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Fig. 1. George W Simons. Photo 
courtesy of George W Simons, 
Jr Planning Collection, Thomas G 
Carpenter Library, University of 
North Florida, Jacksonville, FL.

The Centenary of the Florida Anti-Mosquito Association:The Centenary of the Florida Anti-Mosquito Association:
1922-20221922-2022

by Gordon Pattersonby Gordon Patterson

In July 1855, the United States Bureau 
of Agriculture dispatched Townsend 
Glover to Florida to investigate the 
state's "insect enemies." Glover, who in 
eight years would become the federal 
government's first entomologist 
in the newly created Department 
of Agriculture, provided an ironic 
commentary on his six-month sojourn 
in the subtropics. He had spent the 
summer and autumn "most pleasantly 
with alligators, mosquitoes, and red-
bugs." His experiences led Townsend 
to compose a "Florida Litany" (Dodge 
1888).

From red-bugs and bed-bugs, 
from sand-flies and land-flies

Mosquitoes, gallinippers, and fleas,
From hog-ticks and dog-ticks, 

from hen-lice and men-lice
We pray thee, good Lord, give us ease:
And all the congregation shall scratch 

and say Amen. 

Most Floridians would have concurred 
with Glover's prayerful lament during 
the nineteenth and early twentieth 
centuries.   The perennial problem of 
six-legged-blood-sucking pests was 
like the weather. You could complain, 
but nothing could be done. That 
changed in 1922 when a coalition of 
progressive women, business groups, 
and community leaders led by George 
Simons, the state's sanitary engineer, 
launched a statewide campaign that 
culminated in the formation of the 
Florida Anti-Mosquito Association.

Three factors contributed to the rise 
of the anti-mosquito movement in 
Florida. First, the growing awareness 
of the economic benefits from tourism 
and land sales that would accrue from 
a reduction in disease-bearing and 
pest mosquitoes; second, progressive 
women's role in mobilizing a spirited, 

grassroots campaign for mosquito 
control; and third, a statewide dengue 
outbreak in 1921 and 1922.

The 1921 and 1922 dengue epidemics 
proved the catalyst for the anti-
mosquito movement. The outbreak 
had begun in Miami. In the spring and 
summer, cases of "breakbone fever" 
soared. The economic effects were 
immediate. Tourism plummeted.   Land 
sales were threatened. The dengue 
outbreak spread across the entire state 
except for Brewster and Perry, Florida 
which escaped the epidemic. In 1920, 
George Simons (Fig. 1) had guided the 
development of anti-mosquito work in 
Brewster and Perry. Simons believed 

1921, Florida's legislature slashed the 
Board of Health's budget by 50%.  

Despite Tallahassee's reluctance to 
support public health, Simons believed 
that the dengue outbreak offered an 
opportunity to spread the gospel of 
mosquito control. Simon's first step 
was to win the support of tourism and 
business groups. He began in Miami.  
In December 1921, Simons and his 
colleague George Moznette, who led 
the USDA field station in south Florida, 
convinced the Miami City Commission 
to allocate $10,000 for an anti-mosquito 
crusade. The campaign would move 
in stages. Emphasis would initially be 
placed on education, followed by an 
anti-mosquito ordinance and city-wide 
inspections. Simons and Moznette 
set to work drafting a brochure on 
mosquito control. In March 1922, 
Miami's city manager proposed a 
law against "the sprightly mosquito," 
which included "a penalty of $100 or 
confinement in the city jail for not 
more than 30 days" for those who 
failed to eliminate water in ditches, 
ponds, pools, etc. in which mosquitoes 
breed (Mosquitoes Doomed If New 
Ordinance Passes Commission 1922).  

The mosquito control problem was 
particularly acute in the city's "colored 
section." The editors of the Miami 
Herald, who had thrown their paper's 
support behind the campaign, noted in 
their weekly "Platform for Miami" that 
"in the section of the city where many 
of the people are dependent upon the 
washing for their neighbors, arises the 
chief trouble. The facilities for storing 
soft water are meager, and the rain 
barrel is the chief water holder" (The 
Herald's Platform for Miami 1922). 

Leslie Quigg, Miami's police chief, 
aggressively enforced the city's anti-

that Brewster and Perry demonstrated 
that reducing the impact of mosquito-
borne diseases was possible. Ironically, 
the anti-mosquito movement suffered 
a setback when evidence of the 
successful anti-mosquito work in 
Brewster and Perry was revealed. In 



66 Volume 33Volume 33WingWing  BeatsBeatsWinter 2022Winter 2022

Fig. 2. Col. Raymond C. Turck. 
Photo courtesy of the Jaxon, 
Jacksonville, FL.

Fig. 3. Dr. Josie Rogers. Photo 
courtesy of Frontier Florida.

mosquito ordinance. "War on the 
mosquito," the Herald reported, 
"started yesterday by the sanitary 
division of the city government, 
reinforced by the police department." 
Thirty-six warrants for arrest were 
issued.

Simons opposed the notion that the 
public could be bludgeoned into 
adopting anti-mosquito measures. 
Education was the key. In April, Simons 
and Moznette published a booklet 
entitled "Mosquitoes and Mosquito 
Control," outlining the core elements of 
a successful anti-mosquito campaign. 
The public must be convinced to join 
the movement. At the same time, 
Simons persuaded Col. Raymond C.  
Turck (Fig. 2), the state's health officer, to 
issue an outline for a model mosquito 
ordinance emphasizing winning the 
public's support (To Draw Mosquito 
Bill from Model 1922). Simon's "Do 
Your Part" campaign was a success. 
Thousands of copies of Simons and 
Moznette's booklet were distributed. 

The $10,000 allowed the city to 
hire a cohort of mosquito control 
inspectors. Between April 1 and May 18, 

6,800 inspections were performed. 
Catch basins, maintenance holes, and 
numerous pits and pools had been 
oiled. The Herald published a weekly 
Mosquito Bulletin informing citizens of 
the campaign's successes.

The mosquito problem, however, in 
Miami's "colored section" remained 
acute. The lack of access to a municipal 
water supply compelled African 
American residents "to place tubs 
out to catch rainwater." A Miami 
Herald reporter wrote that "mosquito 
inspectors issued special instructions 
in dealing with the problem of the 
ordinary wash tub” (Women Who 
Wash Hair in Rain Water Befriend 
Mosquito 1922).

The summer of 1922 provided the 
crucial test for the "Do Your Part" 
Mosquito Control Campaign. Simons 
and his colleagues in Jacksonville, the 
State Board of Health's headquarters, 
nervously watched as the number 
of cases of dengue fever soared. 
Raymond C. Turck estimated there 
were at least 200,000 cases of dengue 
in Florida (Florida May Wage Fight on 
Mosquito 1923).  Miami was spared. 
Later, George Simons told Turck that 
"the dengue situation throughout the 
state [had] put the people in a mood 
to be receptive to constructive plans 
that would control mosquito-borne 
infections." Simons added, "this state 
of mind, coupled with the successful 
control projects at Perry and Miami, 
were our incentives to go ahead…the 
time was ripe and at hand to make an 
issue of community mosquito control" 
(Simons 1923).        

Florida's anti-mosquito movement 
required more than a "mood" and a 
"state of mind." Success hinged on 
generating grassroots support for 
mosquito control. Three women, 
leaders of the Florida Federation of 
Women's Clubs (FFWC), proved critical 
in winning support for a statewide 
anti-mosquito movement:  Elizabeth 
Skinner, Vida MacDonell, and Josie 
Rogers. Founded in 1895 in Green 

Cove Springs, the FFWC became 
the state's most potent, women-led 
organization. Fueled by the drive for 
women's suffrage, membership grew 
from 1,600 in 1910 to 9,163 in 1917. By 
1929, the FFWC membership soared 
to more than 17,000 members (The 
Florida Women's Club Movement | 
Visit Florida 2017). 

The passage of the 19th Amendment 
opened a new chapter in the FFWC's 
history. Under the leadership of 
Elizabeth Skinner, Vida MacDonell, 
and Josie Rogers, the FFWC sought to 
use its influence to support reforms in 
the state's schools, temperance, and 
various health care issues.  

Skinner, MacDonell, and Rogers made 
advocacy of mosquito control a core 
issue for the FFWC. Vida MacDonell, 
whose husband William MacDonell 
was Jacksonville's health officer, served 
as the FFWC's state chair of the health 
division. Vida MacDonell and Josie 
Rogers, a physician in Daytona Beach, 
were well-versed in the ravages of 
mosquito-borne diseases. 

In August 1922, George Simons 
began a campaign along Florida's east 
coast to mobilize support for the 
anti-mosquito movement. Elizabeth 
Skinner, who served as the FFWC state 
president, encouraged local groups to 
host meetings where Simons would 
speak. "During August," Simons later 
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Fig. 4. Attendees of the first meeting of the Florida Anti-Mosquito Association, December 1922, Daytona Beach, 
FL. Photo courtesy of George W Simons, Jr Planning Collection, Thomas G Carpenter Library, University of North 
Florida, Jacksonville, FL.

wrote, "a speaking tour along the 
east coast was arranged; mosquito 
control talks were given to citizens' 
mass meetings and civic organizations 
at Daytona, Daytona Beach, New 
Smyrna, Titusville, West Palm Beach, 
and Gainesville, and later at Monticello 
and Tallahasse. These meetings sowed 
the seeds that were later cultivated." 
(Simons 1923)

Dr. Josie Rogers (Fig. 3), who had been 
elected Daytona's mayor in 1922, 
offered to host a two-day meeting 
of the state's anti-mosquito forces 
at the Palmetto House. Rogers, who 
later served as chief of staff of Halifax 
Hospital, had resigned from the city's 
commission to run for mayor. In the 
wake of her victory, the editors of the 
Daytona Daily Journal declared, "Dr. 
Rogers was not elected mayor because 
she was a woman but because she was 
a progressive, able, and conscientious 
citizen. The Journal predicts that as 
mayor Dr. Rogers will prove a most 
capable official, reflecting credit upon 
Daytona, upon herself, and upon her 
sex" (Lane 2020).

One hundred and fifty mosquito 
warriors gathered in Daytona on 
December 6, 1922 (Fig 4). Their 
objective was to launch a statewide 
crusade for mosquito control. The 

"intensive educational publicity 
campaign" and support of the FFWC 
generated tremendous press coverage 
(Simons 1923). On December 7, they 
formalized their commitment to 
waging war on mosquitoes, voting 
to form the Florida Anti-Mosquito 
Association (FAMA). The venerable 
Joseph Porter, the state's first health 
officer, was named the association's 
first president.  Elizabeth Skinner 
and Josie Rogers were named to the 
organization's six-person executive 
committee.

"Twenty-five years hence," Raymond 
Turck, declared at the meeting's 
conclusion, "we will look back to this 
momentous date in Florida's history. 
It will be remembered as the natal day 
of an organization which…will bring 
about the realization of the titanic 
work of controlling, if not eradicating, 
the mosquito from the state" (Declare 
War on Mosquitoes 1922).

In March 1923, FAMA held its 
second meeting. Looking back at 
the previous year, George Simons 
declared that "had it not been for the 
wholesome, enthusiastic cooperation 
of the organized women's Clubs of 
Florida, it is questionable how far the 
association would have progressed, 
and what achievements could be 

reviewed at this time" (MacDonell 
1932). Joseph LePrince, the U.S. Public 
Health Service's chief sanitary engineer, 
attended the FFWC's annual meeting. 
After hearing Vida MacDonell's report 
on the FFWC's anti-mosquito work, 
LePrince declared that MacDonell's 
report should be reported to the 
Associated Press. "It would," LePrince 
opined, "help the public health service 
in their mosquito program as nothing 
else would" (MacDonell 1923).  At 
FAMA's third annual meeting in 
December 1924, delegates "paid 
tribute to the club women of Florida, 
for the unparalleled work done by 
the clubs in the mosquito control 
movement," electing Vida MacDonell 
the association's president.

One hundred years have passed since 
the formation of the Florida Anti-
Mosquito Association. In 1990, the 
FAMA changed its name to the Florida 
Mosquito Control Association. No 
matter what it is called, no organization 
has done more to advance the cause 
of mosquito control in Florida. One 
hundred years ago, during a public 
health crisis, men and recently-
enfranchised women put aside their 
differences and dedicated themselves 
to working for the public good. 
Perhaps something can be learned 
from studying history.
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1922 Organization of Florida Anti-Mosquito Association, Joseph Porter elected president
1925 Florida becomes the fourth state (after New Jersey 1912, California 1915 and Utah 1923) to authorize   
 formation of mosquito abatement districts, with the first in Indian River County, Vero Beach, FL
1931 Rockefeller Foundation establishes malaria treatment station in Tallahassee, FL 
1932 United States Public Health Service (USPHS) and United States Department of Agriculture (USDA) 
 establish field stations in Florida
1937 Rockefeller Foundation funds comprehensive demonstration project in malaria control in Pensacola
1942 Malaria Control in War Areas (MCWA) launched in Florida 
1942 USDA Research Laboratory opens in Orlando / 1st experiments using DDT conducted in Cocoa Beach, FL
1943 Dade County uses DDT to control mosquitoes
1949 Florida legislature authorizes State 1 Funds for formation of mosquito control districts
 Florida mosquito control depends almost exclusively on DDT
 Brevard County reports DDT no longer provides adequate control of Aedes taeniorhynchus
1953 Florida legislature authorizes State 2 Funds for permanent (source reduction) mosquito control and 
 creation of a Entomological Research Laboratory in Vero Beach, FL
1959 St Louis encephalitis (SLE) outbreak in St Petersburg, FL
1962 SLE outbreak in Tampa
1963 West Florida Arthropod Laboratory established in Panama City led by Andrew Rogers to monitor    
 insecticide resistance in mosquitoes
1969 Florida State Board of Health becomes part of the Florida Department of Health and Human Resources
1974 Entomological Research Center becomes Florida Medical Research Laboratory (FMEL) 
1975 First commercial use of the insect growth regulator methoprene (Altosid®)
1985  Florida Legislature creates Florida Coordinating Council on Mosquito Control and Subcommittee on 
 Managed Marshes
1990 Florida Anti-Mosquito Association changes name to Florida Mosquito Control Association (FMCA)
2001 West Nile virus detected in Florida
2011 Florida A&M University closes PHEREC Laboratory 
2014 Locally acquired cases of chickungunya virus detected in Florida 
2016 Locally acquired cases of Zika virus detected in Florida
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Observations on a Century of Mosquito Control in Florida
 by Douglas Carlson, Alan Curtis, Donald Shroyer and John Beidler

Introduction

When Wings Beats editor Dennis 
Moore invited us in August 2022 to 
write an opinion paper for this edition 
of the magazine, he asked that it be 
about some of our observations based 
on our collective 166 years in the 
mosquito control profession (Doug 
Carlson = 45 yrs, Alan Curtis = 35 yrs, 
Don Shroyer = 33 yrs, John Beidler = 53 
yrs).  As requested, this contribution is 
intended to complement Dr. Gordon 
Patterson’s paper in this edition 
which documents the years preceding 
the formation of the Florida Anti-
Mosquito Association (FAMA) in 1922, 
which this edition of Wing Beats is 
commemorating.  2022 is the 100th 
anniversary of the FAMA/Florida 
Mosquito Control Association (FMCA) 
and professional mosquito control 
in our state. This paper will deal with 
observations about mosquito control 
that have occurred over the last 100 
years, primarily focusing on the period 
following World War II.

Evolution of Chemical Use

Modern Florida mosquito control has 
prided itself in using science to define 
the materials and techniques that we 
use.  However, that has not always 
been the case. In the early 1950s, some 
traveling sales personnel used a well-
honed "snake oil" sales pitch to less 
than knowledgeable mosquito control 
directors. One product pushed was 
the “Toledo Torch.”  This cannonball-
shaped lantern filled with kerosene 
was commonly used along roadsides.  
It was advertised that the flame lured 
mosquitoes to their death. Thankfully, 
we now rely on science to define which 
materials we can use and how to use 
them.

For many years, the Florida mosquito 
control community has been fortunate 

to partner with industry in helping 
to develop products useful to our 
profession.  In many cases, products for 
mosquito control have been developed 
for use with other insects but also 
showed efficacy for mosquitoes.  
This started with DDT and other 
chlorinated hydrocarbons in the 1940s 
and 50s, then organophosphates in 
the 1960s, and evolved to pyrethroids 
in the 1980s.  Progress continued with 
the development of new larvicides 
including the insect growth regulator 
methoprene, Bacillus thuringiensis 
israelensis (Bti), and in the 2000s, 
spinosad.  The paucity of chemical 
products at our disposal makes the 
stewardship of what we have extremely 
important.  Rotating products for 
larviciding and adulticiding is optimal, 
with regular testing for resistance 
becoming a desired program 
component.  Great care is needed 
when using residual chemicals such 
as barrier sprays, as they have a strong 
possibility of contributing to resistance 
development.  The growing number 
of commercial companies providing 
barrier sprays and misting systems 
threatens to accelerate resistance. 

Environmental Considerations of 
Mosquito Control Practices 

Modern mosquito control began 
shortly after World War II with the 
development of cheap and effective 
chemicals.  During the war, a U.S. Dept. 
of Agriculture (USDA) laboratory in 
Orlando tested DDT efficacy against 
several insects, including mosquitoes.  
Our co-author John Beidler, who was 
a high school student in Orlando, 
participated in some of these tests. 
By the 1950s, DDT was believed to be 
a magic bullet and was widely used 
as both a mosquito larvicide and an 
adulticide.  Within a few years, this use 
pattern resulted in some mosquito 
species becoming resistant. Years 

later, other environmental problems 
were identified.  Switching to other 
chlorinated hydrocarbon chemicals 
bought mosquito control a little time 
but had the same end result.  Other 
products were later introduced such 
as the organophosphate malathion 
(as an adulticide) and Paris Green (an 
arsenic compound used as a larvicide).  
In the case of malathion, saltmarsh 
mosquitoes became resistant to that 
compound as well in some locales.  It 
became clear that where possible, using 
an Integrated Pest Management (IPM) 
approach to controlling mosquitoes 
was important.  

An example of implementing large-
scale source reduction for salt marsh 
mosquito control began in the mid-
1950s on Florida’s central-east coast 
with the creation of impoundments. 
State funding helped local mosquito 
control programs offset construction 
costs. Over the next 15 years, ca. 
40,000 acres of impoundments were 
created in five coastal counties, 
ranging from Volusia County in the 
north to Martin County in the south.  
By the early 1970s, water management 
of these impounded salt marshes had 
a huge impact on making many parts 
of the east coast habitable.  Arguably, 
the development of the NASA Space 
Program in northern Brevard County 
would not have been possible without 
impoundments.  Mosquito production 
in the northern Indian River Lagoon 
(IRL) salt marshes previously hindered 
NASA’s efforts to move forward 
in that location.  Concurrently, 
what had been considered 
mosquito-infested “wastelands” 
became targets for commercial 
and residential development.  By 
the mid-1970s, however, there 
was criticism that isolating these 
marshes from the adjacent IRL had 
negative environmental impacts 
on fish populations and vegetative 
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communities.

Applied research for chemical control 
and source reduction has provided the 
backbone for controlling saltmarsh 
mosquitoes on the east coast of 
Florida.  Early saltmarsh impoundment 
methods were effective in reducing 
mosquito populations but came 
with the cost of isolating fish and 
other organisms from the IRL.  To 
address this situation, the Indian River 
Mosquito Control District (IRMCD), 
the University of Florida’s - Florida 
Medical Entomology Laboratory 
(FMEL), and the Harbor Branch 
Oceanographic Institution procured 
federal funding through the Coastal 
Zone Management Program to 
conduct a decade of research in this 
area.  The results of this and other 
work led to an improved saltmarsh 
management technique which became 
known as Rotational Impoundment 
Management.  This flooding method 
allows the impounded salt marshes 
to maintain many of their natural 
functions while minimizing the need 
for chemical applications to control 
mosquitoes.

In the early 1980s, concerns such 
as non-target impacts of aerial 
adulticiding on Florida’s southwest 
coast and impoundment management 
along the IRL, resulted in Governor 
Bob Graham forming two interagency 
committees: the Florida Coordinating 
Council on Mosquito Control and 
its Subcommittee on Managed 
Marshes.  That these committees were 
established in the Florida Statutes 
(Chapter 388) in 1986 and remain active 
today is a testament to the importance 
of addressing problems that have 
broad implications in an interagency 
and multi-disciplinary way and basing 
management decisions on science, not 
assumptions.  The Florida mosquito 
control community needs to continue 
to support efforts such as these by 
working with the environmental 
community to demonstrate our sincere 
interest in carrying out our mandates in 
an environmentally-acceptable manner.

Mosquito-Transmitted Disease 
Surveillance and Response  

It is no coincidence that Joseph Y. 
Porter, the “Father of Florida mosquito 
control,” was the first president of the 
FAMA.  Mosquito control in Florida 
arose from the need to address the 
mosquito-borne diseases plaguing 
Florida 100 years ago.  Porter’s role as 
medical director of the State Board of 
Health was fortuitous.  Malaria was 
still common in Florida in 1922 and 
annual deaths did not drop below 200 
until 1938.  While Florida’s famously 
destructive yellow fever epidemics 
had disappeared, a significant dengue 
outbreak occurred in Miami and 
Tampa in 1934.  Outbreaks of St. Louis 
encephalitis (SLE) appeared in the 
Tampa Bay area in the early 1960s.  
In 1977, a statewide outbreak of SLE 
occurred, creating the sentinel chicken 
program in 1978 which continues 
today.  

Modern molecular diagnostic methods 
now provide additional tools to assist 
in arbovirus detection, although 
the challenges of determining valid 
indicators of virus activity in diverse 
(and astronomically numerous) 
vectors and hosts remain the principal 
challenge yet to be overcome.  West 
Nile virus (WN) first appeared in 
Florida in 2001 and fortunately large-
scale human involvement in our state 
has not occurred.  Also of interest, as 
WN appeared, SLE activity reduced 
dramatically.  Only in the past few years 
has SLE once again made an appearance 
in our state. Since monitoring began, 
eastern equine encephalitis (EEE) 
has been most prevalent in northern 
Florida and even then, the incidence 
is typically low.  These three viruses, 
with birds serving as the reservoirs, 
have challenged Florida mosquito 
control professionals to quickly react 
to outbreaks, which is difficult with 
the ubiquitous primary vectors for 
SLE and WN (Culex nigripalpus and Cx. 
quinquefasciatus) and for EEE (Culiseta 
melanura).

The early arbovirus transmission 

events caught mosquito control 
programs unprepared to respond 
effectively.  Research initiated at FMEL 
with the cooperation of multiple 
mosquito control agencies improved 
our knowledge of events that create 
and drive mosquito-borne disease 
epidemics. We now have a better 
understanding of when to implement 
control measures as well as when 
control actions are not appropriate. 
Timing is critical when making these 
control decisions.

During the past two decades, dengue 
fever (but not the hemorrhagic disease), 
chikungunya, and Zika have made 
limited appearances in Florida albeit 
with incidences of local transmission.  
The container-producing mosquitoes 
Aedes aegypti and Ae. albopictus are 
the vectors for these viral pathogens 
which makes for a different mosquito 
control challenge compared to that for 
SLE, EEE, and WN.  Source reduction 
in the form of container and waste 
tire removal is needed.  Going house-
to-house or business-to-business is a 
painstaking, labor-intensive exercise. 
Mosquito control professionals will 
need to maintain surveillance and 
have response plans in place for the 
foreseeable future.  Research into how 
to address this issue is an important 
priority for the future and some 
encouraging new control techniques 
are proving useful (e.g., ULV larviciding, 
lethal ovitraps).  After dealing with 
COVID for several years, we have 
witnessed the associated problems 
concerning differences in public 
opinion on the danger of the situation 
and the safety measures recommended 
by public health officials.  We wonder, 
after that backlash, whether any 
mosquito-transmitted disease 
outbreak will receive much publicity. 
This could hinder our greatest tool, 
which is educating the public to take 
protective measures against mosquito 
bites during an outbreak or epidemic. 

Importance of Research 

The mosquito control community has 
been fortunate in having both academic 
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and industry partners to assist with 
research to guide programs as to how 
to carry out our responsibilities in the 
best way possible.  Often effective 
compounds were produced by the 
agrochemical industry but required 
the application ingenuity of mosquito 
control workers to make them 
ready for field use.  Examples of this 
include incorporating the compound 
into a granular formulation or the 
modification of ULV equipment to 
produce the proper dose or droplet 
size. Some products required fine-
tuning of application timing such as 
identifying that Bti formulations were 
not effective against later instar larvae.  
Thus, for a formulation to be effective, 
it had to be applied during early larval 
instars.

Since the 1950s, several mosquito 
control programs have participated 
in or initiated specialized research 
projects.  The earliest collaborative 
work included the basic development 
of larvicides and adulticides done in 
conjunction with the Florida Dept. 
of Health’s Entomological Research 
Center (which later became FMEL).  
The products and application 
methods developed served as the 
basis of work improved later through 
additional research.  In the academic 
arena, along with FMEL, prominent 
partners have included Florida A&M 
University’s - PHEREC lab and Florida 
Institute of Technology, among 
others.  Also important, the USDA’s 
Insects Affecting Man and Animals 
Laboratory in Gainesville has been 
an major contributor to applied 
research benefitting mosquito control 
operations, not just in Florida, but 
worldwide.

 Over the years, several mosquito 
control programs have initiated 
independent research to address 
special needs. This included the 
development of monomolecular 
films, fine-tuning the use of Bti, the 
biology of citrus grove mosquitoes, 
and improved ground and aerial 
adulticiding.  Mosquito control has 

progressed from the days of thermal 
fogging applied while driving at just 
5-10 mph.  One particularly important 
advancement conducted during the 
1990s was a collaboration amongst 
several mosquito control programs, 
PHEREC, and industry in developing 
improved aerial ULV methodologies 
for treating adult mosquitoes. This 
work resulted in application methods 
producing smaller droplets that 
reduced chemical use, increased 
efficacy, and improved application 
accuracy with less environmental 
impact.

One example of the importance of 
research in our day-to-day efforts 
includes identifying newly imported 
mosquito species and their vector 
capabilities (e.g., Aedes albopictus 
in the 1980s, later Cx. coronator) 
and exotic mosquito-transmitted 
pathogens introduced into Florida (e.g., 
WNV first detected in Florida in 2001).  
These introductions have impacted 
how mosquito control is conducted 
in Florida and it is likely that more 
examples will be added to this list of 
introductions. 

Mosquito control program decisions 
must be based on sound science.  
While there are exceptions, most 
mosquito control programs are not 
equipped to conduct research, thus 
partnerships with qualified scientists 
are vital.  Florida mosquito control 
needs to strongly advocate to support 
funding at the federal, state, and local 
levels for research which benefits our 
profession. This is an example of where 
the FMCA’s ongoing lobbying efforts in 
Tallahassee and those by the American 
Mosquito Control Association 
(AMCA) in Washington are important 
for local programs to support. 

At a FMCA meeting in the 1990s, 
former Pasco County Mosquito 
Control District (PCMCD) Director 
Jim Robinson, in his usual casual and 
knowledgeable way, said that before 
embarking on a new project, one 
should make certain to first examine 

the mosquito biology and control 
literature as there is a likelihood the 
subject has already been investigated. 
This statement is something to keep 
in mind, especially since much of the 
earlier print literature has never been 
digitized for easy internet accessibility.  
A good example of needing to check 
the literature is in regards to adult 
mosquito surveillance. Professor 
Bill Bidlingmayer (FMEL) conducted 
extensive research on this subject in the 
1960s, 1970s, and 1980s, which is still 
valid today.  Mosquito control workers 
involved in this discipline should 
become familiar with his important 
work (see Suggested Readings below).

Technological Advancements

Advances in technology are important 
for any industry and mosquito control 
is no exception.  One example over 
the past 70 years is improved spray 
technologies.  This includes for ground 
adulticiding, moving from thermal 
fogging to ULV sprays; and for aerial 
adulticiding, reducing droplet sizes 
to minimize non-target impacts.  For 
ground and aerial larviciding,  it includes 
using granular materials to better 
penetrate densely vegetated habitats. 
Applying biorational larvicides (e.g., 
methoprene, Bti, spinosad) is preferred, 
especially in environmentally-sensitive 
wetlands.  Over the past 40 years, 
integrating computer technology for 
various uses has moved mosquito 
control forward dramatically.  An 
excellent example of this is the 
important role that GPS now plays 
in mosquito control from improved 
surveillance to improved targeting for 
larvicides and adulticides.  In the office, 
in many instances, the transition from 
paper to digital record keeping, and 
the use of integrated database systems, 
are helping to streamline efficiency.  In 
our case at IRMCD, introducing GPS 
into aerial treatments (both larviciding 
and adulticiding) was a tremendous 
step forward in the proper targeting 
of treatments.  This technology will 
continue to improve mosquito control 
efforts over the coming years. 
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Promoting Professionalism Through 
Educating Staff and the Public 

In the early 1980s, several of our 
Florida leaders, in particular Glenn 
Dodd (Assistant Director at IRMCD), 
Jim Robinson (Director at PCMCD), 
and Bill Opp (Fla. Dept. of Health and 
Rehabilitative Services) pioneered 
the concept of creating courses to 
allow for training of employees at the 
field, shop, and administrative levels.  
Shortly after Glenn Dodd’s untimely 
passing in 1991, these annual training 
sessions were appropriately named in 
his honor as the Dodd Short Courses.  
They continue to provide important 
training for Florida mosquito control 
workers along with individuals from 
around the country and the world.  The 
FMCA needs to do what is necessary 
to continue this and other educational 
opportunities for workers in our state.  
Increasing the level of professionalism 
is important as mosquito control 
programs are periodically scrutinized 
as to how the work is being conducted, 
in particular regarding safety of the 
public and environment.  This is where 
public outreach efforts have gained 
momentum over the past several 
decades.  Keeping the public informed 
about how we conduct our mission in 
an environmentally-friendly manner is 
important, and an increasing number 
of mosquito control programs have 
dedicated efforts to accomplish this 
goal. 

Future Considerations

While we believe that mosquito 
control is an indispensable public 
health service, it must be kept in 
mind that we cannot anticipate how 
political considerations, which are 
largely out of our control, might play 
into public opinion forming a different 
conclusion.  It can be argued that we 
have done our job so well that we 
are oftentimes taken for granted.  
However, shortly after being elected in 
2010, Governor Rick Scott initiated an 
investigation of independent mosquito 
control districts to determine whether 
they are the best way to address local 
mosquito control needs.  While that 

instance resulted in an in-depth review 
of several district programs and a 
favorable report was produced, who 
can say what political considerations 
might make for a different outcome in 
the future?  This behooves mosquito 
control programs to carefully carry 
out their mandates efficiently and 
economically while being as responsive 
to the taxpayers as possible. Political 
pressure also plays a role in the ability to 
maintain necessary insecticides.  This 
makes it incumbent upon programs 
to be careful stewards of the materials 
at their disposal by using them in a 
targeted fashion. 

Final Thoughts

A century of mosquito control in 
Florida has shown the mosquito 
control profession to be dedicated 
and innovative in working to maintain 
public health and welfare.  Historically 
mosquito control in Florida has worked 
together well, sharing knowledge and 
resources.  Of importance, we have 
recently seen with COVID how a 
new “enemy” can cause tremendous 
upheaval in how we conduct our 
work and more importantly how 
we interact with our colleagues and 
friends.  Also, over the past several 
years, the camaraderie that the FMCA 
had fostered for decades splintered 
for various personal and professional 
reasons.  The re-establishment of 
thoughtful and caring dealings with 
our family, friends, colleagues, and the 
public is needed and the FMCA is no 
exception. The four of us have been 
proud of our many years as members 
of the FMCA.  Over the coming 
decades, we look forward to seeing 
great accomplishments emerging 
from the next generation of FMCA 
members and thus leading to fewer 
adult mosquitoes emerging from their 
immature habitats to bother us.
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Fig. 1. Diagram of mosquito identification and pooling system.

Bringing Automation to Mosquito Control
by Patrick Keough and Hanan Lepek

Interesting Times

Most scientists agree global warming 
is a reality. As global temperatures 
increase, risks associated with 
mosquito-borne viruses are predicted 
to increase as well.  Mosquito control 
districts will need to conduct more 
monitoring activities to guard against 
viral outbreaks. More trapping, 
identification, and pooling activity 
will result in a need for additional 
human resources to address expanded 
monitoring requirements. This comes 
at a time when mosquito control 
organizations face challenges in 
finding suitable candidates to fill open 
positions.

During the identification process, 
control district personnel work 
through the mosquitoes contained 
within their traps. In general, there are 
large volumes of common mosquitoes 
and fewer numbers of more unique 
species. Highly trained and experienced 
people may be processing both the 
common and the more difficult-to-
identify mosquitoes. Control districts 
will be more efficient if their experts 
focus their identification efforts where 
their skills are best used. Fortunately, 
advanced automation technology 
is being introduced to address this 
requirement.  

Another area where automation 
is being introduced in mosquito 
control relates to the Sterile Insect 
Technique (SIT). SIT is a proven 
method of reducing the population of 
specific types of mosquitoes in target 
locations. One challenge associated 
with SIT is scalability in separating 
male from female mosquitoes before 
the males can be sterilized. SIT requires 
substantial volumes of sterilized 
males to have a significant impact on 
the population of mosquitoes in a 
particular area.  

Automation can increase efficiency in 
both the identification and pooling, 
and the sex sorting processes. Senecio 
Robotics, a technology company 
based near Tel Aviv, Israel, is leveraging 
artificial intelligence (AI) and advanced 
robotics capability to bring automation 
to these two processes.

The following is an overview of how 
automation technology is being 
leveraged to drive efficiencies in 
two important aspects of mosquito 
control:

 y Automated Mosquito 
Identification and Pooling 

 y Mosquito Sex Sorting and 
Packaging Lines

Automated Identification 
and Pooling

Most mosquito control districts 
rely on entomologists and other 
well-trained staff for identification 
and pooling.  Capture volumes vary 
depending upon where a particular 
district is located and where they 
are in the mosquito season. When 
monitoring volumes are high, district 
personnel focus considerable time on 
identification and pooling.  

Senecio Robotics manufactures 
a system specifically designed to 
automate mosquito identification and 
pooling. The system leverages digital 
imaging, AI, and robotics to identify, 
count, and when required, pool 
mosquitoes.   The process outline for 
this system is shown in Fig. 1.

Process Outline

 y Mosquito traps arrive at district 
headquarters from off-site 
locations.

 y Trapping data are logged into the 
system, either by scanning barcodes, 
keying in data, or a combination of 
the two.

 y Mosquitoes are then transferred 
from traps and loaded into the 
system’s rotating drum.  As the 
drum rotates, mosquitoes drop 
onto the conveyor with sufficient 
separation to allow for recognition 
of individual mosquitoes (Fig 2).

 y As mosquitoes move along the 
conveyor system, two high-
resolution digital cameras capture 
images of each specimen.  The main 
camera is mounted overhead.  As 
overhead images are captured, 
the system logs and tracks each 
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mosquito’s position on the 
conveyor.  

 y The systems’ AI capability is then 
engaged to accurately classify 
the most common types of 
mosquitoes. The system maintains 
a large and growing mosquito 
image library. Algorithms are used 
to compare scanned images with 
those contained in the system’s 
image library to determine species 
and sex. Algorithms are rules 
created to identify specific features 
of a mosquito. Rules are written to 
recognize specific features of each 
mosquito species.

 y If the overhead images are 
insufficient for accurate 
identification, the system activates 
a robotically-controlled side-view 
camera. The side-view camera 
rotates and captures multiple 
images from different perspectives. 
When required, district personnel 
can review the side-view images 
from a monitor, on-site or off-site, 
and make their determinations. 
The objective is to maintain a read 
accuracy of at least 90 percent 
for mosquitoes contained in the 
image library. An ongoing update 
of read accuracy is provided to 
the operator via the system’s high-
resolution display.

 y There are six operating modes to 

configure the system 
for specific purposes. 
One mode is used 
for counting only. A 
second mode allows 
for identification 
using the top-view 
camera only. A third 
activates the side-
view robotic camera. 
The fourth activates 
the system’s robotic 
pooling capability. 
A fifth allows any 
combination of the 
above to be engaged. 
And a sixth is set up 
for AI recognition 
training for the 
system, for example, 
when a district 

wants to begin working with a new 
species.  

 y Machine throughput varies by 
which options are activated during 
processing. For abundance testing, 
where the operator may only want 
to count and identify mosquitoes, 
the system may run at well over 
1,000 mosquitoes per hour. When 
both the overhead and side-view 
camera systems are activated, 
and pooling is required as well, 
processing speed may average 500 
to 800 mosquitoes per hour.  

 y When the pooling function 
is engaged, the operator can 
select the maximum number of 

specimens to be placed into each 
vial. When processing has been 
completed, the operator removes 
the vials designated for PCR testing.  

AI is used to automatically recognize 
various species of mosquitos as 
they progress across the conveyor 
system. (Fig. 3) AI is developed by 
establishing a set of rules. Senecio’s 
ability to recognize mosquito species 
is under constant development. Rules 
relating to the specific characteristics 
of a particular species are created for 
recognition.  

An image library was created 
by scanning and analyzing large 
quantities of digital images. The more 
mosquitoes processed by the system, 
the more capable and accurate it 
becomes. Senecio raises mosquitoes 
on-site, and over the past few years, 
control districts in the US and 
other countries have been sending 
mosquitoes to Senecio for processing. 
The image library can be extended to 
other insects to support surveillance 
of midges, fruit flies, and others. 

Unattended Operation For High-
Volume Processing 

Addressing the need for expedited 
identification of large volumes of 
insects, one of the system’s premium 
features is its ability to run for hours, 
unattended, processing large amounts 
of samples. High-volume processing 
and remote access to images allow a 
district to perform the identification 
and subsequent reviewing & editing 
functions from remote locations. The 
ability to separate these functions 
will allow a district’s management to 
better allocate resources associated 
with the surveillance process. 

Cloud Application Overview

Mosquito images are captured by 
the system, and the images and 
associated data are transferred to the 

Fig. 2. System hopper and distribution drum. 
Mosquitoes are loaded into the hopper. The 
drum is designed to deposit mosquitoes onto the 
conveyor with sufficient separation so individual 
mosquitoes can be recognized.

Fig. 3. AI is used to analyze 
mosquito physical features and 
determine species and sex.
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system’s Cloud Application to turn 
data into usable information (Fig. 4). 
The application is constantly being 
enhanced and many of the application’s 
key features were developed based 
upon input from mosquito control 
districts.  

Cloud Application Features

 y Allows for logging trap data 
including locations that are then 
linked to the cloud app’s GIS 
capability (Fig. 4). The system allows 
for the management of historical 
identification and pooling of data 
that can be used to spot changes or 
trends in the capture process.

 y The operator can view identification 
decisions made by the system. The 
system allows for manual updating 
as well.

 y Identification and pooling data can 
be exported to other systems using 
an Application Program Interface 
or API. An API is a set of definitions 
and protocols that allow for the 
efficient transfer of data from one 
application to another.

 y Each insect receives its own unique 
ID number. Personnel with the 
proper logon credentials have 
access to the insect images and 
associated data including trapped 
date and location.  

 y Users can create a PDF package 
containing a set of mosquito 
images (overhead image plus ten 
high-resolution side-view images). 
The document includes trap date, 
location, type, etc.  The PDF can be 
used to confer with experts located 
outside of the lab.

 y Districts can use the data collected 
during the identification and 
pooling processes to effectively 
plan ongoing treatment activities. 

 y Citizen science. The Cloud 
Application architecture is designed 
to allow a district to receive data 
and images provided by citizens. 
The app can apply the system’s 
AI model to identify species and 
screen out non-mosquito images. 
Control district experts can access 
the information and associated 
images and provide any additional 
updates.  

Real-World Validation

In June of 2022, a Senecio Identification 
and Monitoring system was installed 
at Sacramento-Yolo Mosquito and 
Vector Control District in Elk Grove, 
CA. Additional systems purchased as 
part of an Early Adopter program are 
being implemented in other mosquito 
abatement districts in the US.

Production Sex Sorting and 
Packaging For SIT

Many districts are interested in 
investigating new alternatives to 
existing chemical treatments. One of 
the more promising alternatives is the 
Sterile Insect Technique or SIT. This 
control option has been in use for 
years. The challenge with SIT is how 
to aggregate enough sterilized male 
mosquitoes to effectively drive down 
the population in specific areas.

Advanced automation technology 
can be leveraged to accomplish these 
important objectives. Senecio has 
leveraged artificial intelligence and 
advanced robotic capability to develop 
a system that separates out male 

Fig. 4. Cloud application used to tie mosquito trapping to identification.
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mosquitoes on an industrial scale. The 
company leverages some of the same 
technology used in its Identification 
and Pooling system.  

Senecio’s SIT Sex Sorting and Packaging 
system is capable of processing 
millions of healthy mosquitoes per 
week using a single machine. The males 
are aggregated in specially designed 
cylinders that can then be put through 
a sterilization process and released in 
target locations.  

Process Outline

This system is comprised of three 
components:

· Pupal emergence. Pupae are either 
transported to the production 
location or reared within the 
laboratory. The pupae are kept 
in a temperature-controlled 
environment and loaded into the 
Senecio system. Upon emergence, 
adult mosquitoes are guided into 
the conveyor system. The conveyor 
system provides negative pressure, 
ensuring that the mosquitoes 
remain stationary while being 
transported through the conveyor 
system. 

· Imaging and Sorting. The 
conveyor moves the mosquitoes 
until they reach the imaging and 
sorting section. At this point, a 
neural network model predicts 

if the insect is a male, female, or 
“other” for cases where the AI 
confidence level was below a pre-
established threshold. 

· Packaging. Female mosquitoes are 
removed from the system via a set 
of suction tubes. The remaining 
males are then removed using a 
different set of suction devices and 
loaded into cartridges. Once a pre-
set number of insects have been 
loaded into a particular cartridge, 
the Packaging System closes the 
cartridge and moves it to a new 
position. Then, a new cartridge 
moves into position so the system 
can continue with loading.

Some providers of mosquito control-
related systems and services are 
focusing on offering SIT as a service. 
That is, providing a turnkey service 
where a control district is provided 
with containers of healthy sterilized 
male mosquitoes for release in target 
locations.  

An industrial production line can 
package millions of mosquitoes 
per week (Fig. 5). This high level of 
production capacity provides the 
basis for offering an ongoing service to 
control districts.  

Importantly, SIT as a service is not meant 
to be a replacement for other control 
options.  It simply represents an additional 
method for controlling mosquitoes.

Summary

For both ID and Pooling and SIT Sex 
Sorting, automation is the key to a 
higher level of processing accuracy 
and operational productivity. Newly 
introduced systems employing 
technologies such as artificial 
intelligence and robotic process 
automation are supporting mosquito 
control districts by increasing 
operational productivity.  

For Identification and Pooling, 
automation can be used to process 
the more common mosquito varieties 
and free up highly trained resources to 
focus on identifying and pooling the 
more challenging species. 

With SIT, production volume is critical 
to achieve a significant reduction in the 
target mosquito population. By offering 
SIT as a service, a provider can support 
districts that may not be interested 
in establishing the necessary rearing, 
sorting, and packaging infrastructure.  
Providing economies of scale in the 
packaging of sterilized mosquitoes is a 
game-changing development for this 
mosquito control method. 

Senecio Robotics is a high-tech Israeli 
company founded in 2013.  Senecio 
delivers products and services focused 
on helping federal, state, and local 
governmental organizations involved 
in mosquito control activities.   

In memory of Dr. Dan Strickman, 
advisor to the board, Senecio Robotics

YouTube- Senecio Quick Overview 
https://www.youtube.com/
watch?v=8DXmh2G2KVY

Fig. 5. Conveyor image showing female mosquitoes extracted and 
male mosquitoes collected for use with an SIT program.

Patrick Keough
Senecio Robotics

patrick@senecio-robotics.com
786-510-6601

Hanan Lepek 
Senecio Robotics

hanan@senecio-robotics.com
+972-52-275-4194
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AMCA Young Professionals: Over 10 Years of 
Shaping New Generations of Mosquito Professionals

by Kyndall Dye-Braumuller, Chloe Wang, Caroline Gongora,
Sarah Lawton, Drew Lysaker and Kristy Burkhalter

History of the Young Professionals

The American Mosquito Control 
Association (AMCA) Board of 
Directors decided in 2010 to help 
advance the mosquito control industry 
by providing guidance to folks who 
recently graduated or were new to 
this niche profession. They decided 
to create the Young Professionals (YP) 
group. “Young” does not refer to age, 
but to the number of years of work in 
mosquito control or mosquito research. 
This group is meant for those with 
less than eight years in the mosquito 
control industry and less than five years 
in the AMCA. The original goal was 
to provide support and resources to 
anyone new to the mosquito industry 
to foster their career development. A 
Young Professional is more likely to 
stay in the industry because they have 
the opportunity to acquire a wide array 
of knowledge and make many valuable 
contacts. Many YPs feel the group also 
provides a valuable sense of belonging. 

Three years later, the AMCA recruited 
Kristy Burkhalter – a microbiologist 
for the Centers of Disease Control and 
Prevention – to be the advisor of the 
YPs. This led to the formation of the 
YP Advisory Group (YPAG), which is 
the link between the YP group and the 
AMCA Board. They started by defining 
and clarifying the goals and mission of 
the YP group. The following year, an 
official YP committee was established, 
and their roles were defined. 

Thank-You to Kristy Burkhalter, 
Past YP Advisor

At the 2022 AMCA annual meeting, 
Kristy Burkhalter formally announced 
that she would be stepping down as 
the YP Advisor. Under her leadership 
and service the YP group flourished 
and became the established group 
that it is today. Although this was no 

small undertaking, Kristy led the group 
fearlessly and gracefully advocated 
for YP interests and input to AMCA, 
guided group decisions, and lead 
the YP Committee to be the best 
representation of each YP. Kristy left 
some large shoes to fill, so big that 
two people will be taking over her role: 
Kyndall Dye-Braumuller and Chloe 
Wang. We are honored to be the next 
advisors to the YPs, and do not worry, 
we are still texting and calling Kristy 
every other week for advice or her 
thoughts! We are also excited to be 
able to help the YPs through guiding 
the Committee and continuing to 
represent the group for the AMCA 
as a whole. As former AMCA YPs 
ourselves, we know how important it is 
for new recruits and new people in the 
mosquito and vector-related field to 
feel welcome and heard. We know that 
the next generation of mosquito and 
vector control is the core of the YPs. 

So, this is a formal thank you to Kristy 
- for her advice, guidance, vision, and 
overall dedication to the YPs. We are 
going to make you proud by continuing 
your legacy.

Note from the Past YP Advisor
By Kristy Burkhalter

As my tenure as the Young Professional 
advisor ends, I cannot help but reflect 
on all of the remarkable people who 
played a critical role in the successes of 
the YP program. Without the support 
from industry partners, AMCA board 
and management group members, 
and mosquito and public health 
professionals from all facets of the 
“business,” the group would not be 
where it is today. In fact, as this support 
has come from literally hundreds of 
people over the years, we’re faced with 
the dilemma that naming all of them 
here would make for quite an unwieldy 

article. What a nice problem to have. Be 
assured that I remember you and am 
forever grateful to all of you. The YPs 
should feel humbled and honored that 
so many people have donated their 
time, expertise, enthusiasm, funding, 
or support (and in many cases, all 
of the above!) to the development of 
their professional careers and personal 
growth.

If you will indulge me, however, there is a 
group of people I would like to recognize 
individually, and that is the YPs that 
have served on the YP Committee(s) 
to date. The first formal committee, 
instituted in 2015, established a set 
of expectations: everyone’s opinion is 
valuable, and everyone is expected 
to contribute. Year after year this 
precedent has been sustained by each 
new wave of committee members, and 
although it takes a lot of hard work, 
their active commitment is vital for the 
group’s success. While I’m very proud of 
all the accomplishments and programs 
the YP group has achieved, I have a 
particular fondness for the comradery 
that blossomed within this incredible 
group of people through our month-
to month (….or in the thick of things, 
day-to-day!) interactions. Working 
with the committee was a particularly 
rewarding privilege that I never took for 
granted.

To that end, I wish to extend special 
thanks to Catalina Alfonso, Natasha 
Agramonte, Barbie Bayer, Meredith 
Spence Beaulieu, Emily Boothe, Scott 
Bradshaw, Pablo Cabrera, Brendan 
Carter, Caleb Corona, Sydney Crawley, 
Corey Day, Carrie De Jesus, Kyndall 
Dye-Braumuller, Tristan Ford, Stormy 
Freese, Paolo Gabrieli, Caroline 
Gongora, Kristen Hopperstad, Hadis 
Hosseinzadehnaseri, Shiloh Judd, Sarah 
(Erspamer) Lawton, Kristina Lopez, 
Drew Lysaker, Gabriella McConnel, 
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Anais Medina Diaz, Ed Norris, Kaitlyn 
O’Donnell, Annie Rich, Aleece Richter, 
Casey Parker, Steve Peper, Erin Plaisance, 
Mike Riles, Cassie Scott, Glenn Skiles, 
Charlie Sither, and Levy Sun.

AMCA Annual Conference: 
A Place to Learn and Network

The YP committee has strived to create 
opportunities for Young Professionals 
to learn new skills, increase their 
knowledge, and network with well 
established, experienced professionals 
in the field of mosquito control. An 
array of activities such as the YP pre-
conference workshop, symposium, 
booth, social, and dinner are offered to 
the Young Professionals at the annual 
conference. The YP pre-conference 
workshop provides an opportunity for 
the YP group members to meet each 
other and gain diverse information 
and/or skills such as how to budget, 
business etiquette, publish research, 
smart trap rotations, how to get 
more involved in AMCA, etc. The 
symposium features a discussion 
panel and career roundtables 
where members can network with 
experienced professionals. The YP 
booth is where the YP and AMCA 
members can learn more about the 
YP group, engage in fun activities and 
games, and participate in the YP art 
auction which features artwork from 
our talented YP and AMCA members. 
The YP social and dinner offer a 
relaxed mixer for Young Professionals 
to continue getting to know one 
another. Another great benefit is that 
the AMCA coordinates with gracious 
sponsors to award stipends to selected 
YPs, since YPs are often unable to 
attend annual meetings. 

Year-Round Opportunities

The Young Professionals group has 
opportunities to participate and 
stay up to date on the group and 
the AMCA as a whole. If you sign up 
to be a YP, you will receive the semi-
annual newsletter which gives updates 
on the latest mosquito research, has 
interesting mosquito facts, introduces 
new committee members, and gives 

YP committee reports on their 
activities. The committee also hosts 
occasional webinars on various topics. 
The YPs receive an email with a link 
to each webinar. Another way to stay 
up-to-date with the YP committee 
is to follow us on Instagram @
amcayoungprofessionals (instagram.
com/amcayoungprofessionals) 
or on Facebook (@AMCA Young 
Professionals.) You can also email 
(amcayps@gmail.com) with any kind 
of question - you never know what 
connections the group can help you 
make! 

Committee Membership 
Benefits and Duties

We encourage you to join the YP 
committee. Members are selected by 
the sitting committee chairs and the 
YP advisors. Each committee member 
term is one year, which allows flexibility 
for the student’s schedules and early 
career professionals. Committee 
members may re-apply annually to 
extend their terms. Committee chairs 
serve three years and complete the 
succession from co-chair, to chair, 
to past-chair. The committee meets 
monthly to discuss and plan YP events 
at the AMCA Annual Meeting. 
While planning events, there is an 
inherent benefit in communicating 
with and booking the various experts. 
The committee divides into three 
task forces which are responsible 
for planning and implementing one 
of the three major YP events at the 
AMCA Annual Meetings. Additional 
duties for the meeting and throughout 
the year are also divided among the 
group, keeping the committee busy 
and accountable all year. If you are 
interested in joining the YP committee, 
follow us on social media or sign up 
for the AMCA YP group to receive 
updates on applications.  

Breakthrough of YP groups 

In recent years, regional mosquito 
control association YP groups have 
been blooming across the United 
States. The Texas Mosquito Control 
Association YP group (TMCA YP) 

was established in 2018, the following 
year the Northeast YP group (NE YP) 
for New Jersey Mosquito Control 
Association and the Northeastern 
Mosquito Control Association was 
created, and in 2021, the Florida 
Mosquito Control Association YP 
group (FMCA YP) was founded. 
Modeled or influenced by the AMCA 
YPs, these groups also strive to provide 
learning and networking opportunities 
to Young Professionals in their state 
or region. Those interested in learning 
more or joining these YP groups are 
encouraged to contact TMCA YP 
(TMCAYP@gmail.com), NE YP (Stormy 
Freese, stormy.freese@co.cape-may.
nj.us), FMCA YP (Tarolyn Frisbie, 
tfrisbie@citrusmosquito.org). We look 
forward to seeing more YP groups and 
members. 

Kyndall Dye-Braumuller 
YP Committee Advisor

Postdoctoral Fellow
Arnold School of Public Health,

University of South Carolina
kyndallb@email.sc.edu

Chloe Wang
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Sarah Lawton 
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Kristy Burkhalter
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“…when an animal during any part 
of its embryonic career is active, 
and has to provide for itself…
the adaptation of the larva to its 
conditions of life is just as perfect 
and as beautiful as in the adult 
animal.” (Darwin 1859)

Introduction

We were all taught that mosquito 
larvae hang from the underside of 
the surface of water so that they can 
“breathe” in oxygen through their 
respiratory siphon. Ask any mosquito 
worker and they will tell you that this 
is true. This belief is so ingrained in our 
common knowledge of mosquitoes 
that we have failed to recognize that it 
might not be true. During research on 
the development of acoustic larviciding 
as a novel way to kill mosquito larvae 
using sound waves (Nyberg and Nyberg 
2001), the contradicting evidence 
that mosquito larvae do not use their 
siphons for “breathing,” as has been the 
established belief, was discovered by 
Nyberg and Muto (2020). This article 
is based on their work published in 
Nature, Scientific Reports, https://rdcu.
be/b1wFJ. 

Historical Perspective

To understand why the belief that 
mosquito larvae breathe through their 
respiratory siphon is such a universal 
truth, we need to briefly review early 
research and observations on mosquito 
larval respiration.  Enabled by the 
advent of the microscope, Marcello 
Malpighi (1628-1694), while studying 
the domesticated silkworm, identified 
that insect spiracles were respiratory 
organs. Robert Hooke’s (1635-1703) 
illustrations from Micrographia 

1665, of the respiratory siphon were 
widely viewed as well (West 2013).  In 
1897, Ronald Ross working in India 
discovered that culicine mosquitoes 
transmitted the avian malaria parasite 
and suggested that mosquitoes might 
also transmit human malaria parasites. 
His subsequent discovery that 
mosquitoes were vectors of human 
disease led to a wave of new research 
on Culicidae.

Researchers studied the extended 
submerged behavior of mosquito 
larvae. At the time it was noted that 
many species of mosquito larvae cycled 
from a resting ‘breathing’ posture 
on the surface to a fully submerged 
activity of scavenging for food on 
the bottom substrate. Some species 
of mosquito larvae could withstand 
extremely long durations of submerged 
activity, some for more than 20 days 
(Macfie 1917). August Krogh (1874-
1949), a 1920 Nobel Laureate, studied 
Corethra larvae, which were considered 
to be mosquitoes until the early 1960’s 
(Borkent and Borkent 2008).  Of 
interest to Keogh was their unique 
ability to maintain neutral buoyancy 
at mid-water column by adjusting the 
volume of their air bladders. Although 
Corethra larvae have what was 
originally labeled a respiratory siphon, 
it is a vestigial appendage and was never 
used to attach to the surface or to 
breathe air (Krogh 1911). Krogh (1911) 
made several important observations 
about Corethra larvae: (1) they source 
all their oxygen from and expel carbon 
dioxide into the water; (2) the volume 
of their air bladder changes to regulate 
buoyancy, indicating pressurization; 
and (3) the dorsal tracheal trunk (DTT) 
plays no role in respiration.

Wigglesworth (1933, 1938) wrote 
extensively on insect respiration. 
His insect of choice was larval Ae. 
aegypti. At that time, scientists with 
divergent views  questioned the need 
for mosquito larvae to breathe air and 
that the siphon was not necessary 
for respiration, which Wigglesworth 
dismissed. Wigglesworth had 
indications that mosquito larvae did 
not breathe air, but he did not arrive at 
that conclusion. He suggested that the 
first and second instars did not need 
surface respiration. He reported that 
after molting, tracheal filling (with gas) 
began at the extremities of the trachea. 
He noted that capillary action within 
the trachea could increase pressure as 
high as fourteen atmospheres.  Finally, 
he demonstrated that a significant 
amount of carbon dioxide exits from 
the exoskeleton. The amount of 
research on the molting sequence, 
especially the impact on the DTT is 
limited.  Wigglesworth and others 
reported the need for the larvae to 
come to the surface, post molting, to 
fill the DTT with air. What was not 
addressed is how the displaced liquid is 
immediately removed while no vent to 
port that liquid is present.

Contradicting 350 Years of Mosquito Larval Respiratory Dogma 
by Herbert J. Nyberg

Fig. 1. Image of Ae. aegypti post-
acoustic exposed larvae which 
led to Graham White inquiring as 
to the source of the large amount 
of gas.
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Mosquitoes belong to the infraorder 
Culiciomorpha which is made up of 
eight families (Ceratopongonidae, 
biting midges; Chironomidae, 
non-biting midges; Chaoboridae, 
Phantom midges including Corethra; 
Corethrellidae, frog-biting midges; 
Culicidae, mosquitoes; Dixidae, 
meniscus midges; Simulidae, blackflies; 
Thaumaleidae, solitary midges). 
None of Culicidae’s seven cousins are 
reported to breathe gaseous oxygen 
(Merit and Cummins 1996). Within 
the infraorder, a pressurized trachea is 
precedent. An example is the blackfly 
whose larva remains attached to a 
submerged substrate in flowing water. 
During adult emergence, it opens its 
exoskeleton and forms a bubble of gas 
surrounding the body (Metropolitan 
2022 ).  For the bubble to form around 
the body it came from, it  had to start 
at elevated pressure. This bubble is 
used during the ascent to the surface.  
This suggests that the tracheal system 
is pressurized.
 

Unexplained Results

Nyberg and Nyberg (2001) discovered 
that the tracheal system of mosquito 
larvae could be severely damaged by 

exposing larvae to acoustic energy 
in harmonic resonance with the gas 
in the tracheal system. Thus, was 
born acoustic larvicide, a novel way 
to control mosquito larvae. This 
had never previously been observed 
and has since shed new light on the 
physiology and function of the tracheal 
system in immature mosquitoes. These 
observations suggest fundamentally 
accepted theories of mosquito larval 
tracheal physiology and respiration are 
incorrect. Initial research demonstrated 
that gas within the tracheal system 
was rupturing the DTT’s. At times, 
the gas that evolved from the DTT’s 
would remain trapped within the 
larvae. Images showed large, trapped 
gas bubbles (Fig. 1) so significant that it 

begged the question where does all the 
gas come from?  Rough calculations of 
tracheal volume indicated that the 
tracheal system was pressurized. But if 
the trachea is pressurized, then when a 
larva comes to the surface and opens 
its siphon to the atmosphere, why 
does the larva not then ‘jet down’? 
Videos looking into the open siphon 
showed no water movement. Lacking 
movement, the larvae appeared to 
exhibit no respiration.

If the tracheal system was indeed 
pressurized, could this be measured? 
While optimizing the effectiveness 
of acoustic larvicide, thousands of 
specimens were acoustically exposed 
to various frequencies and power 

Figure 3. Distinctive constriction/occlusion of the Dorsal Tracheal Trunk 
(DTT).  FC = Felt Chamber. A. Aedes aegypti (with tip of respiratory 
siphon enlarged in inset); B-C. Culex pipiens respiratory siphons with 
the region of the DTT constrictions indicated by boxes; D. Post acoustic 
exposure showing a gas bubble liberated from the DTT.

Fig. 2. Example of precise acoustic 
exposure, akin to a scalpel slicing 
the Dorsal Tracheal Trunk but 
causing no other tissue damage. 



3232 Volume 33Volume 33WingWing  BeatsBeatsWinter 2022Winter 2022

levels. This produced an extensive 
database.  Analyzing this database, 
we could now precisely control the 
acoustic energy to the finite extent 
where only the DTT ruptured and 
caused no other tissue damage (Fig. 2). 
This is like using a scalpel to sever only 
the DTT.  This technique has allowed 
new ways to analyze internal tracheal 
physiology. With this understanding, 
we conducted hundreds of exposures 
and measurements. The result is that 
the tracheal system is maintained 
at high pressure. The next question 
was how is the tracheal pressure 
maintained? Close observation of the 
siphon revealed that the DTTs taper 
down and close at the interface of the 
felt chamber which is superior to the 
siphon (Fig. 3). We have labeled this 
previously unreported closure the 
“Tracheal Occlusion”. The tracheal 

occlusion is strong 
enough to maintain 
its integrity during 
exposure to acoustic 
energy. Gas typically 
was expelled into 
the abdomen. 
There were no 
observations of gas 
passing through the 
tracheal occlusion 
(Fig. 4). This tracheal 
occlusion is the 
Achille’s heel of 
the mosquito larva 
when exposed to 
acoustic energy. If 
it were open the 
energy absorbed by 
the gas would exit 
harmlessly through 
the siphon. The 
tracheal system 
is isolated and 
pressurized. It is an 
unlikely port for 
the exchange of 
metabolic gases. 
Mosquito larvae 
exposed to the 
“acoustic scalpel” 
with no other tissue 

damage were observed to survive 
for more than 20 days, supporting 
Kroph’s theory that the DTT plays no 
role in respiration.

This raises the question of how oils, 
surfactants, and monomolecular films 
kill mosquito larvae if the siphon plays 
no part in respiration. Macfie (1917) 
and Richards (1941) recognized that 
petroleum distillates are neurotoxic 
to mosquito larvae as opposed to a 
suffocating agent which takes much 
longer to kill larvae. There may also 
be a component of suffocation as 
the larval exterior could be inhibited 
from the gas exchange, but that is 
long-term.  Monomolecular films, 
such as Agnique MMF, may not be 
neurotoxic. The reported mode of 
action is mechanical and inhibits the 

larvae from assuming their posture 
of attaching to the water surface. The 
product label of petroleum surfactants 
cite suffocation as the mode of action, 
whereas the Agnique MMF brochure 
states drowning as mode of action. 
Although not breathing air, they have 
adapted to this orientation much like 
the black fly immature has adapted 
to attach to rocks. We have evidence 
to suggest that the behavior of resting 
posture near the surface is necessary 
to place the ventral fan in a stratum 
with a high concentration of oxygen 
(Nyberg and Muto 2020).

The perspective of a pressurized and 
isolated tracheal system, as well as 
mosquito larvae not having an obligate 
need to breathe air, disrupts accepted 
dogma and is deserving of further 
study. It is too early to assess the impact 
on mosquito control operations, 
however, with this new understanding 
of respiration the use of surfactants for 
control could be further optimized.  
In addition, we suggest all the insects 
within the infraorder Culiciomorpha 
have closed tracheal systems. If so, they 
may also be susceptible to acoustic 
larvicide, perhaps at a different 
frequency, and could be another tool 
for black fly control. 

Thomas Huxley, a fervent supporter 
of Darwin said, “The great tragedy 
of science – the slaying of a beautiful 
hypothesis by an ugly fact.”
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Fig. 4. Tracheal gases blocked from passing through 
the Tracheal Occlusion (TO). Note the gas (yellow 
arrow) internal to the Dorsal Tracheal Trunks is 
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and refraction of light showing spectrum colors. 
This indicates the TO restricts the movement of 
gas between the tracheal system and external 
environment. The Perispiracular Lobes (PL) are in 
a partial open condition. Ae. aegypti Felt Chamber 
(FC).
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Fig.   1. Pictogram illustrating concepts of active sensing collection and 
laser pulse return signal.

Introduction

The Lee County Mosquito Control 
District (LCMCD) is in Southwest 
Florida and was established as an 
independent taxing district by the 
Florida State Legislature in 1958. 
For the last sixty-five years, LCMCD 
has strived to be at the forefront of 
mosquito control utilizing a solid 
base of classic Integrated Mosquito 
Management (IMM) techniques while 
developing and/or refining cutting-
edge techniques sensitive to Florida’s 
unique natural habitat, researching 
more efficient and effective ways 
to combat pestiferous and disease-
carrying mosquitoes, and ensuring 
that Lee County residents can enjoy 
a comfortable and safe outdoor 
environment. Notable technologies 
developed at the LCMCD include 
producing sterile triploid grass carp 
(Cassani and Caton 1985), use of 
X-Rays as a Sterile Insect Technique 
(SIT) (Ndo et al. 2014, Yamada et 
al. 2014, Morreale et al. 2020), and 
performance-enhancing modifications 
to aerial application systems. More 
recently, LCMCD has invested in 
Unmanned Aerial Systems (UAS), 
creating a UAS department to fill 
a treatment area niche that is too 
small, inaccessible, or expensive for 
manned aircraft treatments but too 
large and time consuming for ground 
treatments. UAS are commonly 
used in mosquito control districts 
nationwide with many applications 
that have been implemented into 
IMM programs (Faraji et al. 2021). 
UAS operations in Lee County have 
provided residents with a less intrusive 
mosquito treatment option near 
homes. Current applications with UAS 
at LCMCD include generating high 
resolution imagery for areas of interest, 
precise autonomous treatment 
for mosquitoes, and acquisition of 

meteorological data. To continue 
the effort in researching emerging 
technologies as potential mosquito 
control techniques, LCMCD has 
identified Light Detection and Ranging 
(LiDAR). 

The Discovery of LiDAR

LiDAR technology has been in 
existence since the 1960s with uses in 
the fields of automation, agriculture, 
forestry, quantification of atmospheric 
components, power line inspections, 
and archaeology (Mehendale and 
Neoge 2020). The archaeological use, 
observed on the Discovery Channel’s 
Expedition Unknown, to find a lost 
Mayan City (https://www.youtube.
com/watch?v=zriNoplN1yE) concealed 
with dense vegetation led to the 
question; can mosquito control use 
LiDAR technology to find cryptic 
mosquito breeding sites? LiDAR uses 
light emitted as a pulsed near-infrared 
laser to provide precise elevation data 

and categorize surface characteristics 
based on the time it takes for emitted 
laser pulses to reflect off targeted 
surfaces back to the sensor (Fig. 1). This 
generates precise three-dimensional 
measurements of the earth's surface 
providing digital elevation models 
characterizing the earth topography, 
potentially identifying focal areas for 
larval inspections and treatments. 
Simply put, an analyst can strip away 
digital trees, brush, and grass to 
expose mosquito aquatic habitats. 
These data have a wide range of 
analytical capabilities due to their  
ability to isolate return wavelengths 
allowing for categorization of different 
environmental factors of interest. 
Its potential for insight into the 
environment cannot be understated. 
Using LiDAR to evaluate difficult-to- 
access mosquito habitats that pose 
significant challenges to aerial and 
ground visual inspectors may result 
in more precise, cost effective and 

Operational LiDAR Use at Lee County Mosquito Control District

by Aaron Lloyd, Laura Mattas, Nick Lefkow, Hubert Hagood and David Hoel







Winter 2022Winter 2022WingWing  BeatsBeatsVolume 33Volume 33 37

environmentally sound mosquito 
control applications.  

Phoenix Ranger-Ultra

LCMCD staff were first tasked with 
finding a LiDAR scanner that could 
provide a high level of accuracy, be 
flown on UAS or crewed aircraft, and 
have an exceptional field of view in 
flight. The Ranger-ULTRA (Phoenix 
LiDAR Systems, Austin, TX) checked all 
these boxes with a price point around 
$300,000 - $400,000 depending on 
options selected (Fig. 2). The Ranger-
ULTRA is an airborne laser scanner 
with an impressive combination of 
weight, range, accuracy, and pulse rate. 
It is equipped with a unique forward 
and rear looking 100⁰ horizontal field 
of view and a faceted forward and rear 
facing mirror (-10⁰, 0⁰, 10⁰) designed 

to minimize laser shadowing and 
to generate an extremely fast pulse 
repetition rate of 1.8 million precise 
data points per second with a 2-cm 
accuracy. LCMCD has used both UAS 
and helicopters as carriers for the 
LiDAR scanner. 

Proof of Concept

Cryptic larval habitats

The basis for any mosquito control 
operation is surveillance. Inspectors 
travel throughout the county via 
helicopter, truck, and foot to check 
habitats for larval 
development 
sites. Inspectors 
look for mosquito 
habitats and 
respond to service 

requests from residents. In addition 
to CDC trap routes, trap trucks 
survey the county for adult mosquito 
activity each evening during the peak 
mosquito season. The surveys are 
helpful in directing adult mosquito 
control activities. Despite our best 
mosquito surveillance and inspection 
efforts, there are key areas where larval 
habitats remain hidden and untreated. 
Our first LiDAR mission was to scan 
and create a digital elevation model 
of a 3.5 hectares site in the town of 
Lehigh Acres to identify cryptic larval 
habitats.

Historically, the Lehigh Acres site has 
recorded high numbers annually of 
adult Culex, Aedes and Psorophora, 
in addition to elevated West Nile 
Virus antibodies in sentinel chickens. 
LCMCD has deployed multiple aerial 
and ground inspectors throughout the 
mosquito season and has implemented 
sweeps with teams of inspectors to 
locate the larval habitats, without 
success. This site is difficult to access by 
ground and yields limited views by air 
due to dense vegetation. The default 
control strategy is to adulticide. 

Fig. 2. Detailed layout of the Ranger Ultra LiDAR unit.

Fig. 4. Lehigh Acres cryptic breeding site LiDAR 
image of Fig. 3 with vegetation removed exposing 
low terrain features that hold water and breed 
mosquitoes. Differences in terrain elevation are 
measured to within ± 2 cm. Dark blue features 
indicate low points for shallow water collection 
and black features show deep water collection, 
building removal, and laser shadow through 
impenetrable surfaces. 

Fig. 3. Lehigh Acres cryptic breeding site image 
collected by LiDAR.
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As a proof of concept, LCMCD tested 
a LiDAR scanner attached to an Alta-X 
UAS (Freefly Systems, Woodinville, 
WA) and conducted a 20 minute flight 
to scan the Lehigh Acres site. This 
scan generated a precise point cloud 
needed to generate a terrain model 
(Fig. 3). The model characterizes the 
elevation by color with red being the 
highest elevation (trees), dark blue 
the lowest elevation (bare earth), and 
black the presence of water. With 
several days of data processing and a 
few hours of model development, a 
bare earth terrain model of the Lehigh 
Acres site was developed (Fig. 4). 

The bare earth model revealed 
potential larval habitats that were 
easily identified as areas of concerns 
for inspectors. Specifically, the area in 
the top of Fig. 4 within the yellow circle 
revealed two separate ditches with 
low areas radiating from the ditch that 
could hold water and flood.  The next 
step was to deploy inspectors back to 
the Lehigh Acres site with the LiDAR 
generated bare earth model to ground 
truth the areas of concern. Inspectors 
used the data from the model to cut 
a trail through the dense hammock to 
the target area. Upon inspection, the 
two separate ditches with low areas 
radiating from the ditch were found 
to contain mosquito larvae. The aerial 
inspector developed a UAS treatment 
plan for the center of the hammock 
and successfully treated the mosquito 
larvae with a granular product. Since 
the Lehigh Acres site larval source has 
been identified, inspectors are able to 
respond to elevated adult mosquito 
activity and reduce the mosquito 
population with certainty.    

Summary

As technology advances, LCMCD 
will continue to explore ways in 
determining how technology can 
effectively and efficiently assist in our 
mission to protect public health. We 
are confident LiDAR can be used as 
a tool to identify cryptic or hidden 
mosquito larval habitats. Additional 
work has yielded LiDAR-generated 
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elevation models that have allowed 
LCMCD to reduce treatment polygons, 
yielding savings of $1,000 to $6,000 
(depending on product used) in 
material per treatment with a $15,000 
annual savings for multiple treatments 
in a single polygon. 

There is an overwhelming amount of 
work to be completed with cryptic 
larval habitat identification and 
treatment polygon refinement in Lee 
County. Future uses of LiDAR may 
include preseason, post season, and 
major weather event mapping of coastal 
areas to gain a greater understanding 
of environmental effects. This would 
require multiple evaluations of the 
same area, but the knowledge gained 
from precise modeling of coastal 
events on mosquito larval habitats 
could be invaluable. Finally, we plan 
to use LiDAR to visualize adulticide 
spray clouds from ground and aerial 
missions to evaluate the spray cloud 
drift through a treatment area. If 
successful, these data may lead to a 
better understanding of how to make 
adulticide treatments more precise. 

LiDAR may revolutionize the way we do 
mosquito control. Like all technologies, 
LiDAR will become less expensive over 
time and will be available to more 
districts. LiDAR will help provide 
environmentally sound precise 
mosquito control applications that 
will increase efficiency and save Public 
Health agencies time and money.
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From Where I Roam: 
DEET Remains the Gold Standard for Repelling 

Medically Important Arthropods
by Daniel Markowski  -  AMCA Technical Advisor

One of my new roles as the Technical 
Advisor is to answer emails from the 
general public submitted through 
AMCA's website, and to conduct 
news interviews for various agencies 
throughout the U.S.  One of the most 
repeated inquiries I received this past 
summer concerned repellents. Which 
ones are good?  What to avoid?  Are 
essential oils effective?  So, I thought 
it might be a good time to talk about 
repellents, in particular DEET.  DEET 
has been called the gold standard for 
repellents.  But, in recent years like so 
many tried and true products, there 
are growing concerns about its use 
and a desire to find effective, safer 
alternatives. But is DEET really unsafe 
to use?  Do most people really know 
what DEET is?  

DEET, also known as N,N-diethyl-
meta-toluamide and more recently 
N,N-Diethyl-3-methylbenzamide, was 
developed and patented by the US 
Army in 1946 for use by military 
personnel and was registered for use 
by the general public in 1957 (US EPA 
1998).  Since its discovery, DEET has 
been the most effective and widely 
used repellent in use worldwide and 
remains the standard by which all other 
repellents are compared.  It is highly 
effective at repelling numerous species 
of mosquitoes, and other medically 
important arthropods including sand 
flies, black flies, chiggers, ticks, fleas, 
and bedbugs (Moore and Debboun 
2006).  However, DEET was not the first 
repellent to be used against pestiferous 
insects.

Insect repellents date to ancient times.  
Plant-based extracts that were burned 
to create smoke or applied to the skin 
were some of the first repellents used 
from the Romans to North American 

native cultures.  Smoke from insect-
repelling plants is still one of the 
most widely used means of repelling 
mosquitoes (Moore and Debboun 
2006).  Citronella oil was discovered 
to have repellent properties in 
1901 and was the most widely used 
repellent before the 1940s (Brown 
and Hebert 1997).  Also, notably, 
pyrethrum has been recognized for 
its insecticidal properties and used 
for centuries.   Pyrethrum is a natural 
plant oil that occurs in the two species 
of chrysanthemum.  Pyrethrum 
powders were used by armies from 
the time of Napoleon to World War II 
to combat head and body lice (Moore 
and Debboun 2006).  However, each 
of these early repellents had different 
drawbacks.  Perhaps most importantly, 
because many were used as spatial 
repellents, these products are relatively 
short-lived.  

During World War II, the U.S. Army 
began actively looking for a long-
lived repellent that could be applied 
to the skin or clothing and would be 
effective against a broad spectrum of 
insect pests.  With over 800,000 cases 
of malaria in U.S. troops in the South 
Pacific and the presence of scrub 
typhus (transmitted by chiggers), the 
search for an alternative repellent was 
extensive with over 7,000 potentially 
repellent compounds tested between 
1942 and 1945 (USDA 1947). Several 
compounds provided hope. Dimethyl 
phthalate (DMP), Indalone and 
ethyl hexanediol (also called Rutgers 
612) demonstrated a high level of 
repellency to mosquitoes and chiggers.  
The compounds, used alone or in 
combination, dramatically lowered the 
incidence of vector-borne diseases in 
troops (Moore and Debboun 2006). 

After World War II, the development of 
chemical repellents continued. DEET’s 
predecessor, N,N-diethylbenzamide 
(McCabe et al. 1954), was designed 
to be relatively nonvolatile (boiling 
point 280°C).  It was discovered that a 
compound’s ability to repel is related 
to the boiling point of the chemical. 
Compounds with low boiling points 
would vaporize too rapidly, leading 
to rapid degradation of the product. 
Those with high boiling points 
would not vaporize as quickly and, 
consequently, be available to invading 
pests. A boiling point between 230 and 
260°F is the most desirable range for 
effective repellents (Brown and Hebert 
1997).  N,N-diethylbenzamide was later 
determined to be a skin irritant and 
banned from use.  In 1957, DEET was 
registered by the EPA for general use 
without a restriction on the amount 
or frequency of application. Its only 
registered use since that time has been 
as an insect repellent and since its 
initial registration it has been the most 
widely used repellent in the United 
States.  

But even with this widespread use for 
decades, the question remains – is 
DEET safe?  The best answer to that 
question is the EPA interim review of 
DEET in 2014 under the Registration 
Review Program to ensure that it 
continues to meet safety standards 
based on current scientific knowledge. 
To date, the Agency has not identified 
any risks of concern to human health, 
non-target species or the environment 
(US EPA 2014).  This decision is 
based, in part, because since its initial 
registration in the 1950s, there have 
only been 46 case reports on DEET 
toxicity. Included are at least twenty-
five cases with central nervous system 
symptoms, one with cardiovascular 
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involvement, and seventeen with 
cutaneous/allergic reactions. Reported 
central nervous system symptoms 
include lethargy, confusion, acute 
manic psychosis, headaches, ataxia, 
disorientation, acute encephalopathy, 
convulsions, tremors, and seizures 
(Katz et al. 2008).  Keep in mind that 
during a relatively small timeframe, 
from 2004 to 2016, there were nearly 
650,000 cases of vector-borne disease 
in the United States (CDC 2018); and 
there are over 700,000 deaths each year 
globally attributed to vector-borne 
diseases.  It is also important to note 
that most reported adverse incidents 
related to DEET use involve overuse 
or incorrect use of the product.  As 
we all know, it is always important to 
read and follow the usage guidelines 
on the product’s label. With proper 
application, the use of DEET remains 
the most effective and an extremely 
safe repellent for repelling mosquitoes 
and other arthropods of medical 
importance.

Some believe that if a compound is a 
natural product, then it is nontoxic 
and low risk to use. On the other hand, 
synthetic chemicals, such as DEET 
and indeed most pesticides, may be 
perceived as toxic and high risk.  But the 
truth is far more complex.  As stated 
previously pyrethrum is derived from 
flowers.  And although it is recognized 
to have a low mammalian toxicity, it is 
a broad-spectrum insecticide that can 
be unsafe with improper use.  There 
is ample evidence of natural products 
(e.g., strychnine, ricin, arsenic) that have 
a much lower LD50 than DEET.  And, 
clearly, no one would consider their 
use safe.  Therefore, it is imperative to 
consider the complete toxicity profile, 
along with the intended use, before 
determining that a product is unsafe.

The safety of DEET for children stems 
from a report in the medical literature 
that between the early 1980s and late 
1990s there were 17 cases of potentially 
DEET-related encephalopathy. Most 
cases occurred in children who 
were eight or younger. While this is 

cause for concern and should not be 
ignored, it should also be remembered 
that the link between DEET and the 
sickness in these children was never 
conclusively proven, in part because 
not enough information was reported 
for epidemiologists to discern between 
DEET exposure and other potential 
causes in those cases.  Hence, it was 
concluded that the data for DEET 
toxicity in children is incomplete.  Yet, 
the final statement in the article was 
that the potential for DEET toxicity is 
high and new repellent formulations 
“should be probably” substituted for 
DEET when possible (Briassoulis et al. 
2001).  This report triggered a wave of 
fear among the public that has yet to 
subside.

The search for a DEET alternative has 
been a long one; beginning well before 
these concerns in the early 2000s. In 
the 1970s, Merck developed IR 3535 
or Merck 3535 (IUPAC name: ethyl 
3-[acetyl(butyl)amino] propanoate, a 
derivative of β-alanine (Leal 2014).  IR 
3535 has been available in Europe since 
its discovery and in the United States 
since 1999.  Although the efficacy data 
for IR 3535 has been inconsistent, it 
is an alternative to DEET.  There have 
been no recorded incidences of an 
adverse reaction to IR 3535. During 
the 1970s, more than six hundred 
synthetic compounds related to 
piperdines were investigated (Moore 
and Debboun 2006).  From this work, 
in the 1980s, Bayer developed a novel 
piperdine (1-piperidine carboxylic acid-
2(2-hydroxyethyl)-1-methylpropyleste), 
commonly called picaridin.  Picaridin 
elicits practically no dermal or eye 
irritation. The repellent efficacy of 
picaridin is greater than IR3535 and in 
some instances as good as DEET, and 
it offers protection time equivalent 
to DEET (Van Roey et. al 2014). There 
are certainly other repellents on the 
market, oil of lemon eucalyptus most 
notably.  But each new product has 
its own concerns, typically an inferior 
protection time, while attempting 
to overtake DEET as the repellent of 
choice. 
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Eight EPA-registered insect repellent 
active ingredients are currently 
approved for application to the 
skin, including DEET, picaridin, 
IR3535, oil of lemon eucalyptus, 
p-Menthane-3,8-diol (also known as 
PMD, or  menthoglycol), citronella oil, 
2-undecanone, and catnip oil.  DEET 
has reigned as the most efficacious 
and widely used repellent for six 
decades, offering excellent protection 
against ticks, mosquitoes, and other 
arthropods with an excellent record of 
safety.  There are newer compounds, 
such as picaridin, that are becoming 
increasingly popular because of their 
low toxicity, comparable efficacy, and 
customer appeal. It should be noted 
that all insect repellents are safe to use, 
when correctly applied.  Even DEET is 
safe to use on children and adults when 
used properly . The public, especially 
parents, need to be educated about 
the advantages and disadvantages of 
each product and, as always, we need 
to remind people to read the labels 
on products before use and use them 
only as directed by the manufacturer.   
Perhaps I have provided a few thoughts 
to consider as we prepare new and 
exciting educational materials this 
winter.
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