
MOSQUITO CONTROL BENEFITS AND RISKS 

Summary 

In Florida, both mosquito control and the protection of environmentally sensitive habitats 

are legislatively mandated. Mosquito control agencies and environmental land 

management agencies are required to work together to resolve any controversial issues 

that may arise by carefully weighing the risks and benefits in each situation. Clearly, 

modern mosquito control causes some environmental risks, yet it just as obviously 

provides benefits. Public health protection, improved human comfort from mosquito 

annoyance, and economic benefits are the most obvious benefits. Impacts on fish, 

wildlife, and native plants are some of the risks. There is also growing concern about the 

risks to humans from exposure to pesticides in general. These potential impacts to both 

natural communities and to humans need to be sufficiently understood to help risk/benefit 

analysis that can result in informed decision making. 

Prior to the 1980s, risk/benefit analysis of mosquito control practices usually occurred 

only when obvious adverse effects on wildlife were observed (e.g., dead birds, fish, or 

vegetation). However, many pesticides may have chronic effects on living organisms. 

Such effects can be as important to our ecosystems as acute toxicity. The 

interrelationships of organisms within an ecosystem are complex. For instance, the food 

of many marine organisms consist of small arthropods or organisms which are similar in 

size to mosquito larvae, and such organisms differ greatly in their susceptibility to 

pesticides. Some may be more sensitive to pesticides than mosquitoes. Many marine, 

estuarine, and freshwater species often share the same habitat as mosquito larvae. 

Impacting any portion of this food web may affect other parts or even the entire web. The 

current lack of knowledge concerning the biology of many non-target species and their 

community functions further complicates the problem of risk/benefit analysis. 

It is important that mosquito control agencies maintain a broad selection of tools, both 

chemical and nonchemical, to use in managing mosquito populations. Most mosquito 

control agencies have Integrated Pest Management (IPM) programs. These programs 

combine methods including source reduction, chemical, and biological control, which 

are developed to encourage a balance usage of cultural and insecticidal methodologies 

and habitat manipulations in order to minimize adverse environmental impacts. 

However, each component of an IPM program has some level of environmental risk 

associated with its benefits. Because the selection of chemicals available for both 

larviciding and adulticiding is becoming increasingly limited without many new products 

in development and because of the possibility of non-target insecticide effects, it is 

incumbent that pesticides used for mosquito control purposes be applied wisely and that 

new, more environmentally acceptable methods are developed, tested, and used as they 

become available.  

 

 



9.1 INTRODUCTION 

The use of various chemicals to attempt to control pests of humans, their crops, and their 

animals has been documented since the early Greeks. Homer described how Odysseus 

fumigated the house with burning sulfur to control pests. The Chinese used arsenic 

sulfide to kill insects (Pimentel & Lehman 1993). Yet, all these early attempts met little 

success. The use and success of chemicals drastically changed with the development of 

synthetic pesticides a little over 50 years ago. The Swiss chemist Paul Muller invented 

the organochlorine pesticide DDT, and the USDA lab in Orlando developed it for field 

use by the armed services. An arsenic compound (Paris Green) was used in Florida for 

larval control during the 1960s.  

Many synthetic pesticides developed shortly before, during, and after World War II were 

tried. As they became available, scientists applied these chemicals for the control of 

insects and other pests in many situations in both public health and agricultural. In the 

early years of the expanded use of synthetic pesticides, their effectiveness, just like 

antibiotics, was so dramatic that their development was considered miraculous. As a 

result, these chemicals were widely and often indiscriminately applied. While some 

people questioned such a widespread use of pesticides, even more praised them. At that 

time, research had not yet documented the possible environmental, ecological, or human 

hazards of these materials. What people did know throughout the world was that 

chemical control of mosquitoes and other pests significantly reduced human illness and 

death and greatly improved human comfort.  

The Bureau of Economic and Business Research (1994) data estimates that from 1890 to 

1990, Florida's population increased by over 3000%. There is little doubt that 

implementation of both physical and chemical mosquito control techniques aided in the 

development and utilization of areas that previously were not considered acceptable for 

human habitation. Certainly, Florida's explosive growth in coastal areas after WWII was 

due in large part to the use of synthetic pesticides and physical methods to control 

mosquitoes. Much of this development occurred, and is continuing to occur, adjacent to 

environmentally sensitive land. Some of these environmentally sensitive lands, by their 

nature, periodically produce large numbers of mosquitoes. This increases the pressure on 

mosquito control districts (MCD) to provide relief from these biting pests through 

physical (e.g., impounding, ditching) and/or chemical means. 

The risks involved with pesticide use were not widely questioned until the early 1960's 

when Rachel Carson published Silent Spring. This and other studies and publications 

increased public awareness of issues such as: 1) Acute and chronic pesticide impacts to 

humans, wildlife, and other non-target species, 2) the persistence of certain pesticides in 

the environment, and 3) the transport of pesticides outside target areas, which can cause 

unintended environmental damage. Mosquito control contributes to these environmental 

problems, but compared to agricultural methods and materials, mosquito control 

pesticides are applied at lower dosages (Ohio Vector News, Dec. 1990) and in smaller 

amounts. The primary environmental difficulty with the use of mosquito control 



chemicals is that often pesticides are applied directly into residential areas and into 

sensitive natural environments. 

The need for mosquito control in Florida to provide economic, public health, and comfort 

benefits is not an issue. This issue was decided when the Florida Legislature first wrote 

and then rewrote, mosquito control's mandate statutes (Chapter 388, Florida Statutes). 

The issue is how much, where, and what type of control is needed for a specific area. 

Mosquito control is currently regulated federally by the U.S. Environmental Protection 

Agency (USEPA), which is responsible for authorizing labels for allowable chemicals. At 

the state level, mosquito control is regulated by the Florida Department of Agriculture 

and Consumer Services (FDCAS), which designates which chemicals are permitted for 

use (see Appendix IX for historical chemical use in Florida). FDCAS also oversees 

Florida mosquito control operations by making certain that they comply with Florida 

Statutes and any appropriate rules. 

MCDs and environmental land management agencies are required to work together to 

resolve any controversial issues that may arise. Both groups are required to carefully 

weigh the risks and benefits in each situation. Clearly, modern mosquito control causes 

some environmental risks, yet it just as obviously provides benefits. Public health 

protection, improved human comfort from mosquito annoyance, and economic benefits 

are the most obvious benefits. Impacts on fish, wildlife, and native plants are some of the 

risks. There is also growing concern about the risks to humans from exposure to 

pesticides in general.  

Additionally, in some locations, the widespread use of pesticides by agriculture, 

homeowners, and mosquito control has caused mosquito resistance to develop (Boike et 

al. 1989 and others). Similarly, the routine underdosing with adulticides may give rise to 

resistance. In some geographically distinct areas (i.e., island situations), spraying to 

satisfy public demand has helped lead to mosquito resistance to some chemicals. 

It is vitally important that the risks and benefits of mosquito control practices are known 

so that a scientifically valid approach to control decisions can be made. Prior to the early 

1980s, risk/benefit analysis of mosquito control practices usually occurred only when 

obvious, adverse effects on wildlife were observed (e.g., dead birds, fish, or vegetation). 

However, many pesticides may have chronic effects on living organisms. Such effects 

can be as important to our ecosystems as acute toxicity. The interrelationships of 

organisms within an ecosystem are complex. For instance, the food of many marine 

organisms consists of small arthropods or organisms that are similar in size to mosquito 

larvae, and such organisms differ greatly in their susceptibility to pesticides (Curtis & 

Profeta 1993). Some may be more sensitive to pesticides than mosquitoes. Many marine, 

estuarine, and freshwater species often share the same habitat as mosquito larvae. 

Impacting any portion of this food web may affect other parts or even the entire web. The 

current lack of knowledge concerning the biology of many non-target species and their 

community functions further complicates the problem of risk/benefit analysis.  



Unintentional effects of source reduction practices have included: Changes in plant 

composition and abundance that affect their value as forage or shelter, changes in animal 

diversity and abundance which alter the food web, changes in competitive relationships 

between predators and prey, and increased susceptibility to disease and parasitism. An 

extreme example of unintentional pesticide impacts is that the use of some agricultural 

chemicals has altered entire ecosystems, resulting in freshwater eutrophication.  

Mosquito control practices usually focus on the monitoring of mosquito populations with 

little or no routine monitoring of non-target impacts. The difficulty and cost of 

monitoring non-target effects in the natural environment has impeded this type of work. 

In fact, it is difficult even to delineate the impacts of known highly toxic industrial 

compounds in the wild, even though these chemicals might kill most test animals in the 

laboratory. Ideally, long-term goals are:  

• Identifying key non-target indicator species to monitor on a routine basis 

• Placing more emphasis on non-chemical techniques to control mosquitoes in order to 

reduce potential non-target impacts 

• Stressing public education, especially in areas with naturally high mosquito populations, 

on how to avoid mosquitoes and the potential risks of chemical use and how to identify 

and clean up mosquito-producing items from their property 

However, these goals are not easily accomplished because of limited funding and because 

there are no recommended standardized testing methodologies. 

It is important that mosquito control agencies maintain a broad selection of tools, both 

chemical and non-chemical, to use in managing mosquito populations in Florida. It is 

also important that the potential impacts to both natural communities and to humans are 

understood sufficiently to help in risk/benefit analysis that can result in informed 

decision-making. For the most part, since 1949, mosquito agency activities have been 

directed primarily towards nuisance mosquitoes, those which are of economic importance 

but do not transmit diseases to humans. However, mosquito vectored diseases are on the 

rise worldwide and may become a threat in Florida again.  

9.2 INTEGRATED PEST MANAGEMENT (IPM) 

The most effective and environmentally sound pest control programs are usually based on 

a combination of methods including source reduction, chemical, and biological control. 

Using a combination of these techniques is termed an Integrated Pest Management (IPM) 

program. IPM has been developed to encourage a balanced usage of cultural and 

insecticidal methodologies and habitat manipulations in order to minimize adverse 

environmental impacts. To effectively use IPM, it is necessary to have a thorough 

understanding of the basic biology of the pest species and the many factors that influence 

their density. Because of economy and efficacy considerations, many MCDs use 

chemical applications as their primary control method. A program that relies solely on 



chemical control does not have an IPM program. However, each component of an IPM 

program has some level of environmental risk associated with its benefits. 

9.3 MOSQUITO CONTROL INSECTICIDES: PAST AND PRESENT 

The synthetic pesticides used for mosquito control over the years have varied greatly in 

structure, toxicity, persistence, and environmental impact. These chemicals include the 

following: 

Organochlorines -- Today, no organochlorine pesticides are used for mosquito control in 

Florida. However, methoxychlor is still labeled for mosquito control use. Some 

organochlorines that were formerly used for mosquito control because of their high 

arthropod toxicity included DDT, BHC, chlordane, heptachlor, aldrin, and dieldrin. 

Organochlorines are relatively non-soluble in water and very persistent in soils; they 

bioaccumulate in fat and other lipids (lipophilic). Largely, it was these lipophilic 

properties that resulted in organochlorines no longer being labeled for use in the U.S. 

Organochlorines continue to be used for agricultural and mosquito control in developing 

countries. Many soils and rivers are still contaminated with residues of the most 

persistent of these compounds (i.e., DDT, endrin, dieldrin) (White & Krynitsky 1986), 

and they continued to be detected in wildlife a decade ago (Risebrough 1986).  

Organophosphates (OP) -- Although OPs are generally less persistent than 

organochlorines, some have higher acute toxicities, both for mammals and other 

organisms (Pimentel & Lehman 1993). Currently recommended OP compounds are the 

adulticides malathion, fenthion and naled and the larvicide temephos. These compounds 

have relatively low mammalian toxicity and most usually break down rapidly; however, 

some breakdown products are also toxic. 

Pyrethroids -- Pyrethroid insecticides are based on the chemical structure of a group of 

naturally occurring compounds, pyrethrums, derived from a flower native to Africa. 

Products extracted from these flowers have been used for thousands of years and are still 

used today but are extremely expensive. Artificially created pyrethroids used today in 

Florida for mosquito control are resmethrin, permethrin, and sumithrin. Synthetic 

pyrethroids are more persistent than natural pyrethrums and in a few cases are more 

persistent than OPs. Pyrethroids are broad-spectrum toxicants that are very toxic to fish, 

aquatic organisms and most other cold-blooded animals. Due to their high and broad 

range of toxicity to insects, they may affect beneficial species, thereby lessening natural 

controls, and for some pests may actually increase the need for further chemical control 

(Edwards 1993). However, to date, a need for increased chemical control because of 

pyrethroid use for mosquito control has not been demonstrated.  

Carbamates -- No carbamates are currently used for mosquito control in Florida. The only 

carbamate formerly used for Florida mosquito control was propoxur. Carbamates are 

broad-spectrum, tend to be more persistent than organophosphates in soil, and thus have 

the potential for considerable environmental impact (Edwards 1993).  



Insect Growth Regulators (IGR) -- IGRs interfere with insect development typically 

resulting in larval or pupal mortality. For more than 20 years, the insect growth regulator 

methoprene (Altosid
®

) has been a widely used mosquito larvicide in Florida and 

elsewhere in the world. Methoprene is specific to immature insect larvae, especially 

dipterans, which include mosquitoes. Methoprene has extremely low mammalian 

toxicity. Diflubenzuron (Dimilin
®

), a chitin inhibitor, has much broader non-target 

impacts than methoprene, especially on marine and freshwater arthropods such as shrimp 

and crabs. Therefore, Dimilin is severely restricted to only certain allowable sites. Due to 

the potential for non-target impacts, it is not widely used. 

Biologicals -- Bacillus thuringiensis israelensis (Bti) and B. sphaericus (Bs) are both 

bacterial larvicides (acting as stomach poisons) that are quite specific to mosquito larvae 

and a few other aquatic dipterans. Bti is used worldwide. Bs is newly labeled and only 

effective in freshwater habitats. Both are non-toxic to mammals and exhibit few or no 

non-target effects. 

9.4 BENEFITS OF MOSQUITO CONTROL 

9.4.1 Mosquito Control for Pest Species 

A benefit of mosquito control that has greatly contributed to Florida's growth is the 

tremendous progress made in controlling pestiferous mosquito species, especially those 

that breed in coastal marshes. Although many of these pest mosquitoes do not present a 

threat of disease transmission to humans, they significantly affect human comfort, animal 

health and the economy. Florida's tourist-recreation-based economy is dependent on 40-

50 million yearly visitors who enjoy the beaches, fishing, golfing, amusement parks, and 

the outdoors in general. Most of these visitors have little tolerance for mosquitoes. 

Tourism, the 700-800 people moving to Florida daily, and the fact that much 

development occurs near mosquito-producing environmentally sensitive habitats, puts 

increasing pressure on MCDs to maintain effective control programs.  

Perhaps the best illustration of the economic benefits of controlling non-vector mosquito 

species is the classic graph by Dr. John A. Mulrennan, Sr. showing that for the period 

1950-1967, the decline in average light trap catch for the female salt-marsh mosquito 

Aedes taeniorhynchus corresponded with increasing tourist expenditures (Breeland & 

Mulrennan 1983). It might be argued that a decline in the number of rattlesnakes could be 

plotted against increasing tourist dollars. However, the fact remains that the dramatic 

decrease in salt-marsh mosquitoes during this period resulted in the development of large 

areas of coastal Florida and a general increase in tourism (Gaiser 1980). Economic 

impacts are difficult to quantify. For instance, how does one attribute a dollar value to 

reduced comfort or irritation?  

9.4.2 Mosquito Control for Disease Vectors 

Another important benefit of mosquito control is the targeting of mosquitoes that transmit 

diseases. Since 1978, some public health and MCDs throughout the state have 



participated in a surveillance program using sentinel chickens to closely monitor for St. 

Louis encephalitis (SLE) and eastern equine encephalitis (EEE) viruses. Epidemics of 

mosquito-transmitted viruses and other human pathogens can impose severe economic 

impacts, as was evidenced by the 1990 SLE epidemic. Economic impacts of mosquito-

borne diseases have not been well documented in the past, but a need exists to improve 

this information gap in the future. However, any type of vector-borne epidemic will have, 

local and statewide, direct and indirect economic impacts that may be in the many 

millions of dollars. For example, the 1990 SLE epidemic not only caused considerable 

illness (223 confirmed cases) with 11 deaths, but also had significant economic impacts 

because many potential tourists avoided Florida. 

9.4.3 Indirect Benefits of Mosquito Control 

On Florida's central east coast, the management of high salt-marsh impoundments has 

provided good feeding opportunities for ducks and wading birds. Some marsh managers 

believe that much of the avian use of active impoundments is due to loss of habitat 

elsewhere (e.g., loss in the Kissimmee and St. Johns River flood plains due to human 

development and drainage). In agricultural settings, the suffocation of cattle by hordes of 

mosquitoes prior to modern mosquito control was documented in news reports. A wide 

cross section of domestic animals probably benefits from improved mosquito control, but 

economic data (e.g., on enhanced meat or dairy production) are not available. Likewise, 

data are not available to document benefits of mosquito control to native wildlife. Very 

likely, native animal species have adapted to high levels of mosquito biting, so any 

lowering of this biting pressure by mosquito control may have little effect on their 

success. 

9.5 RISKS OF MOSQUITO CONTROL 

9.5.1 Human Health Concerns 

A consideration associated with the overall use of pesticides, of which mosquito control 

is a part, is the potential human health risk of pesticide exposure. In the last several years, 

more evidence has been evaluated concerning the impact on humans from a half-century 

of exposure to synthetic chemicals and other environmental contaminants. Human health 

problems associated with the effects of severe exposure to organophosphorus pesticides 

include irreversible neurological defects, memory loss, mood changes, infertility, and 

disorientation (Savage et al. 1988). However, this is an example of chemical misuse, not 

a result of mosquito control applications. 

Idiopathic Environmental Intolerance (IEI), often referred to as multiple chemical 

sensitivity, is now a recognized medical phenomenon. As much as 10% of the U.S. 

population could be described as having some degree of IEI (Florida Today 1990). 

However, as yet there is no clinical medical test to demonstrate pesticide sensitivity. 

There is no reason to doubt that IEI individuals can become ill from mosquito control 

spraying; thus, mosquito control operations are potential targets for disputes with 

chemically sensitive individuals.  



FDCAS currently maintains a list of pesticide-sensitive persons in Florida. Currently only 

94 individuals are listed. IEI persons typically become ill following exposure to irritating 

agent(s). It is unknown whether this illness is physiological, psychological, or both. The 

boundaries are indistinct in either case and the illness must be acknowledged and treated. 

Only private pest control operations are legally (Chapter 482 F.S.) required to notify 

registered chemically sensitive persons prior to chemical applications. By law, mosquito 

control is not required to accommodate IEI individuals. However without exception, 

mosquito control is sensitive to their problem and provides them prior notice of spray 

operations or avoids spraying their residence.  

9.5.2 Chemical Trespass 

The concept of chemical trespass (i.e., applying chemicals to an individual or their 

property against their wishes) extends back to old Florida Statutes. However today, 

statutory law (Chapter 388 F.S.) permits the application of mosquito control chemicals in 

the public domain. The potential for conflict is obvious, and this has been the basis for 

some claims in the past (e.g., by beekeepers). 

Adulticide drift, in particular, invites claims of chemical trespass. Most agricultural labels 

specify minimal or no drift, yet mosquito control operators realize that the best control is 

achieved when there is drift. Adulticides have been shown to drift two miles and in some 

extreme instances up to five miles. Ecologically sensitive "No Spray Areas," as well as 

other sites, are candidates for inadvertent drift. One study in the Florida Keys found aerial 

thermal fog drifted 750 meters (=0.5 mile) into protected no spray zones which harbor 

endangered species (Hennessey et al. 1992). Such data suggest the need for larger buffer 

areas around no spray zones and careful attention to meteorological conditions when 

spraying to minimize drift to areas not intended for such treatment. 

9.5.3 Potential Problems of Chronic Chemical Exposure 

Problems resulting from chronic exposure to chemicals are a general public health issue, 

because everyone, is exposed daily to chemical and pesticide residues in food, water and 

air. In regard to chronic exposure to chemicals, animal endocrine and immune system 

dysfunction studies have provided evidence that synthetic pesticides and industrial 

chemicals in very low quantities, after repeated exposures, may affect these functions 

(Pimentel et al. 1993). Such chronic exposure has been associated both with decreases in 

human sperm counts and sperm abnormalities. In wildlife, a documented problem in Lake 

Apopka believed to be caused by chronic exposure to chemicals, included small genitalia 

size and sperm abnormalities in male alligators (Colborn et al. 1996). While mosquito 

control chemicals are not implicated in these instances, it is a part of the total insecticide-

use picture. However, it should be noted that organophosphates, such as malathion, have 

been used routinely for over 40 years in some Florida communities without any 

documented chronic effects. 

Since it is currently impossible to predict the long-term consequence of human exposure 

to synthetic compounds, including mosquito control agents, a prudent strategy is for 



society to reduce all unnecessary chemical applications. For mosquito control, strides 

have been made in this direction by regulations that allow pesticide applications only 

after adequate surveillance verifies its need. Mosquito control and all other industries 

applying chemicals should consider alternatives that reduce the need for chemical 

applications. This can result in decreased environmental risks. 

9.5.4 Adulticiding vs. Larviciding 

Both larvicide and adulticide chemicals may impact non-target species. Larvicides, which 

can be quite target specific (e.g., Bti, methoprene), are used in specific habitats and under 

certain conditions. Adulticides, on the other hand, are more broadly distributed by truck 

or aircraft, thus impacting both the target area and potentially other nearby areas through 

drift and possible run-off. Such movement can be a problem when the spray drifts into 

environmentally sensitive, biologically highly productive lands where adulticide 

applications are not allowed (e.g., state-owned lands). It is generally believed that 

larvicides have less environmental impact than adulticides. All MCDs should continue to 

concentrate their efforts in developing effective larval surveillance and control programs 

and minimize any adulticide drift to non-target areas. 

All industries need to continually review and improve their operations. Mosquito control 

is no exception. When larval or adult control has not worked effectively, a thorough 

assessment should be conducted so the program can be improved. Larval control will 

usually allow some mosquitoes to emerge, mostly due to the inspection program's failure 

to identify a mosquito brood or to a lack of thorough treatment coverages. Likewise, 

adulticiding is by no means 100% effective. An education program to inform the public 

that at least some mosquitoes are to be expected in Florida is warranted. 

9.5.5 Risks of Adulticiding 

Adulticides are dispersed primarily as ultra low volume (ULV) sprays from the ground or 

air, with the sprays capable of drifting long distances. In some areas, thermal fogs, with 

even greater drift potential, are still applied aerially. Adulticides used in Florida are 

primarily organophosphates: Malathion (Fyfanon
®

), naled (Dibrom
®

), fenthion 

(Baytex
®

), or synthetic pyrethroids (resmethrin or permethrin, synthetic pyrethroids 

typically synergized with piperonyl butoxide). They are dispersed late in the evening or 

early in the morning during periods of highest mosquito activity and most favorable 

meteorological conditions.  

In recent years, some politicians and private interest groups have become increasingly 

vocal in their concerns about potential human and environmental hazards associated with 

the use of chemicals to control mosquitoes, especially aerially applied adulticides. Some 

of these concerns have merit, while others are based entirely on heresay and inaccurate 

press. This has generated greater accountability by MCDs when applying insecticides, 

and some tighter environmental restrictions have occurred at the federal and state levels. 

It is hoped that in the future truly effective alternative strategies, such as biological 

control agents and non-chemical larvicides, will be available to mosquito control. 



However, from a chemical company's perspective, the mosquito control market is 

relatively small, frequently not providing adequate economic incentive to allocate the 

tremendous costs (easily tens of millions of dollars) necessary to develop and receive a 

label for a new and safer product. 

9.5.5.1 Bees 

At times, an adversarial relationship has existed between Florida mosquito control and 

beekeepers. Acute problems usually include bee kills. Chronic problems of bee exposure 

to sublethal amounts of organophosphates can be a general decline in hive vigor and/or a 

loss of feeding ability with death following some hours later (Atkins 1975). Agricultural 

spraying probably accounts for more bee kills than does mosquito adulticiding. Bee 

exposure to ground mosquito adulticiding is minimal because ground ULV operations are 

almost always conducted after the evening or before the morning crepuscular periods. 

However, under certain conditions, aerial adulticiding sometimes occurs before or after 

these periods and therefore can be an increased threat to bee populations. Nevertheless, 

bees are very sensitive to organophosphates, and extensive kills from mosquito control 

have been documented.  

The incidence of conflicts between beekeepers and MCDs peaked in the 1980s and has 

declined in recent years. In some parts of Florida, mosquito control programs are now 

required to notify beekeepers in advance of spray operations, leaving the beekeepers the 

option of covering or moving hives. The state has distributed to beekeepers a state map 

depicting where most aerial operations occur. An update of this map is probably in order, 

due to the increase in aerial operations.  

9.5.5.2 Other Pollinators 

Other pollinators less well known than the honeybee may be impacted by adulticiding. 

Perhaps 65% of flowering plants depend upon insect pollination, with many plant species 

relying upon a specific insect species. For example, certain endangered Cereus cacti in 

the Florida Keys rely upon as-yet-unidentified nocturnal pollinators. The impact of 

adulticides on the nocturnal insect fauna, both flying and non-flying, has not been well 

documented. Non-target impacts could well be far beyond what we expect. This is an 

area worthy of further study. 

9.5.5.3 Insectivores 

Since impacts of adulticiding on the insect fauna are not well quantified (Stevenson 

1980), the effects of mosquito control on insectivores are largely unknown. Decline in 

songbird numbers has been blamed on mosquito control spraying from time to time (both 

via direct toxicity and loss of insect food source), but the evidence is circumstantial, and 

habitat loss is probably a more important factor. Concerning night flying insectivores 

documented to feed on adult mosquitoes (e.g., bats), pesticide effects are unknown. Some 

impacts to diurnal insectivores (e.g., dragonflies) apparently via pesticide contact have 

been documented (Stevenson 1992). 



9.5.6 Risks of Larviciding 

Controlling a brood of larval mosquitoes, when concentrated in the water, is easier and 

more efficient than controlling dispersed adults. Some of the environmental risks 

associated with the use of larvicides include both direct and sublethal toxicity to non-

target organisms, and in some instances, the loss of mosquito larvae as prey. However, 

using biorational materials (e.g., Bti, methoprene) minimizes non-target effects because 

of the specificity of these materials. In fact in the case of methoprene, since mortality 

generally occurs during the pupal stage but not as larvae, larvae remain present as a prey 

source. Given the periodic, huge biomass of salt marsh mosquitoes (potentially millions 

of larvae per ac.) produced before source reduction and larviciding were implemented, 

the loss of this food source to aquatic insectivores must have some as yet unidentified 

consequences. Harrington and Harrington (1961, 1982) have shown that a few species of 

fish are capable of dietary shifts following impoundment when mosquito broods were lost 

as a food source.  

9.6 SOURCE REDUCTION 

Permanent mosquito control (=source reduction) ranges from efforts as simple as 

collecting discarded tires to habitat-altering measures for the control of salt-marsh 

mosquitoes. Several source reduction techniques for salt-marsh mosquito control are 

presently used.  

Ditching is most effective where daily tides flush the potential breeding sites on the 

marsh. Ditching also can function by dewatering mosquito-producing depressions before 

adults emerge or by allowing larvivorous fish access to these low areas. In some 

instances, ditching can also enhance the biological productivity of the marsh. While 

ditching can be effective for mosquito control, it can also create larval habitat for 

sandflies (Culicoides spp.), insects which are difficult to control and frequently perceived 

as much more annoying than mosquitoes.  

Impounding became popular along the Indian River Lagoon in the 1950s and 1960s when 

dikes were built around approximately 42,000 acres of high salt marsh to allow for their 

seasonal flooding. This technique became the most effective and economically feasible 

approach to salt marsh mosquito control on Florida's central east coast. Although early 

impounding efforts virtually eliminated the need to larvicide and greatly decreased the 

need for adulticiding, the environmental consequences were: 1) High mortality of the 

native marsh vegetation and 2) the isolation of thousands of acres of salt marshes, a 

necessary habitat for the development of many important marine species (e.g., fish, 

crustaceans, mollusks), which negatively affected a multibillion dollar commercial and 

recreational fishery. 

When not properly planned, salt marsh source reduction methods can negatively affect 

the marsh by interrupting floral, faunal, and detrital movement between the marsh and 

estuary and lowering plant and animal biodiversity. Because of the migratory nature of 

many estuarine fishery species, birds, and invertebrates, such changes have the potential 



of altering faunal populations not only in the impacted marsh but throughout the estuarine 

ecosystem. However, since the early 1980s, scientific research has identified improved 

water management techniques that reintegrate impounded marshes with the estuary. This 

restores many natural marsh functions while still controlling mosquito populations with a 

minimum of pesticide use. There are two salt marsh management techniques which best 

accomplish these desirable goals, and they have been aggressively implemented by 

MCDs: Rotational Impoundment Management (RIM) and Open Marsh Water 

Management (OMWM), typically utilizing rotary ditching.  

9.7 MOSQUITO CONTROL ON BIOLOGICALLY PRODUCTIVE 
STATE-OWNED LANDS 

On public lands, the legislative mandate (Chapter 258 F.S.) is to acquire and conserve for 

all time the natural values of typical portions of the original domain of the state, for the 

enjoyment, use, and benefit by the people of Florida and visitors. Most environmental 

agencies feel that any external influence that may potentially threaten the flora and fauna 

or their ecological interrelationships must be authorized with caution. Environmental 

management agencies in Florida are now pursuing an ecosystem management approach 

that considers the well-being of all ecologically interconnected organisms. Changes 

caused by the application of mosquito control insecticides and/or habitat manipulations 

are typically too rapid to allow organisms to adapt to new conditions. Therefore, most 

environmental agencies are compelled to take a conservative approach in allowing the 

control of insects on lands that they manage. 

Chapter 388.4111 F.S. mandates that the method used to control mosquitoes on 

biologically productive state lands shall impose the least hazard to fish, wildlife, and 

other natural resources protected or managed in such areas. Since adulticiding is not 

highly selective and non-target species can be adversely affected, state land managers 

believe it is contrary to the legislative mandate to adulticide biologically productive state 

lands. Other control methods, ideally biological controls (e.g., Gambusia spp. for larval 

control) or larviciding with Bti or methoprene, that are less environmentally harmful, are 

encouraged on public lands before adulticiding is authorized unless there is a threat to 

human health. State land managers believe that mosquito control on public lands by any 

means other than relying on natural predators may reduce the populations of beneficial 

predators of mosquitoes and other insects. However, while biological control is the first 

choice on state lands, it is recognized that effective biological control agents are not 

available to MCDs and that mosquitoes produced on state lands can at times severely 

bother residents living nearby. The use of the larvicides Bti and methoprene are allowed 

because, for the most part, they are target-specific. Allowing the use of these two 

mosquito control larvicides and scientifically sound source reduction practices on state-

owned lands is viewed by the state as a reasonable compromise for adhering to the 

legislative mandate regarding public land management and the demands for mosquito 

control. Understanding and some compromise by both sides are necessary to address this 

sometimes difficult issue. 

9.8 CONCLUSION 



The effects of pesticides on target and non-target organisms, wildlife, soil, and water can 

both benefit and negatively impact Florida's quality of life. Both mosquito control and the 

protection of environmentally sensitive habitats in Florida are legislatively mandated, 

needed and important to the state. Because the selection of chemicals available for both 

larviciding and adulticiding is becoming increasingly limited without many new products 

in development and because of the possibility of non-target insecticide effects, it is 

incumbent that mosquito control pesticides be applied wisely and that new, more 

environmentally acceptable methods are developed, tested and used as they become 

available. Continued dialogue between mosquito control and environmental resource 

agencies, concessions to each's interests, and additional research are necessary to make 

certain that progress on both fronts proceeds uninterrupted. 
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