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CHAPTER 1 INTRODUCTION

Learning Objectives 
 The infectious diseases of mosquitoes 
 How mosquito borne diseases affect humans 

and animals 
 How to protect yourself and animals 

Facts 
Mosquito populations are a problem throughout 
Ohio. Most are merely a nuisance and not major 
vectors of disease. A few are vectors and 
transmit disease. Arbovirus is a word used to 
refer to viruses that are caused by arthropod 
vectors. Arboviruses can affect both animals 
(including humans) and plants. In humans, 
symptoms of arbovirus infection generally occur 
3 to 15 days after exposure. The most common 
clinical features of infection are fever, headache 
and sickness. The uncommon features that can 
occur are encephalitis and hemorrhagic fever.   
 
Fortunately, only a few of the 59 species in Ohio 
transmit disease. In other states and countries, 
mosquitoes transmit Dengue, Malaria, Yellow 
Fever, and Zika. Some mosquitoes attack farm 
animals, causing weight loss and decreased milk 
production. Others transmit diseases such as 
malaria to humans, encephalitis to humans and 
horses, and heartworm disease to dogs and cats. 
Therefore, it is always advisable to protect 
yourself and pets from mosquito bites whether 
in the home, yard, park or elsewhere. 
 
Most control is usually directed for relief from 
bites and the irritating reaction that follows. 
However, disease transmission is also of 
importance. According to the Ohio Department of 
Health, between 2000 and 2009, 282 cases of 
malaria were reported in Ohio.  These cases were 
acquired in other countries. Without adequate 
human surveillance and treatment of these 
imported cases, malaria could become a serious 
problem in Ohio because the vector mosquitoes 
occur here. 

Mosquitoes that live in Ohio transmit four   types of 
encephalitis virus: LaCrosse encephalitis (LAC), St. 
Louis encephalitis (SLE), Eastern equine 
encephalitis (EEE) and West Nile Virus (WNVE). 

LaCrosse Encephalitis 
LaCrosse encephalitis virus (LACV) causes this 
disease.  Infection with LACV can lead to severe 
feverish illness, encephalitis (inflammation of the 
brain) or meningitis (inflammation of the lining of 
the brain and spinal cord).  While many people 
infected with LACV have no apparent symptoms, 
severe disease symptoms occurs most often in 
children under 16 years of age.  In rare cases, long-
term disability or death can result from 
LACV.  There is no specific treatment for LACV 
and care is based on symptoms. 
 
Most people are infected with LACV in Ohio by the 
Tree hole mosquito, Aedes triseriatus, an aggressive 
daytime biting mosquito commonly found in 
wooded areas.  LACV is endemic in Ohio.   Ohio 
has reported more human cases than any other state, 
averaging about 20 cases per year.  
 
There is no vaccine against LACV.  Reducing 
exposure to mosquito bites is the best defense 
against getting infected with LACV or other 
mosquito-borne viruses.  Families can use several 
tactics to prevent and control mosquito-borne 
diseases. Reducing risk, especially to children, can 
be done by applying repellents to children during 
daytime hours, not just evening and nighttime hours.  

Animals associated with La Crosse 
Encephalitis in Ohio: 
Mosquitoes:  Mosquitoes become infected with LAC 
primarily through taking blood meals from infected 
mammals. However, the virus can be transmitted 
from infected female mosquitoes to their eggs, 
known as vertical transmission, which results in 
infected offspring.  Because of this vertical 
transmission, LAC can persist in an area for years if 
mosquito breeding is not controlled.  
 
Squirrels and chipmunks:  Squirrels, chipmunks and 
other small mammals are amplifying hosts for LAC, 
meaning they serve as a source of infection to 
mosquitoes that bite them and humans.  
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Saint Louis encephalitis 

Saint Louis encephalitis virus (SLEV) is 
transmitted to humans by the bite of an infected 
mosquito. Most cases of SLE disease have occurred 
in eastern and central United States. Most persons 
infected with SLEV have no apparent illness. Initial 
symptoms of those who become ill include fever, 
headache, nausea, vomiting, and tiredness. 
 
 Severe neuro-invasive disease (often involving 
encephalitis, an inflammation of the brain) occurs 
more commonly in older adults. In rare cases, long-
term disability or death can result. There is no 
specific treatment for SLEV infection; care is based 
on symptoms. You can reduce your risk of being 
infected with SLEV by using insect repellent, 
wearing protective clothing, and staying indoors 
while mosquitoes are most active. If you think you 
or a family member may have SLEV neuro-invasive 
disease, it is important to consult your healthcare 
provider for proper diagnosis. 

Eastern Equine Encephalitis 
Eastern equine encephalitis virus (EEEV) is 
maintained in a cycle between Culiseta melanura 
mosquitoes and avian hosts in freshwater hardwood 
swamps.  Cs. melanura is not considered to be an 
important vector of EEEV to humans because it 
feeds almost exclusively on birds.  Transmission to 
humans requires mosquito species capable of 
creating a "bridge" between infected birds and 
uninfected mammals, such as the cattail marsh 
mosquito, Coquillettidia perturbans. 
 
There have been no reports of human cases 
contracted in Ohio.  However, the virus has been 
detected frequently over the years in mosquitoes and 
birds.  In addition, there is a history of horses 
infected with EEEV in Ohio, including a large 
equine outbreak near Killbuck Marsh Wildlife Area 
in Wayne County in the early 1990s. 
 
In humans, EEEV infection can result in one of two 
types of illness: systemic or encephalitic 
(EEE).  Systemic infections have an abrupt onset 
and are characterized by chills, fever, sickness, 
arthralgia and myalgia.  The illness lasts 1 to 2 
weeks; recovery is complete when there is no central 
nervous system involvement.  In infants, the 
encephalitic form is characterized by abrupt onset; in 
older children and adults, encephalitis is manifested 

after a few days of systemic illness.  Signs and 
symptoms in encephalitic patients include fever, 
headache, irritability, restlessness, drowsiness, 
anorexia, vomiting, diarrhea, cyanosis, convulsions 
and coma. 
 
No specific antiviral treatment for EEEV infections 
is available.  Patients with suspected EEE should be 
hospitalized, appropriate serologic and other 
diagnostic tests ordered and supportive treatment 
provided.  Approximately one-third of those who 
develop EEE die.  Many of those who survive will 
have mild to severe permanent neurologic 
damage.  Many patients with severe sequelae die 
within a few years. 
 
There is no vaccine against EEEV.  Reducing 
exposure to mosquito bites is the best defense 
against getting infected with EEE or other mosquito-
borne viruses.   

Animals associated with Eastern 
Equine Encephalitis virus in Ohio: 

Birds:  Birds are amplifying hosts for EEE.  If a 
mosquito bites an infected bird and the virus is 
transmitted to the mosquito, it may then become a 
host itself.  If the same mosquito bites a human or 
horse, it can pass the disease on to the human or 
horse.  
 
Horses:  Horses are susceptible to EEEV infection, 
and some cases are fatal.  EEEV infections in horses, 
however, are not a significant risk factor for human 
infection because horses (like humans) are 
considered to be "dead-end" hosts for the virus (i.e., 
the concentration of virus in their bloodstreams is 
usually insufficient to infect mosquitoes). The 
Association of Equine Practioners recommends 
vaccination against EEE and considers it a core 
vaccine.  
 
Mosquitoes:  Culiseta melanura mosquitoes become 
infected with EEE primarily through taking blood 
meals from infected birds in freshwater hardwood 
swamps in Ohio.  However, Cs. melanura feeds 
almost exclusively on birds and is not considered to 
be an important vector of EEE to humans or 
horses. Transmission to humans and horses requires 
mosquito species such as the cattail marsh mosquito, 
Coquillettidia perturbans, capable of creating a 
"bridge" between infected birds and uninfected 
mammals.  
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West Nile Virus (Encephalitis) 
West Nile Virus (WNV) is most commonly spread 
by infected mosquitoes that can lead to severe fever, 
encephalitis (inflammation of the brain) or 
meningitis (inflammation of the lining of the brain 
and spinal cord).  The primary vector in Ohio is the 
northern house mosquito Culex pipiens.  Mosquitoes 
become infected when they feed on infected 
birds.  Infected mosquitoes can then spread the virus 
to humans and other animals when they bite. 
 
WNE was first detected in the United States in New 
York City in 1999 and quickly spread across the 
country within a few years.  In Ohio, WNE was first 
identified in birds and mosquitoes in 2001.  The 
following year, the first human cases and deaths 
were reported.  By the end of 2002, Ohio had 441 
human cases, 31 fatalities and all but one of the 
state’s 88 counties reported positive humans, 
mosquitoes, birds or horses.  WNV is now 
established in Ohio where cases occur each year and 
seasonal epidemics can flare up under certain 
conditions in the summer and continue into the fall. 
 
Approximately 80 percent of people who are 
infected with WNV will not show any symptoms at 
all, but there is no way to know in advance if you 
will develop an illness or not.  Those who do 
develop symptoms usually do so between three to 14 
days after they are bitten by the infected mosquito: 

 Serious symptoms in a few 
people.  About one in 150 people infected 
with WNV will develop severe illness.  The 
severe symptoms can include high fever, 
headache, neck stiffness, stupor, 
disorientation, coma, tremors, convulsions, 
muscle weakness, vision loss, numbness and 
paralysis. These symptoms may last several 
weeks, and neurological effects may be 
permanent.  

 Milder symptoms in some people.  Up to 
20 percent of people who become infected 
will have symptoms that can include fever, 
headache, body aches, nausea, vomiting and 
sometimes swollen lymph glands or a skin 
rash on the chest, stomach and 
back.  Symptoms can last for a few days to 
as long as several weeks. There is no 
specific treatment for WNV infection, and 
care is based on symptoms. The easiest and 
best way to prevent WNE is to prevent 
mosquito bites. 

Animals associated with West Nile 
Encephalitis in Ohio: 
Birds:  Birds are the natural reservoir for WNV.  If a 
mosquito bites an infected bird and the virus is 
transmitted to the mosquito, it may then become a 
host itself.  If the same mosquito then bites a human, 
it can pass the disease to the human.  
 
Horses:  Horses are known as dead-end hosts of 
WNV, meaning they can become ill with WNV, but 
they do not maintain sufficient virus in the blood to 
infect either other mammals (including humans) or 
mosquitoes. American Association of Equine 
Practioners recommends vaccination against WNV 
and considers it a core vaccine. 
 
Mosquitoes:  Mosquitoes become infected with 
WNV primarily through taking blood meals from 
infected birds. However, the virus can be transmitted 
from infected female mosquitoes to their eggs, 
which results in infected offspring.  

Heartworm Disease 
Heartworm is a serious and potentially fatal disease 
of dogs and cats. The heartworm is a nematode 
(Dirofilaria immitis) that is transmitted to healthy 
dogs or cats by several species of mosquitoes. Adult 
heartworms, which reach a length of 6 to 24 inches, 
are found in the heart and pulmonary arteries of the 
dog or cats. They can cause death if left untreated. 
To reduce heartworm infections, confine dogs and 
cats indoors during periods of heavy mosquito 
activity, reduce local mosquito populations or 
consult a veterinarian for preventative drug 
treatment. The American Heartworm Society 
recommends year round administration of 
chemprophylactic drugs to prevent Heartworm 
disease in dogs and cats as well as annual antigen 
and microfilaria testing in dogs. 

AIDS and HIV 
Despite national and statewide educational 
campaigns on HIV/AIDS, many people are still 
concerned that mosquitoes can transmit the virus 
(HIV). Evidence gathered by the Centers for Disease 
Control and multiple other researchers over the last 
30+ years indicates that arthropod transmission of 
HIV does not occur.  Their research indicates that 
the arthropod borne transmission of HIV is virtually 
impossible because the amount of blood ingested 
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and carried by the mosquito is too small to hold an 
effective amount of HIV. If you would like further 
information on this subject, contact the Vector 
Borne Disease Unit of the Ohio Department of 
Health. 

Zika Virus (information from CDC) 

The Zika virus is most commonly spread to people 
by a bite from Aedes species of mosquitoes.  There 
are 3 most common forms of Zika virus transmission 
to humans 1st most common is being bit by an 
infected mosquito. 2nd is by a mother infected with 
Zika to transmit the virus to her fetus. 3rd is via 
sexual transmission.  
 
The mosquitoes that carry the Zika virus are 
aggressive daytime biters and fliers that frequent 
human habitats. However, there is no evidence of the 
Zika virus in Ohio. Any Ohio Zika cases were 
acquired elsewhere.  
 
The Zika virus is very different from most of our 
other common mosquito-borne diseases in Ohio 
because human beings are reservoirs of the disease. 
Humans are NOT dead-end host (as with West Nile 
Virus, etc.).   

 Protection from Mosquitoes 
There are several things that can be done as 
protection from mosquitoes. 
 
Use repellents:  When outdoors, use CDC 
recommended insect repellents.  Currently, 
repellents containing DEET, picaridin, IR3535 
or oil of lemon eucalyptus are the most 
effective.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Permethrin: is a repellent/insecticide that can be 
applied only to clothing and screens/nets and will 
provide excellent protection through multiple 
washes.  You can treat clothing yourself (always 
follow the directions on the package!) or purchase 
pre-treated clothing.  For best protection, it is still 
necessary to apply other repellent to exposed 
skin.    
 
Wear protective clothing:  Wear long sleeves, 
pants and socks when weather permits.  
 
Avoid peak biting hours: Avoid outdoor activity or 
use protective measures when mosquitoes are active 
(Aedes triseriatus) and Aedes albopictus mosquitoes 
are most active during daytime - from dawn until 
dusk).  
 
Install and repair screens:  Have secure, intact 
screens on windows and doors to keep mosquitoes 
out of buildings and human dwellings.  
 
Keep mosquitoes from laying eggs near 
you:  Mosquitoes can lay eggs even in small 
amounts of standing water. Aedes albopictus prefer 
artificial container and are found in many container 
kept near and around the home.  While Aedes 
triseriatus prefers tree holes, it will also lay eggs in 
artificial containers.  Keep gutters unclogged so 
water doesn’t collect. Get rid of mosquito breeding 
sites by emptying standing water from flower pots, 
buckets, barrels and tires.  Change the water in pet 
dishes, and replace the water in bird baths 
weekly.  Drill holes in tire swings so water drains 
out.  Empty children's wading pools and store on 
their sides after use. Check artificial items as small 
as bottle caps, small fold in a tarp, etc. as well.  
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CHAPTER 2 MOSQUITOES (ID and MANAGEMENT) 

Learning Objectives 
 Mosquito biology 
 The most troublesome mosquito species 
 Mosquito life cycles 
 Imported mosquitoes 

 
Characteristics 
Adult mosquitoes are small, fragile insects with 
slender bodies, one pair of narrow wings and three 
pairs of long, slender legs. They vary in length from 
3/16 to 1/2 inch (5mm to 13mm). Mosquitoes have 
an elongate proboscis with piercing mouthparts with 
which the female bites and feeds on blood. Male 
mosquitoes feed only on plant nectar. Mosquitoes 
differ from other flies in that they have an elongate 
proboscis and scales on the veins of their wings. 
Often, the lay person confuses mosquitoes with 
midges, crane flies, punkies, biting gnats and other 
flies. 
 

 
 
It is important to understand the various parts of the 
mosquito: 
Antenna: Pair of segmented appendages located on 
the head and sensory in function 

Abdomen: The posterior of the three main body 
divisions of insects. 
Eye: A compound eye consisting of many individual 
elements (ommatidia), each of which is represented 
externally by a facet. 
Femur: The biggest segment of the leg between the 
tibia and coxa. 
Head: The anterior body region which bears the 
mouthparts, eyes and antennae. 
Proboscis: The elongate straw-like mouthparts 
Tarsus: The foot, the distal part of the insect leg, 
consisting of from one to five segments. 
Tibia: The segment of the leg between the femur 
and tarsus. 
Thorax: The body region behind the head, which 
bears the legs and wings. 
Wing: An organ of flight; movable paired 
appendages with which certain insects are able to 
fly. 
 

Biology 

 
A mosquito passes through four stages in its life 
cycle. The stages are the egg, larva, pupa and adult. 
Eggs, larvae and pupae must have standing water to 
develop. There are four larval growth stages, called 
"larval instars." All larval stages resemble each 
other, except each is larger than the preceding one. 
The first stage hatches from the egg and the fourth 
stage molts to become the pupa. 
 
Mosquitoes can undergo periods of reduced 
metabolic activity called diapause. Diapause can 
occur during any stage of the life cycle – egg, larva, 
pupa, or adult. This is described as a pause in the 
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growth in the immature stages and interruption of 
the sexual activity in adults. 
   
Female mosquitoes lay their eggs on the water 
surface or above. Also in places that later become 
flooded. Eggs are elongate, about 1/40 inch (0.6mm) 
long and are dark brown or black when ready to 
hatch. Eggs are laid singly or in batches. One female 
may lay several batches of eggs. Usually, females 
require a blood meal before producing eggs. 
 
Eggs of most mosquitoes hatch within days, whereas 
others require a drying period and may remain 
dormant for many months or years. They then hatch 
within minutes or days after being flooded by water. 
Larvae hatch from the eggs and feed on of organic 
matter in the water. Most larvae come to the surface 
of the water for oxygen. The larvae are sometimes 
called "wigglers" due to their wiggling motion in the 
water. Larvae mature in seven to ten days and 
change into a pupa, sometimes called a "tumbler".  
Pupae are comma shaped forms, called tumblers 
because of their tumbling motion when disturbed in 
the water. 
 
Pupae usually transform into adults two to three 
days later. In another one to two days, females are 
ready to bite. The time required from egg hatch to 
adult may be as short as ten days or as long as seven 
months, depending on environmental conditions. 
Cool weather will delay development. Some 
mosquito species have only one generation each 
year, whereas others may have four or more 
generations each year, building to large populations 
by late summer. 
 
Adults usually remain close to the hatching areas; 
however, they can be blown by the wind for 
distances up to 40 miles. The usual range of 
migration is five to ten miles. Adult mosquitoes may 
live three weeks or more. 

Troublesome Mosquitoes in Ohio 
The pest management professional should learn to 
recognize the difference between eggs, larvae 
(wigglers), pupae (tumblers) and adults. Only 
trained specialists can tell the difference between 
mosquito species. However, knowing what species 
is causing the problem can be of great benefit in 
planning control. Some of the most troublesome 
mosquitoes in Ohio and their habits are listed as 
follows.  

 

Woodland (Aedes canadensis)  

 
This dark mosquito has the tarsi banded with 
white at both ends of the segments. It is a serious 
pest in woodlands.  
 
This is one of the first mosquitoes to appear in early 
spring. Larvae feed and grow in woodland pools 
filled by melting snows or by spring rains. It shows 
preference for pools with a bottom of dead and 
decaying leaves, although it is sometimes found in 
roadside puddles, sinkholes, wooded swamps, etc.  
 
There is one generation per year with the adults 
living for several months. Eggs are laid singly on the 
ground or above the waterline in woodland pools. 
Eggs hatch only after they have been flooded. Eggs 
are able to survive long periods of drying.  
 
Biting occurs most frequently during the evening 
hours, but can occur during the day or night. Aedes 
canadensis is a secondary vector of LaCrosse 
encephalitis in Ohio. 
 
This species overwinters in the egg stage. The eggs 
will not hatch until they are subjected to cold which 
is a state of diapause.  

 

 

 

 

Bugguide.net 
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Tree Hole (Aedes triseriatus)  

 
This mosquito species is prevalent in the United 
States. It is found in eastern and central North 
America hardwood forests. They have been found as 
far north as Ontario and Quebec and as far south as 
Texas and Florida. 
 
These black mosquitoes have silvery white scales at 
the sides of the thorax. They breed principally in tree 
holes, tires and other artificial containers.  
 
Their bites are painful.  They are most troublesome 
in the woods. They do not wander far from the 
breeding places.  
 
Eggs overwinter on the sides of tree holes and other 
containers. They hatch in the spring when water 
collects in the holes and containers: hatching appears 
to be triggered by a lack of oxygen in the 
floodwater. Eggs do not hatch all at once because 
they are influenced by a variety of environmental 
factors. Hatching can be delayed due to a high larval 
density in the water. Once eggs have hatched there 
are four instars of larval development. Larval 
development depends on higher amounts of debris 
allowing for faster development and larger adults. 
(Carpenter and La Casse, 1955; Edgerly and 
Livdahl, 1992; Ellis, 2008; Harshaw, et al., 2007; 
Khatchikian 2008) 
 
 Aedes triseriatus is the principal vector of LaCrosse 
encephalitis in Ohio. This species has several 
generations per year and overwinters in the egg 
stage. 

 

 

Multi-Habitat (Aedes trivittatus) 
 
This mosquito is of medium size. A pronounced 
characteristic is the black and white scales on the 
middle segment of the thorax.  
 

 
 
This is a floodwater mosquito. Larvae occur mostly 
in floodwater pools and temporary rain pools. 
Young larvae feed at the water surface with later 
instars spending most of their time concealed in the 
vegetation at the bottom of the pool. Larvae are 
seldom encountered.  
 
Adult emergence begins about eight days after 
hatching. Adults can be present in large numbers. 
They bite mostly in the evening and do not migrate 
far. Adults rest among shaded grasses and other 
vegetation during the daytime but bite if disturbed. It 
is a fierce biter and can be extremely annoying. This 
species overwinters in the egg stage. 

Inland Floodwater (Aedes vexans)  

 

Bugwood.org 
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This medium-sized brown mosquito has narrow 
rings of white scales on the hind tarsi and a "V" 
shaped notch at the middle of each band of white 
scales on the upper surface of the abdomen.  
 
This mosquito is very abundant and breeds in rain 
pools, floodwaters, roadside puddles and most all 
temporary bodies of fresh water. 
 
 Eggs are laid on the ground above the water line, 
hatching when flooding occurs. Larvae can be found 
in huge numbers. In receding water, up to 500 or 
more larvae are found to each pint of water. 
Development of the aquatic stages requires ten days 
to three weeks, depending on the temperature.  
 
Adults fly long distances from their breeding places 
with flights of five to ten miles being rather 
common. Adult females are vicious biters and are 
especially annoying at dusk and after dark. Adults 
live for nearly two months and are attracted to light. 
They rest during the day in shaded grass and other 
vegetation.  
 
Aedes vexans overwinters in the egg stage. It is 
considered the principal pest mosquito in Ohio and 
in many parts of the United States. It may also be a 
secondary vector of the Eastern equine encephalitis 
virus. 

Malarial Mosquito (Anopheles 
quadrimaculatus)   

 
These large, dark brown mosquitoes have four dark 
spots near the center of each wing. The tarsi are 
entirely dark.  
 
Eggs are laid singly on the water surface with lateral 
floats to keep them at the surface. One hundred or 
more eggs are laid at a time. A single female may 

lay as many as 12 batches of eggs and more than 
3,000 eggs in her lifetime. 
 
Their bites are less painful than many other 
mosquitoes and often go undetected.  
 
These mosquitoes breed chiefly in permanent 
freshwater pools, ponds and swamps that contain 
aquatic vegetation or floating debris. Common 
habitats include borrow pits, sloughs, city park 
ponds, sluggish streams and shallow margins of 
reservoirs and lakes.  
 
During the daytime, adults remain inactive, resting 
in cool, damp, dark shelters such as buildings, caves, 
under bridges, etc. Feeding occurs at night. These 
mosquitoes enter houses to feed on humans.  Cows, 
horses, mules, pigs and chickens are also attacked.  
 
Adults fly about one half mile from their breeding 
site but are not taken in light traps in great numbers.  
 
Breeding occurs throughout the summer months, 
with overwintering taking place as a fertilized adult 
female. 

Cattail Marsh Mosquito (Coquillettidia 
(Mansonia) perturbans ) 

 
The scales on the wings of this mosquito give the 
wings a "peppered" appearance. The mosquito also 
has a rounded abdomen and white bands on the tarsi 
and proboscis.  
 
It breeds in permanent water, especially marshes 
with emergent plants. Larvae and pupae attach to the 
roots and underwater stems of a wide variety of 
aquatic plants, most commonly cattails.  There may 
be more than one generation produced in a year.  
 

KiethKennedyphotoy.com 
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A very large emergence of adults usually occurs in 
May, with populations peaking in June and declining 
through July and August. It is primarily a mammal 
feeder and readily attacks humans.  
 
This species can fly long distances from its breeding 
site and is primarily a pest species in Ohio. It has 
been shown to be involved in the transmission 
cycles of California group viruses, Eastern equine 
encephalitis virus and West Nile Virus. 
 
Overwintering occurs as larvae in mud. 

Northern House Mosquito (Culex 
pipiens)  

 
These brown mosquitoes of medium size have cross 
bands of white scales on the abdominal segments, 
but are without other prominent markings. 
 
This mosquito is a vector of St. Louis, Wester 
Equine encephalitis, West Nile Virus, Heartworm 
Disease and Bird Malaria.  
 
Breeding occurs in rain barrels, tin cans, tires, storm 
sewer catch basins, street gutters, polluted ground 
pools, cesspools, open septic tanks, etc. Eggs are 
laid in clusters of 100 to 400, known as egg rafts, 
which float on the water surface. Breeding continues 
throughout the warm months of the year. One 
subspecies can survive and produce fertile eggs 
without a blood meal. 
 
Hatching occurs in a day or two in warm weather. 
Eight to ten days are needed for completion of the 
larval and pupal stages. In cooler weather during 
early spring or late fall, two weeks or more may be 
required for hatching to occur.  
 

This mosquito does not fly far, except when great 
numbers are produced. Adults are active only at 
night and can be found resting during the day in and 
around houses, outbuildings and various shelters 
near their breeding sites for development.  
 
They commonly enter houses. They are readily 
attracted to carbon dioxide (CO2) baited light traps.  
 
This mosquito overwinters as a fertilized adult 
female. 

Gallinipper Mosquito (Psorophora ciliate)   

 
This is a very large (almost 1/2 inch long), 
yellowish brown, floodwater mosquito with 
shaggy legs (long erect scales on the hind tibiae). 
It is not known to be a vector of human disease. 
 
 It is an aggressive vicious biter presenting a rather 
terrifying appearance due to its large size. When 
present in large numbers, it is a severe pest, 
attacking during the daytime as well as in the 
evening.  
 
Eggs are laid on low-lying dry land and can 
withstand drying but hatch quickly during flooding 
conditions.  
 
Larvae develop rapidly and feed on other aquatic 
insects including mosquito larvae. Fourth instar 
larvae may consume three or four other larvae in 
one day. Larvae are easily recognized since they 
are two to three times as large as most other 
mosquito species. They hang almost straight down 
from the water surface.   
 
This mosquito overwinters in the egg stage.  

 

Pasteur.fr 
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Mosquitoes Imported into Ohio 

Due to modern technology, as well as the mobility 
of today's society, Ohio is facing new threats from 
exotic mosquito species. These include Aedes 
aegypti, Aedes albopictus, Aedes atropalpus, and 
others. Most of these exotic species are imported 
when they lay their eggs in containers such as tires 
that are subsequently transported into Ohio.  

 
Asian tiger mosquito (Aedes albopictus)  

 
Aedes Albopictus known as the Asian tiger mosquito 
is an imported species. It is an aggressive biter and 
feeds on humans and other mammals. This mosquito 
has the potential to transmit numerous diseases. 
These include dengue, yellow fever, LaCrosse 
encephalitis, Heartworm disease and Zika virus. 
LaCrosse encephalitis is of particular concern to 
Ohioans.  
 
Aedes albopictus is of average size in color black 
with a white dorsal stripe down the length of its 
thorax. Distinguishing white bands are present on its 
black legs.   
 
These mosquitoes can use natural present habitats 
and artificial containers with water to lay their eggs. 
About four or five days after feeding on blood, the 
female will lay her eggs above the surface of the 
water. When rain covers the eggs with water, the 
larvae hatch. Generally larvae feed upon small 
aquatic organisms, algae, plant material and animal 
material in water-filled containers. The entire 
aquatic cycle (i.e. from egg to adult) is fairly short 
and can occur within 7-9 days. The life span for 
adult mosquitoes is around three weeks.  
  
Aedes albopictus have a short flight range, so egg 
production sites are likely to be close to where this 

mosquito is found.  
 
They overwinter in the egg stage in temperate 
climates (four seasons) but are active all year in 
tropical and subtropical locations.  

Yellow Fever Mosquito (Aedes aegypti) 

 
The Aedes aegypti is a small, dark mosquito with 
white U-shaped markings on the torso and banded 
legs. It has been detected in Ohio but is not 
established here. It does vector several diseases but 
is not established here therefore, concern is minimal.  
 
Male and female adults of this species feed on nectar 
of plants; however, females need a blood meal to 
produce eggs. Egg productions sites are within or 
close proximity to households. This mosquito is 
active during the day.  
 
The female lays her eggs above the water about 
three days after feeding. She deposits eggs during 
the day natural locations or habitats and in artificial 
containers with wide openings and containing 
organic matter. Eggs are laid over a period of several 
days, are resistant to desiccation and can survive for 
periods of six or more months. When rain water 
covers the egg the larvae will hatch. Generally 
larvae feed on small aquatic organisms, algae and 
particles of plant and animal material in water-filled 
containers. The entire immature or aquatic cycle 
from egg to adult can occur in as little as 7-8 days. 
The life span for adult mosquitoes is about three 
weeks. 
 
Aedes aegypti overwinter as eggs in cooler climates 
but does not survive freezing temperatures. Eggs and 
adults overwinter in warmer climates. 

Bugwood. org 
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CHAPTER 3 MOSQUITO 
MANAGEMENT 

Learning Objectives 
 Mosquito control programs 
 Surveys 
 Breeding site reduction 
 Protecting Honey bees 
 Controls 
 Repellents 

 
Mosquito Control Programs 
Effective mosquito control requires a well-planned 
program. Such programs are often expensive and 
complex and require the cooperation and planning of 
individual homeowners as well as from groups in 
industry, agriculture and local and state 
governments. A mosquito control program may be 
justified when it can be demonstrated that annoyance 
prevents the reasonable use of yards and gardens, or 
when health factors develop beyond the reasonable 
control of the individual property owner. 
 
Demand can be expressed in the form of petitions or 
resolutions from such agencies as garden clubs, 
women's clubs and civic or service organizations 
addressed to local authorities. If public health is 
directly involved, the request may be initiated to 
local health authorities. 

Mosquito Surveys 
Mosquito surveys are an important part of a 
mosquito management program. Surveys are used to 
determine the location of breeding sites, the species 
types present, the size of the mosquito problem and 
set the elements for the control measures.   
 
Surveys are also used to collect and test mosquitoes 
for the presence of arboviruses, thereby evaluating 
the potential for disease outbreaks and risk to the 
public health. 
 
Mosquito surveillance is comprised of two basic 
activities, 1) Identifying, mapping and monitoring 
larval habitats. 2) Monitoring adult activity. 
 
Surveys are most effective when combined with 
current programs for monitoring weather and 

environmental factors that may influence mosquito 
population change. For example, rainfall and 
groundwater levels, temperature, relative humidity, 
and wind direction and velocity, tidal changes, lunar 
cycles, storm-water and wastewater management 
and land use patterns are all factors that may 
influence mosquito population levels and adult 
mosquito flight behavior and dispersal.  
 

Breeding Site Reduction 
Water management to prevent mosquito breeding is 
essential for effective control. Eggs do not hatch 
unless they are on or in water. Tires, in particular, 
require special mention because they are primary 
breeding places for vector mosquitoes. Tires are 
often next to dwellings in close proximity to people. 
Locate standing water and eliminate if possible and 
practical. 
Follow these steps: 

 Remove tin cans, old tires, buckets, glass 
jars, broken toys and other water-holding 
containers. 

 Change the water in birdbaths and wading 
pools once a week. 

 Clean out roof gutters so that water does not 
accumulate. 

 Examine flat roofs after rains, making 
certain that no water remains more than one 
week. 

 Place tight covers over cisterns, cesspools, 
septic tanks, fire barrels, rain barrels and 
tubs where water is stored. 

 Do not over-apply lawn and garden 
irrigation, causing puddling in low areas. 

 Drain or fill stagnant water pools, puddles 
and ditches of swampy areas around the 
home. 

 Eliminate water-holding tree stumps and 
keep the grass mowed around ponds and 
other bodies of water, taking care to keep 
clippings out of water. 

 Stock ponds and reservoirs with mosquito-
eating fish such as flathead minnows, rosy-
reds, green sunfish, bluegills, guppies or any 
surface-feeding minnow for larval control. 
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In addition, predatory mosquitoes, 
Toxorhynchites spp. and mermithid 
nematodes have been used on an operational 
basis as biocontrol agents. 

 Check the water in flowerpots and other 
containers for mosquito larvae. 

 Maintain farm ponds according to good 
management practices. Excessive amounts 
of emergent aquatic vegetation will shelter 
mosquitoes. In some cases, fish, such as the 
White Amur or Grass Carp, can be used to 
clear vegetation and reduce the mosquito 
breeding capacity of the pond. Stagnant 
ponds, which are highly septic and waste 
lagoons, can also produce large numbers of 
mosquitoes. 

 Keep drainage ditches on property clean and 
flowing. 

Protecting Honey Bees 
As pollinators, European honey bees play a vital role 
in the availability of many agricultural products. It is 
imperative to both protect the health of the public 
through mosquito control programs and protect the 
population of pollinators. Both can be achieved by 
following the label directions and precautions on the 
pesticides being utilized, and by employing best 
management practices designed to protect 
pollinators.  To the extent possible, vector control 
programs and applicators should coordinate their 
activities with local beekeepers so as to minimize 
exposures of hives and individual bees to public 
health pesticides being used in mosquito control 
operations. To this end, ongoing dialogue between 
all stakeholders is encouraged and vector control 
programs and applicators, should consider doing the 
following: 

1. Register with the Ohio Sensitive Crop 
Registry (OSCR 
http://www.agri.ohio.gov/scr/Default.
aspx) and/or contact the Ohio Department 
of Agriculture (ODA) to get a listing of 
registered apiaries in your district.  
Beekeepers, including hobby beekeepers, 
are required to register with ODA. 

2. Maintain ongoing communication with your 
local beekeeper association to share 
information on pesticides used areas to be 
sprayed and notification procedures.   

3. Advertise your spray schedules as far in 
advance as possible, usually 24 hours or 
more.  Keep schedules updated on your 

website and with media.  
4. Accept "opt-out" or "no spray" requests 

from registered apiaries even before they 
have returned any required paperwork. 

5. Any daytime applications should come with 
instructions to applicators to consult the 
listing of apiary locations and to avoid 
spraying any type of flowering plants. 

Larval Control (Larviciding) 
Solving the mosquito problem primarily through 
larval control is the most logical approach of 
reducing populations. This is the only time in the 
insect’s life cycle when it is truly confined, 
concentrated and most readily controlled.  
 
When standing water cannot be eliminated from the 
premises, it should be examined each week to be 
determined whether larvae can be seen against a 
white background. Should larvae be present, a 
product should be applied at once. Products labeled 
for control of mosquito larvae should be used. 

Adult Control (Adulticiding) 
Adult control programs are necessary in disease 
situations such as encephalitis-stricken areas ULV 
applications are used because they break the disease 
cycle by elimination the adult mosquitoes which are 
spreading disease and in areas where a high density 
of pest mosquitoes occurs. The larger the area 
treated, the more successful the control. Adult 
mosquito populations can be temporarily reduced to 
less annoying levels. Ultra-low volume application 
generally is regarded as the most efficient 
Adulticiding method. 

Ultra-Low Volume Application 
Special nozzle adaptations make it possible to break 
up undiluted, specially formulated products into 
microscopic droplets that give effective coverage for 
adult mosquito control. These kinds of applications 
are known as ultra-low volume (ULV), ULV non-
thermal, cold fog or ULV aerosol. For every 50 
percent decrease in the droplet diameter of a set 
volume of product, the spray surface area is 
increased eightfold. Such applications are effective 
at these low application rates of product.  
 
The droplet size of the pesticide must be checked 
according to the manufacturer's recommendations. 
Records verifying compliance with label 
specifications must be kept for a period of 3 years. 
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Ground ULV application is usually done at 10 mph, 
using a swath width of 300 feet. Because the primary 
activity period for most mosquito species is during 
the evening (sunset) or just before sunrise, adult 
mosquito control by ULV and thermal fog is most 
effective when done during these periods when there 
is little wind to actively disperse the product. It is 
important to know the species being targeted to 
determine the proper application time. West Nile 
virus may require a nighttime application while Zika 
Virus may require a daytime application. Knowing 
the species you are targeting is important. 
 
Aerial application of mosquito adulticides is 
recommended only in extreme cases. These may 
include encephalitis epidemics or severe numbers of 
pest mosquitoes. In such cases, a ULV adulticide 
application is the method of choice because it will 
bring about an immediate reduction in the number of 
adult mosquitoes. This is especially important during 
an epidemic of EEE or SLE. Newly hatched 
mosquitoes will be virus free at least until their first 
blood meal. Killing the older infected mosquitoes 
breaks the disease transmission cycle.   

Thermal Fogging 
Fog can be effective as a space treatment against 
adult mosquitoes. Mix the insecticide in oil 
(kerosene-type oils, fuel oils, diesel oils and other 
base oils suitable for insecticide use) and apply in 
late evening, at night or early morning when the air 
is calm (less than 5 mph). Do not fog during daylight 
hours. Fogging is effective as a contact application 
with no residual effect. Frequent applications are 
needed during heavy adult mosquito migrations. 
Calibrate machines according to manufacturer's 
recommendations or to deliver 40 gallons per hour 
traveling at 5 mph to treat a swath of about 300 feet. 
If labeling directs otherwise, then follow product 
label recommendations. Operate in a manner so the 
fog drifts with the wind through the target area.   

Residual Spraying 
Residual sprays are applied in water or oil, using 
mist blowers, pump sprayers, power backpacks or 
hand sprayers. They are designed to remain active 
for several days to several weeks, but environmental 
factors such as rain, high temperatures or exposure 
to strong sunlight may reduce their longevity. When 
applied to foliage, the rate of plant growth may also 
influence the efficacy of residual sprays. Residual 
sprays can be applied as barrier treatments to tall 

grasses, weeds, shrubs, fences, and other harborages 
surrounding parks, playgrounds, residences, or even 
subdivisions to help reduce adult mosquito 
populations. For best results, target areas just before 
the period of maximum use. 
 
Mist spraying can be particularly useful because 
large areas can be treated. In some cases, it can also 
be used for larvacide application. Mist spraying is 
the application of a very fine mist of product in 
water. The fine droplets settle out faster as a mist 
than as a fog or aerosol. Mist spraying should be 
done early in the morning or evening, when wind 
velocities are less than ten mph. Avoid direct 
application to parked cars, trailers, watercraft, 
dwellings, and other non-target objects. Car finishes 
may be damaged if spray droplets are not washed off 
immediately. 

Combination Products 
Combination products contain two or more active 
ingredients. One active ingredient generally has fast 
knockdown characteristics, while a second active 
ingredient is slower acting with a longer residual 
life.  
 
Some ULV products contain more than 1 active 
ingredient. There can be ULV products that contain 
an agitator to arouse harboring mosquitoes or 
products that contain multiple ingredients for 
resistant management. 

Indoor Control 
Mosquitoes found inside the house can be controlled 
with any good household spray that is sold for 
control of flying insects indoors. Space sprays or 
aerosols containing synergized pyrethrins or 
synthetic pyrethroids are effective. 
 
Avoid contamination of food, dishes, eating utensils, 
cooking utensils and other items with these products. 
If you have pets inside make sure their food and 
utensils are not contaminated as well. 
 
Be sure to keep the windows, doors and porches 
tightly screened to exclude as many mosquitoes as 
possible.  

Repellents 
The U.S. Environmental Protection Agency 
considers products containing DEET, Picardin, and 
Permethrin as “conventional repellents.” Products 
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containing OLE, PMD or IR3535 are considered 
“biopesticide repellents.” These are either derived 
from, or are synthetic versions of plant materials. 
 
Efficacy of a repellent depends on a number of 
factors. Temperature, level of activity, amount of 
perspiration, exposure to materials which may dilute 
or remove repellent and other factors all impact the 
repellents ability to prevent bites by arthropod pests 
(mosquitoes, ticks, etc.). The concentration of 
product can also impact its efficacy. 

DEET (N, N-diethyl-m-tolua-mide or 
N, N-diethyl-3-methyl-benzamide) 
Generally, as the amount of concentration of DEET 
increases, the length of protection increases. 
Products containing less than 10% active ingredient 
have a limited range of protection (1-2 Hours), 
whereas 30% DEET would provide 4-6 hours of 
protection when applied correctly. Products 
containing DEET at 50% or above do not display 
any marked increase in efficacy. Activity and 
percent formulation are primary factors impacting 
efficacy length. DEET is a very effective repellent 
but should not be used every time as severe allergies 
can develop. 

Picardin (2-(2-hydroxyethyl)-1-
piperidinecarboxylic acid 1-
methylpropyl ester) 
Picaridin is an insect repellent that is useful to repel 
insects such mosquitoes, ticks, and chiggers. Like 
permethrin, it is a synthetic form of a naturally 
occurring compound, piperine. First used outside the 
United States, it began being distributed in the 
United States in 2005. It has been demonstrated to 
be just as effective as DEET at repelling mosquitoes. 
Some species are repelled at higher rates. Depending 
on activity level and percent formulation, it has been 
shown to have 4-8 hours of efficacy at repelling 
mosquitoes. 

Permethrin (clothing, bed nets and 
other fabric only: DO NOT APPLY 
TO SKIN) 
Permethrin should only be applied to clothing, insect 
nets or other fabric materials. It should not be 
applied directly to the skin. Temporary skin 
irritation has been reported by some individuals. 
However, no serious or long term adverse effects to 
humans are known. Though a minor exposure is 

unlikely to cause harm, care should be taken as 
concentrated permethrin can be fatal to cats.   

Oil of Lemon eucalyptus (OLE) or 
PDM (para-methane-3, 8-diol) 
Products containing oil of lemon eucalyptus (OLE), 
also known as para-methane-3, 8-diol (PMD) have 
been shown to have good efficacy at repelling biting 
mosquitos. Though the efficacy is not as good as 
Picardin or DEET, it is still quite high. Products 
using this chemical are good for those who are 
looking for a “natural” option. A 40% formulation 
provides about 6 hours of protection, though, as with 
all repellents this will vary depending upon the 
activity level of the individual. Reapplications may 
be necessary. As with all pesticides, follow label 
requirements for use. 

IR3535 (3-[N-butyl-N-acetyl]-
aminopropionic acid, ethyl ester) 
IR3535 is another chemical formulation that falls in 
the biopesticide, or “natural” pesticide formulation 
category. Some studies show this product to have a 
4-6 hour window of moderate efficacy at repelling 
mosquitoes. However, it is significantly less 
effective (10-100% less) than DEET when in a 25% 
formulation. Your activity level will affect its ability 
to repel biting arthropods and reapplications may be 
necessary. 
  
All pesticide products should be used in accordance 
with their label recommendations. Most repellent 
labels indicate they can be used on children over 2 
months of age. An infant younger than 2 months of 
age can be protected by a mosquito-net draped 
carrier, when needed. Products containing OLE are 
not labeled for use on children less than 3 years of 
age.  
 
Keep repellents away from the eyes, nostrils and 
lips. Repellents may damage plastics, nail polish and 
certain painted or varnished surfaces.  

 Read all directions before using this product. 
 Do not spray in enclosed areas (for 

aerosols). 
 Do not apply over cuts, wounds, or irritated 

skin. 
 Do not apply to eyes and mouth. 
 Do not apply to the hands of young children. 
 On children, use a product containing less 

than 20 percent DEET. 
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 Do not spray directly over the face. 
 Avoid breathing DEET aerosol. 
 Do not use near food. 

Use just enough repellent to cover exposed skin 
and/or clothing. Do not use under clothing. Avoid 
overexposure. Frequent reapplication and saturation 
is unnecessary for effectiveness. 
 
After returning indoors, wash treated skin with soap 
and water. Wash treated clothing. 
 
Some products may cause skin reactions. If you 
suspect that you or your child is reacting to this 
product, call your local poison information center. If 
you go to the doctor, take the repellent with you. 
 
An important consideration to make in the selection 
of a repellent is the amount (percent) active 
ingredient present. This can be easily determined 
because the active ingredients and percent 
concentration are presented on the label. Different 
formulations of the same product may contain 
varying percentages of active ingredients. 
 
To be sure that the product contains a sufficient 
quality and quantity of active ingredients to be 
effective, it should have an EPA registration number 
and list the active ingredients. 
 
Several area repellents are currently available and 
can be used to protect patios or yards from 
mosquitoes. The active ingredients in these products 
may include naphthalene or citronella. 

Repelling Devices and Plants 
Recent scientific evaluations of the performance of 
electronic and ultrasonic mosquito repellent devices 
have indicated that they have no significant effect on 
mosquito behavior. 
 
Electric and black light "bug zappers" are not 
effective in reducing the biting mosquito population. 
 
The scented geranium plant, Pellargonium sp., more 
commonly known as the Citrosa "Mosquito Fighter" 
plant, has little proven merit and further research is 
needed to demonstrate any mosquito repelling 
qualities that it may possess. 

Control for Livestock 
Sprays on livestock will provide only temporary 
control of mosquitoes, and applications should be 

made daily. Insecticidal treatment of pasture will 
provide limited control because mosquitoes are 
constantly migrating into the treated areas. 

General Pesticide Precautions 
 Before using a product, read the label 

carefully, for the Label is the Law 
 Follow the directions and heed all 

precautions on the pesticide container label 
 Store pesticides in plainly labeled 

containers, safely away from livestock, pets 
and children 

 Store them in a separate area where they will 
not contaminate food or feed 

 Avoid repeated and prolonged skin contact 
with the pesticide, and keep out of eyes, nose 
and mouth 

 Wash your hands and face immediately after 
applying a pesticide and before eating, 
drinking or smoking 

 Take care not to spill pesticides on skin or 
clothing. If this happens, remove 
contaminated clothing at once and wash skin 
and clothing thoroughly 

 Don’t contaminate wells, ponds or streams 
when cleaning spray equipment 

 Dispose of empty pesticide containers 
according to the label. 

Rinse Out Used Pesticide Containers 
Triple rinsing and other requirements are followed 
by commercial pesticide applicators. Triple-rinsed 
containers may be disposed of at a sanitary landfill. 
Please carefully read all labels and make sure you 
are triple rinsing your containers. Labels have 
changed in recent years which may require new and 
more stringent rinsing requirements. The label is the 
Law. 

Ohio’s Restricted Pesticides 
Under Ohio’s Pesticide Use and Applicator Law, 
certain pesticides are restricted and can only be 
obtained and used by pesticide applicators licensed 
by the Ohio Department of Agriculture.  
 
Certain restricted pesticides, when used, require that 
notification be given to occupants of lands as per the 
label. Occupants should also be informed of the 
precautions necessary for safety of humans and 
animals per label instructions. 
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CHAPTER 4 CHIGGERS 

Learning Objectives 
 Life cycle and habits 
 Problems from bites 
 Controls 

 

Facts 
Probably no creature on earth can cause as much 
torment for its size as the tiny chigger. Tiny six-
legged chigger (Trobiculiclae alfreddugesi) larvae 
attack campers, picnickers, hikers, bird watchers, 
berry pickers, anglers, soldiers, and homeowners. It 
attacks in low, damp areas where thick vegetation 
occurs, such as woodlands, berry patches, orchards, 
along lakes and streams, and even in drier places 
where vegetation is low such as lawns, golf courses, 
and parks. They are most numerous in early summer 
when grass, weeds and other vegetation are heaviest.  
 

 
Chigger mites are about 1/60 inch long, usually 
bright red with hairy bodies, and travel rapidly. The 
larval stage has three pairs of legs whereas the 
nymph and adult have four pairs of legs. There is a 
marked constriction in the front part of the body in 
the nymph and adult stage. Larvae are orange, 
yellow or light red and about 0.007– 0.008 inch.  
Eggs are globular-shaped. 

 
 

Life Cycle and Habits 
Adult chiggers overwinter near or slightly below the 
soil and in other protected places.  
 
Fertilized females become active in the spring and 
begin laying up to 15 eggs per day in vegetation 
when soil temperatures reach 60°F. Eggs hatch into 
six-legged larvae, the only stage that attacks humans 
and animals (parasitic stage). After hatching, chigger 
larvae climb onto vegetation from which they can 
more readily find a passing host. After feeding, often 
requiring one to several days, larvae drop off the 
host and molt into eight-legged nymphs that later 
molt into the adults. 
 
 Nymphs and adults feed on eggs of springtails, 
isopods, and mosquitoes. The life cycle is about 50 
to 70 days, with adult females living up to one year 
and producing offspring during this time. Multiple 
generations occur in warmer climates, whereas only 
two to three develop each season in some northern 
states. Chiggers are usually encountered in late 
spring and summer in areas where weeds and briars 
have overgrown. They lurk on grass stems, leaves, 
shrubbery, etc., usually in damp, shaded spots near 
the top of different objects close to the soil. Young 
chiggers attach themselves to the skin of people, 
domestic animals, wild animals (including reptiles), 
poultry and birds.  
 
The preferred feeding locations on people are parts 
of the body where clothing fits tightly over the skin 
such as around the belt line, waistline, under girdles 
and socks, or where the flesh is thin and or tender, 
such as the ankles, in the armpits, back of the knees, 
in front of the elbow, or the groin. 

Bites 
Chigger larvae do not burrow into the skin, nor suck 
blood. They pierce the skin and inject the host with a 
salivary secretion containing powerful digestive 
enzymes. The enzymes break down the skin cells, 
which becomes liquefied and are sucked by the 
chigger. The digestive fluids cause the surrounding 
tissues to harden forming a straw-like feeding tube 
of hardened flesh (stylostome) from which, more 
partially-digested skin cells can be sucked out. After 
the larva is fully fed in about four days, it drops off.  

Brooksville garden club 
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The chigger bites produce small, reddish welts on 
the skin accompanied by intense itching from the 
irritation of their saliva. What remains is a red welt 
with a white hard central area on the skin that itches 
severely and may later develop into dermatitis. Any 
welts, swelling, itching or fever will usually develop 
three to six hours after exposure and may continue 
for a week or longer. If nothing is done to relieve the 
itching, symptoms may continue a week or more. 
Scratching a bite may break the skin, resulting in 
secondary infection.  These symptoms often are the 
only way of learning that an outdoor area is infested 
since chiggers are so small 1/150 for larvae to 1/60 
of an inch for adults. Most adults cannot be seen 
without a magnifying glass.  
 
Chigger larvae feed on a wide variety of snakes, 
turtles, birds, and small mammals as well as humans. 
However, Chiggers are not known to transmit any 
disease in this country. 

Control Measures – Skin Care 
Clothes should be laundered in hot soapy water 
when returning from a chigger infested area. Do not 
wear clothes again until they have been laundered. 
Unlaundered clothes or those laundered in cool 
water will contain the biting chiggers to again re-

infest your skin. As soon as possible take a hot bath 
or shower and soap repeatedly. The chiggers may be 
dislodged but you will still have the stylostomes 
causing the severe itch. Scratching deep to remove  
Stylostomes can cause secondary infections. For 
temporary relief of itching apply ointments of 
benzocaine, hydrocortisone, calamine lotion, “New 
Skin, After Bite” or others recommended by your 
pharmacist or doctor.   

Prevention 
Mowing of briars, weeds, and thick vegetation and 
frequent mowing lawns low, to eliminate shade and 
moisture, will reduce chigger populations, and 
permit sunlight and air to circulate more freely. 
Reducing the number of small mammals (i.e. mice, 
voles and squirrels) can reduce chigger populations.  
 
Chigger larvae can penetrate many types of clothing, 
but high boots and trousers of tightly woven fabric 
tucked into stockings or boots help deter them. 

Products 
Treating known chigger trouble spots is quicker and 
less expensive than treating an entire area. Place six-
inch squares of black cardboard on edge in the grass 
and observe for a few minutes. Any small, yellowish 
or pinkish chiggers present will climb rapidly to the 
top of the square and congregate there. Make tests in 
10 to 12 different spots such as grass, dead leaves, 
briars, weeds, etc. Unless the entire area is infested, 
treat only the spots where control is desired such as 
grass around picnic tables, lawn chairs, or 
recreational equipment. Chiggers tend to concentrate 
in "mite islands" while nearby spots are free of them. 
They become rather inactive at temperatures below 
60°F. 
 
Outdoor sprays of products will provide control. 
Several residential products are available today that 
can be used. Only licensed pest control applicators 
can use certain formulations of products. Treat the 
grass, shrubs, and trees in lawns, parks, 
campgrounds and golf courses with heavy chigger 
infestations for two to three weeks. Before using any 
product, always read the label and follow directions 
and safety precautions. 
 

  

bitegalleryhip.com 
Chigger feeding on human 
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CHAPTER 5 TICKS 

Learning Objectives 
 How to ID ticks 
 How ticks spread disease 
 Diseases ticks carry and spread 
 Tick checks and removal 

 
Important Tick Species in Ohio 
Twelve species of ticks are known to occur in Ohio. 
The Brown dog tick, Rhipicephalus sanguineus, is 
the only species that can become established as a 
pest in homes and kennels. Three tick species are 
medically important because they are disease 
vectors: the American dog tick, Dermacentor 
variabilis; the Lone Star tick, Amblyomma 
americanum; and the Blacklegged tick (also 
commonly called the ‘deer tick’), Ixodes scapularis. 
The remaining tick species are rarely encountered. 
All ticks are parasites that feed on the blood of 
animals. 

Identification 
Not all ticks cause human disease, so it is important 
to identify the tick species properly when 
determining disease risk. Many of the species in 
Ohio, including the three of medical importance, are 
hard ticks. They are called hard ticks because they 
possess a scutum (hard plate) on their upper surface 
just behind the mouthparts. The scutum covers 
almost the entire upper surface of the adult male 
whereas it covers only the front portion of the 
female. Soft ticks lack a scutum. In Ohio, soft ticks 
are not pests of humans. 
 

 

 
Tick adults and nymphs have eight legs whereas the 
larvae (first stage) have six. Adult ticks often have 
distinct characteristics and markings, but immature 
stages are completely tan or brown and difficult to 
identify to species. All stages are round to oval 
shaped and are flattened prior to obtaining a blood 
meal. The adult female greatly increases in size after 
feeding but adult males do not. Nymphs become 
engorged, but they are much smaller than the adult 

 
Brown Dog Tick (Rhipicephalus sanguineus) 

 

 
The adult Brown dog tick is reddish brown.  Unfed 
adults are about 1/8 inch long. After feeding, the 
female is much larger (~1/2 inch long), bluish gray, 
and oval shaped. All stages of the Brown dog tick 
have a pair of small eyes.  
 
Unlike other tick species, the Brown dog tick can 
complete its entire life cycle indoors. The Brown 
dog tick is well adapted to survive in the warm, dry 
conditions inside and outside home environments. 
These ticks do not thrive in wooded areas. 
Nonetheless, they occur in grassy and bushy areas 
adjacent to homes and kennels, roadsides, and 
footpaths. Brown dog ticks rarely attach to humans. 
Rather, dogs are their preferred host. All stages of 
the Brown dog tick feed on dogs and they may 
attach anywhere on its body. 
 
Adult ticks typically attach on the dog’s ears and 
between its toes, whereas larvae (seed ticks) and 
nymphs typically attach on the dog’s back. After 

University of Florida medical entomology lab 
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feeding, they drop off the host but do not travel far. 
Brown dog ticks can complete a generation in 
approximately 60 days with optimal temperatures 
and a readily available dog host. Brown dog ticks 
can transmit Rocky Mountain spotted fever and 
several other disease organisms to dogs. 

American Dog Tick (Dermacentor variabilis) 

 
The adult American dog tick is brown with light 
grey mottling on the upper surface. The unfed adult 
female is about 3/16 inches long. After feeding, she 
expands to much larger (5/8 inches long), mostly 
gray, and oval shaped. The male, whether fed or 
unfed, is 1/8 inch long. All stages of the American 
dog tick have a pair of very small eyes. 
 
American dog ticks occur primarily in overgrown 
vacant lots, fallow farm fields, weedy roadsides, and 
edges of paths and hiking trails. The immature 
stages of this species feed on rodents and other small 
mammals. Unfed larvae and nymphs crawl about 
actively seeking a host. After feeding, larvae and 
nymphs drop to the ground where they seek shelter 
and digest the blood meal before molting (shedding 
the skin). 
 
Adults of the American dog tick are most abundant 
from mid-April to mid-July. Adult ticks feed on a 
wide variety of medium to large size mammals, such 
as raccoons, ground hogs, opossum, dogs, and 
humans. The adult tick waits on grass and weeds for 
a suitable host to brush against the vegetation. It 
then clings to the fur or clothing and crawls upward 
seeking a place to attach and feed. 
 
The adult male obtains a brief blood meal then mates 
with the female on the host. The adult female feeds 
for 7 to 10 days then drops to the ground and 

remains there for several days before laying several 
thousand eggs. The female dies shortly thereafter. 
The male remains on the host and continues to feed 
and mate for the rest of the season until his death. 
American dog ticks are the primary transmitter of 
Rocky Mountain spotted fever. They may also 
transmit tularemia. The ongoing bite of the 
American dog tick can cause tick paralysis in dogs 
and humans.   

Lone Star Tick (Amblyomma americanum) 
 

 
The unfed adult female is about 1/8 inch long, 
brown, with a distinctive silvery spot on the upper 
surface (hence the name ‘lone star’). Once fed, the 
female is almost circular in shape and 7/16 inch 
long. The male tick is about 1/8 inch long, brown, 
with whitish markings along the rear edge. All 
stages have a pair of small eyes. 
 
Lone Star ticks are common in Ohio. All stages can 
be found throughout the warm months of the year. 
This species typically occurs in shady locations 
along roadsides and meadows and near the edges of 
wooded areas. All stages crawl to the tip of low 
growing vegetation and wait for a host to pass by.  
 
Lone Star ticks are very aggressive and all stages 
feed on a variety of bird and mammal hosts, 
including humans. Lone star ticks are the primary 
transmitters of human Monocytic Ehrlichiosis 
(HME) and Anaplasmosis (HGA) infectious 
bacteriums. They also may transmit Tularemia and        
Q-fever.  

 

 

 Univeristy of Florida 

Rose Pest Control.com
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Blacklegged Tick (Ixodes scapularis) 
 

 
The lifecycle of Blacklegged ticks lasts about two 
years. They go through 4 life stages during that time. 
The larval stage of the Blacklegged tick is about the 
size of a poppy seed and nearly translucent, which 
makes it extremely difficult to see. The nymph stage 
is translucent to slightly gray or brown. Adult males 
are ~1/16 inch long; unfed females are larger (~1/8 
inch long). Both sexes are a dark chocolate brown 
color, but the rear half of the adult female is red or 
orange. When fed, they may appear gray. All stages 
lack eyes. 
 
Blacklegged ticks are found mostly in or near 
forested areas. The immature stages of this species 
feed on birds, rodents (mice, voles, chipmunks, 
squirrels, etc.) and other small to medium size 
mammals such as dogs, raccoons, opossum, etc. 
Adult Blacklegged ticks feed on large mammals, 
most commonly white-tailed deer. Hence, some 
people call them ‘deer ticks’. All stages may attach 
to humans. The Blacklegged tick (Ixodes 
scapularis), is the principal vector of Lyme disease 
in the Midwest and eastern states. Lyme is now an 
epidemic. 
 

 
 
 
 
 
 
 
 

Groundhog Tick (Ixodes cookei) 

 

 
 
The most commonly encountered Ixodes tick in 
Ohio is the Groundhog tick, Ixodes cookei which 
does not transmit Lyme disease.  
 
There are many other Ixodes ticks in the United 
States and only an expert can identify them to 
species. 
 
This tick prefers to feed on groundhogs but may feed 
on other vertebrate such as raccoons, weasels, etc.in 
Ohio.    

How Ticks Feed and Spread Disease 
The tick feeding process makes ticks very good at 
transmitting infection. Depending on the tick species 
and its stage of life, preparing to feed can take from 
10 minutes to 2 hours. When the tick finds a feeding 
spot, it grasps the skin and cuts into the surface. The 
tick then inserts its feeding tube. Many species also 
secrete a cement-like substance that keeps them 
firmly attached to the host during the meal. The 
feeding tube can have barbs which help keep the tick 
in place. 
 
Ticks also can secrete small amounts of saliva 
containing anesthetic properties so that the animal or 
person can't feel that the tick has attached itself. If 
the tick is in a sheltered spot, it can go undetected. 
 
A Blacklegged tick will attach to its host and suck 
the blood slowly for several days. If the host animal 
has certain blood-borne infections, such as the Lyme 
disease agent, the tick may ingest the pathogen and 
become infected. If the tick later feeds on a human, 

Ticksmaine.com Divescience.com
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that human can become infected.  
 
After feeding, the Blacklegged tick drops off and 
prepares for the next life stage. At its next feeding, it 
can then transmit the infection to the new host. Once 
infected, a tick can transmit infection throughout its 
life. 
 
If you remove a tick quickly (within 24 hours) you 
can greatly reduce your chances of getting Lyme 
disease. It takes some time for the Lyme disease-
causing bacteria to move from the tick to the host. 
The longer the tick is attached, the greater the risk of 
acquiring disease from it. 
 
In addition to transmitting Lyme disease, 
Blacklegged ticks are the principal vectors of 
Babesiosis and human granulocytic anaplasmosis. 
This tick species may be coinfected with several 
bacterial agents. 
 
Ticks do not jump, fly or fall out of trees. They 
reside in the low grasses and weeds waiting for a 
host to pass by. Once a host is found they cling to 
the host and move upward to attach and feed. 
Different species have different attachment location 
preferences. 
 
Not all ticks are vectors of disease. Those that are, 
transmit pathogens while feeding that cause disease. 
The pathogen could be a living organism such as a 
bacterium. 
 
The tick will cling to the host piercing the skin to 
feed. The feeding tube may have barbs that will help 
the tick stay in place. Ticks secret a cement-like 
substance that will keep them attached.  Depending 
on species, this substance may be above or below 
the skin. This can make improper removal 
hazardous. If the tick goes unnoticed it could stay 
attached feed for several days.  
 
During feeding saliva from the tick can be 
introduced into the skin of the host. If the tick 
contains a pathogen, it can be transmitted to the host 
therefore, transmission of bacterium. 

Injury 
Tick feeding often results in inflammation, swelling, 
irritation, and the potential for secondary bacterial 
infection at the feeding site. When dogs, cats, rabbits 
or chickens etc. are heavily infested, excessive blood 

loss can result in death. 
 
The risk of infection by tick-borne disease agents is 
of primary concern. Humans and dogs can become 
infected with causal agents of Rocky Mountain 
spotted fever, Lyme disease, Ehrlichiosis, 
Tularemia, and Babesiosis among others. If you 
experience fever or flu-like symptoms following a 
tick bite, immediately contact your physician. It is 
important to receive the appropriate antibiotics as 
soon as possible. 
 
When possible, save the tick that bit you or your pet. 
Place tick in a small container with rubbing alcohol. 
Take the tick with you to the doctor’s office or the 
vet’s office for proper identification and counsel. 
Dogs that become infected with a tick-borne disease 
may become lethargic and anemic; they may quit 
eating and lose weight; in some cases, they may 
become lame. A veterinarian should examine a dog 
with such symptoms. Be sure to tell the veterinarian 
if a tick bite is suspected. Bring the tick with you 
vets track Lyme disease cases in Ohio. 

Rocky Mountain spotted fever 
American and Brown dog ticks are the primary 
transmitters of Rocky Mountain spotted fever, which 
is one of the most common tick-transmitted diseases 
in Ohio.  
 
Symptoms of Rocky Mountain spotted fever appear 
3 to 12 days after tick feeding and typically include 
sudden high fever, headache, and muscle aches. On 
the second or third day of the fever, a non-itchy rash 
may develop on the wrists and ankles. The rash soon 
spreads to other parts of the body including the 
torso, palms, and soles.  
 
This disease rapidly progresses and can cause death 
if not treated with the appropriate antibiotics. Most 
fatalities can be attributed to a delay in seeking 
medical attention. Early treatment of spotted fever 
typically results in rapid recovery. 

Lyme disease 
Lyme disease is the most prevalent tick-borne 
disease of humans in the United States with 
approximately 25,000 cases reported annually.  
 
This bacterial disease is named after Lyme, 
Connecticut, where cases were first reported in 
1975. The nymph stage of the Blacklegged tick is 
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usually responsible for transmitting Lyme disease to 
humans. Blacklegged ticks are established in a least 
66 Ohio counties. There are 40 to 90 plus cases of 
Lyme disease that occur annually in Ohio. Lyme 
disease is on the rise in Ohio according to the data 
for the CDC. There were 94 confirmed cases of 
Lyme disease in Ohio in 2014. Some of these cases 
can be tracked as being acquired out of state. 
However, it is possible that infected nymphs are 
transported on migratory birds. Be alert for a red, 
ring-like rash developing at the site of a tick bite 
within 2 to 32 days. This ring-rash is key diagnostic 
for Lyme disease. Note, however, 40% of infected 
humans do not develop a ring-rash. Fever, headache, 
fatigue, or joint pain also may be symptoms of Lyme 
disease. Immediate antibiotic therapy for Lyme 
disease reduces the risk of neurological, arthritic, or 
cardiac complications developing days to years later. 
 
Ticks can be identified whether dead or alive, but 
only live ticks can be tested for disease. 

 Place the live tick in a small, tightly sealed 
container (pill bottle, film container, etc.) or 
zippered plastic bag, along with a few blades 
of green grass to provide moisture. 

 Store the tick in a cool place until it can be 
mailed submitted for identification. 

 Prompt mailing of the tick is best. Include a 
note with the collection date and the location 
and county where the tick was found. 
Indicate whether it was attached to a human 
or companion animal. 

 Contact the Ohio Department of Health’s 
Zoonotic Disease Program if you have any 
questions about ticks and testing available. 

Southern Tick-Associated Rash Illness 
(STARI) 
Many people including health providers can be 
confused as to whether the Lone Star tick causes 
Lyme. It does not. People bitten by the Lone Star 
tick can occasionally develop a rash similar to Lyme 
disease. The cause of the rash has not been 
determined however, it is not caused by Borrelia 
burgdorferi, a bactierum that causes Lyme disease. 
 
The rash may sometimes be associated with fatigue, 
headache, fever and muscle pains. In the cases of 
STARI studied to date the rash and symptoms have 
resolved following a treatment of (doxycycline) 
antibiotics. It is unknown if the antibiotic speeds 

recovery. STARI has not been linked to arthritis, 
neurologic disease or chronic symptoms. The cause 
of STARI remains unknown at this time. 

Powassan Virus 
Most of the tick vectored diseases are caused by 
bacteria. There is a disease, call Powassan Virus 
Neuro-Invasive Disease that is tick vectored by a 
virus. As of 2015 data, no cases were diagnosed in 
Ohio, but the disease has been diagnosed in 
neighboring states Pennsylvania, New York, 
Minnesota and Wisconsin. Not everyone exposed to 
the virus becomes sick. If symptoms occur they can 
include encephalitis and meningitis, inflammation of 
the brain and spinal cord. In the case of those with 
encephalitis symptoms the disease fatality rates are 
approximately 10% and permanent side effects occur 
in up to 50% of cases. There is no treatment for this 
disease, only prevention. Tick vectored diseases 
should all be considered prevention diseases as 
diagnoses and treatment can be difficult, expensive 
as well as many not be effective. Proper use of 
DEET products, permethrin treated clothing, long 
sleeves and pants, scouting and ticks checks are 
essential to prevent tick vectored diseases. 

Integrated Pest Management 
Strategies 
Prevention and Personal Protection 
Avoid tall grass and weedy areas during tick season, 
April through August. 
 

 Tuck pants into socks or boots. 
Alternatively, use masking or duct tape to 
wrap the bottom of the pant leg around the 
top of boots or shoes. Such measures 
provide a physical barrier and crawling ticks 
can be more easily detected. 

 
 Wear light-colored clothing to make it easier 

to find crawling ticks. 

 Apply a tick repellent containing permethrin 
to the socks and pant legs when going into 
tick habitat. Do not apply permethrin 
directly to exposed skin. 

 Keep dogs confined to your yard or home; 
do not allow them to roam freely. 

 Keep dogs on a leash and inspect them for 
ticks after a walk. Dogs can become infected 
with tick-borne diseases. 
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 A gravel path or border between forested 
areas on your properties and high traffic 
areas can prevent high number of ticks from 
entering your property. 

Tick Checks and Tick Removal 
Inspect for ticks periodically (every hour or so if in 
tick habitat and as soon as you leave their habitat) to 
remove them before they attach and begin feeding. 
Ticks can be found crawling on clothing and bare 
skin before attachment. Be sure to also inspect 
children and companion animals. 
 
Pay special attention to the head and back of the neck 
of humans to detect attached ticks. 
 
PROMPTLY REMOVE any ticks. Prompt removal 
of an attached tick reduces the chance of infection 
by Rocky Mountain spotted fever or Lyme disease. 
Tick attachment of several hours or more often is 
required for disease transmission. 
 
Take care not to crush or puncture the tick during 
removal. Rocky Mountain spotted fever may be 
acquired from infected tick body fluids that contact 
broken skin, the mouth, or eyes. Do NOT use a hot 
match or cigarette to remove a tick as this may cause 
the tick to burst. 
 
DO NOT apply solvents or other materials to the 
tick to “stimulate” the tick to detach. Such 
treatments can result in increased tick salivation and 
speed up disease transmission. 
 
Avoid touching a tick with bare hands. Shield your 
fingers with a paper towel, wear rubber gloves, or 
use tweezers. 
 
Grasp with a fine-tipped tweezers an embedded tick 
as close to your skin as possible (the area where the 
tick’s mouthparts enter the skin) and use steady 
pressure to pull it straight out. Do not twist or jerk 
the tick, as its mouthparts may be left in the skin. 
 
After tick removal, thoroughly disinfect the bite site 
and wash your hands with soap and water. The 
feeding lesion should be swabbed with a topical 
antiseptic to prevent secondary bacterial infection. 
 
Habitat management is essential for controlling tick 
populations. Keep your yard mowed and do not 
allow brush or leaf litter to accumulate. Tall weeds 

or grass should be mowed and brush removed to 
eliminate the habitat of tick hosts, such as the white-
footed mouse, meadow voles, and other small 
mammals. 
 
Host Removal: It is helpful to remove rodents 
harboring inside or near one’s house by using traps 
or rodenticides. 

Pesticides  
As mentioned above, products containing 
permethrin applied to the socks and pant legs are 
useful for repelling ticks if you are unable to avoid a 
tick-infested area. 
 
Dogs may be treated for ticks, and products are 
available from your veterinarian. Before using any 
over-the-counter product, it is recommended that 
you consult your veterinarian. 
 
In areas where it is necessary to control ticks in the 
rodent population, open tubes packed with 
insecticide treated cotton and placed at an 
appropriate density in the landscape can be used. 
Ticks die after contacting treated cotton that has 
been incorporated into rodent nests. 
 
Treatment of the premises outside the home should 
include grassy and brushy areas around outbuildings 
and kennels, sites where the dog rests, and 
underneath doghouses where ticks may reside during 
off-host periods. 
 
Indoor pesticide treatments should be preceded by 
sanitation efforts such as vacuuming and cleaning to 
remove debris and as many ticks as possible; this 
also allows increased penetration of an insecticide 
into cracks and crevices. Pesticide application 
indoors should target areas frequented by the dog, 
particularly it’s sleeping and resting sites where ticks 
are likely to have dropped off. Because ticks hide in 
secluded places to molt, it also is critical to treat 
cracks and crevices in the floor and walls, 
baseboards, window frames, and doorframes; around 
wall molding and hangings; and under carpet edges. 
 
The dog should be treated for ticks, preferably by a 
veterinarian, at the same time as the premises, 
outdoors or indoors, are being treated. A variety of 
pesticide products are labeled for indoor and outdoor 
treatment of ticks. 
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CHAPTER 6 FLIES 

Learning Objectives 
 Fly-vectored diseases 
 Fly vectors 
 Fly biology 
 Fly life cycles 
 Preventive measures 
 Control measures 

 
Domestic flies, are not only a nuisance by their 
presence, but are important from a human and 
animal health standpoint. House flies may spread 
diseases such as conjunctivitis, poliomyelitis, 
typhoid fever, tuberculosis, anthrax, leprosy, 
cholera, diarrhea and dysentery. They may serve as 
intermediate hosts for parasitic tapeworms on 
poultry or parasitic roundworms on horses.  

 
Certain larvae of blowflies, bottle flies, screwworm 
flies and flesh flies may feed on dead as well as 
living tissue of mammals, causing blood poisoning 
and even death, especially in sheep. Stable flies bite 
painfully, sucking blood from humans and animals. 
False stable flies do not bite, but spread certain 
diseases, whereas the lesser house flies hovers in 
mid-air in the middle of rooms. 

House Fly (Musca domestica)  

 

Adults are about 1/6 to 1/4 inch long with reddish-
brown eyes. Females are usually larger than males 
and have wider spacing between the eyes. They have 
two membranous wings; sponging or non-biting 
mouthparts; a dull gray body and four narrow black-
lengthwise stripes on the thorax. 
 
 Each female, during her three to four weeks of life, 
lays five to six batches of 75 to 150 small, white, 
oval eggs, largely in scattered garbage, that hatch in 
12 to 24 hours into creamy white larvae. Larvae grow 
and pupate in four to seven days, and the last larval 
skin, which is hard and dark brown, is called a 
puparium. This stage can last seven days, and can be 
the overwintering stage. 
 
 The life cycle from egg to adult may be from 8 to 12 
days in warm weather. A pair of flies that begin 
reproduction in April can produce hundreds of flies 
by August, if all live to be adults. This number would 
cover the earth 47 feet deep. Luckily, predators, 
parasites and other factors reduce fly populations.  
 
When feeding, house flies regurgitate some of their 
stomach contents on the food, which dissolves it. 
Then they suck it back into their stomach. They leave 
fecal deposits where they have walked. While 
walking and feeding on garbage, fecal material and 
food, flies may transfer disease organisms from both 
inside and outside their bodies. The flight range is 
from 2 to 20 miles. 

Green Bottle/Blow Fly (Lucilia sericanta) 

 

Clemson University, USDA, Bugwood.org 

Joseph Berger, Bugwood.org 
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Black Blow Fly (Phormia regina) 

 
 
Bottle and blow flies are larger than common 
houseflies. Some are characterized by metallic 
colors such as blue, green, or bronze. Adults make a 
loud, droning buzz.  
 
Females lay eggs primarily on confined garbage. 
These flies are attracted to dead animals, animal 
wounds, and feces-caked hair or wool on pets and 
farm animals. They are known to infest wounds of 
humans and animals and feast on dead flesh. During 
warm autumn days, adults may gather on door and 
window screens and later enter homes for 
overwintering.  
 
Larvae are commonly found in garbage wastes and 
pet droppings. Larval development varies by 
species, temperature, and food available prior to 
molting.                                                                                                                                                                                             
 
Larvae of screwworm flies may infest living flesh, 
especially at wound sites. Green bottle flies are seen 
on dog feces. The flight range is 3 to 10 miles. 
 
Chemical control is effective with insecticides that 
contain pyrethrins. Insecticide sprays labeled for 
home use can be purchased at grocery and hardware 
stores. These baits usually are sugar-based and 
contain a compound that attracts only adult house 
flies. Always read and follow the directions listed on 
the insecticide label.  

 

 

 

Flesh Fly (Sarcophaga spp.) 

 
 
Adults resemble overgrown house flies with three 
stripes on the thorax and a checkerboard pattern on 
their abdomen. Females deposit living maggots 
rather than eggs in decaying flesh of dead animals 
and excrement, especially dog stools. The can also 
infest living tissue (myiasis). The life cycle is about 
eight days.  

Black Garbage Fly (Hydrotaea aenescens) 

 
      
Adults are shiny black and about 2/3 the size of a 
house fly. Their life is similar to the house fly. They 
may become abundant in piles of poultry and dairy 
cattle manure. The larvae can become beneficial 
under very moist conditions by preying on other fly 
larvae, especially the housefly larva. However, 
excessive numbers of adults may become nuisance.  
 
 
 
 
 
 

 

Felinepress.com 
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Drone Fly (Syrphidae) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Adults are covered in dense, short, yellow hairs 
giving the appearance of a large honey bee. Larvae, 
known as "Rattailed Maggots," develop in polluted 
water and decaying plant matter. The life cycle from 
egg to adult is about 30 days in the summer with the 
larval stages lasting about 18 days and the pupal 
stage about 10 days. 
 

Stable Fly (Stomaxys calcitrans) 

 
Adults resemble house flies except for the slender, 
pointed, sharp beak used to pierce skin and suck 
blood. Bites are painful. These flies may transmit 
anthrax and possibly infantile paralysis, leprosy, 
surra and swamp fever. Normally an outdoor fly, it 
attacks any warm blooded animal from rats to 
humans.  
 
Females lay four to five batches of eggs, each 
containing up to 150 eggs, in rotting straw; stable 
manure; moist, spilled feed; piles of lawn clippings; 
and piles of dead weeds washed along streams. The 
life cycle is about three weeks; both males and 
females ingest blood. 

 

False Stable Fly (Muscina stabulans) 

 
 
Adults are similar to house flies, slightly larger and 
have a red mark on the back. They have sponging 
mouthparts, with females depositing eggs in animal 
manure, human excrement, tainted meals and 
decaying organic matter. Eggs develop into larvae 
that require 15 to 25 days to mature. Adults can 
transmit filth-related diseases. 

Lesser House Fly (Fannia canicularis) 

 
 
Adults are similar to house flies except they are 
smaller - 1/8 to 3/16 inch long. They have sponging 
mouthparts and feed on liquids. Male flies are 
usually seen in homes, where they hover in the 
middle of rooms. Females lay eggs in semiliquid 
organic matter such as animal and human excrement. 
The life cycle requires about 24 days. 

 

 

Mat Pound, Bugwood.org 
Mat Pound, Bugwood.org 
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Preventive 
Sanitation is the most effective and important step in 
controlling flies. All outside trash areas must be kept 
clean. Garbage should be drained and wrapped in 
plastic bags before being placed in trash receptacles 
or dumpsters outdoors. By placing garbage in bags, 
odors will be reduced, therefore attracting fewer 
egg-laying flies. (Reduce attractive odors by 
routinely scraping out and thoroughly cleaning food 
residues from garbage containers.) 
 
Use garbage cans with tight fitting lids lined inside 
with plastic bags. Locate the garbage cans or trash 
receptacles as far away from the house or building as 
possible to reduce nuisance flies nearby. Dispose of 
garbage at least twice weekly at a regular landfill, by 
incineration or burying in the soil, if local health 
regulations permit. 
 
Eliminate all potential breeding materials such as 
rotting straw or mulch, manure, garbage and animal 
excrement. Avoid having damp pet foods left 
outdoors for several days. Eliminate carcasses of 
dead animals and birds. Any potential breeding 
material should be spread out thinly in the field and 
allowed to dry to prevent fly development. 
 
Dispose of piles of old, wet, lawn clippings, leaves, 
manure stacks, old wet hay or straw bales and other 
such debris. Waste piles can be covered with black 
plastic that will heat the organic matter, preventing 
fly development. 
 
Use adequate screens of size ten mesh on windows 
and doors to prevent fly entry or 18 mesh to exclude 
mosquito-size flies. Screen doors should open 
outward and have fitted springs for tight closing. A 
double set of doors is best where adult fly 
populations are heavy. If doors are opened 
constantly, use an air stream with a velocity of 1,600 
feet per minute or more. 
 
Bead curtains are an alternative to screens in areas of 
heavy traffic. Beads should be oval with each 
string's beads offset from the next string so that the 
beads fit into each other's contours, eliminating gaps. 
Beads have been used in the past to brush flies off 
people and pets. 
 
Drain wet, low areas by using clean gravel and other 
fill. Eliminate any standing surface water through 
proper surface grade and tiling if needed. 
 

It is best and cheapest economically to replace a 100 
watt mercury vapor light (ultra violet energy) with a 
50 watt high pressure sodium vapor light or yellow 
non-insect attractant light. Place lights away from 
potential points of fly entry. 
 
At picnics and cookouts, keep foods covered and 
protected from flies until eaten. Remove fermenting 
overripe fruits from the ground. Flies may move 
several miles within a day or two, often originating 
from unsanitary sites. 
 
A simple fly swatter or folded newspaper is effective 
indoors against a few individual flies (thin wire 
stems and natural fiber head swatters are superior to 
the plastic ones). 
 
Rolls of sticky flypaper are available from most 
hardware stores. Use on back porches, garages and 
storage sheds where aesthetics are not of primary 
importance. 
 
Electric light traps are available commercially to 
capture specimens for identification, reduce some 
adult fly populations and monitor the effectiveness 
of control programs. Some traps use bait to attract 
and capture flies. 
 

Control Measures  
It is important to first collect and properly identify 
fly specimens in order to control them. Proper 
identification will aid in determining the fly biology 
and potential breeding sites. Collect several 
specimens and determine which species you will be 
controlling.  

Fly Control 
There are three different control methods you can 
use to control or suppress fly populations. They are 
cultural, biological and chemical. It is best to use all 
three methods. 

Cultural Control 
Cultural control means changing the environment to 
prevent pests from developing. The best cultural 
method is to properly dispose of any organic matter, 
such as vegetable or other food by-products, where 
flies might lay eggs.  
 
Another cultural method is to keep flies out of 
homes, businesses and other buildings by keeping 
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windows screened and doors closed placing exhaust 
(blower) systems above doors installing doors that 
open and close mechanically. Sticky traps and 
ultraviolet light traps placed around buildings also 
can reduce fly populations. Hang resin strips 
(flypaper) in infested areas where there is little or no 
air movement. A rule of thumb is to place one 10-
inch strip per 1,000 cubic feet of space. Install the 
fly strips within 6 feet of the floor because most fly 
activity is near the ground. The strips are effective 
for up to about 3 months or until completely 
covered.  
 
Install light traps where they cannot be seen by flies 
outdoors to avoid attracting more insects to the 
building. To make the traps more noticeable to the 
flies in a room, place them at least 15 feet away from 
doors and other entryways and in darker areas away 
from bright lights and sunlight. Place the traps at 
least 5 feet away from food preparation areas to 
minimize the risk of food contamination. It is 
important to maintain the traps. Replace the bulbs 
each spring just before the peak season of fly 
activity because older bulbs lose their attractiveness 
to insects. Also clean them out regularly. Dead flies 
serve as food for other insects. 

Biological control  
Biological pest control is a method of controlling 
pests by insects, mites, wasps etc. It relies on 
predators and parasites in this case.   
 
Fly pupae infested with parasites can be purchased 
for pest control. Infected pupae can spread the 
parasites around homes or where house flies are 
developing. Place the pupae in areas out of direct 
sunlight where they will not be disturbed.  
 
Most biologics do not harm people or animals. They 
seek out and kill immature flies. However, they take 
time to work, and alone will not eliminate a housefly 
population. Use this method in combination with 
other methods. 

 

 

Chemical control  
When necessary, insecticides can help suppress fly 
populations. Fly baits, are usually sugar-based and 
contain a compound that attracts the adult flies. Flies 
that feed on these baits are killed by the insecticide 
they digest.  
 
Many pyrethroid-based spray insecticides can 
suppress house flies in and around homes, 
businesses and other buildings. These products can 
be purchased at grocery stores, hardware stores and 
pesticide dealers. Be sure to read and follow the 
instructions on all insecticide labels. The label is the 
law.  

Insecticides 
Total reliance on insecticide applications in and 
around the house often results in failure to produce 
long term control results. Constant effort must be 
made to eliminate and dry out potential fly breeding 
sites. At times, insecticides may be helpful in 
reducing heavy nuisance fly populations. 
 
Treat outdoor surfaces where flies rest, especially 
around doors, windows, screens, garbage cans and 
trash piles with a residual spray of an Environmental 
Protection Agency (EPA) approved, labeled 
insecticides.  
 
Indoors, use space sprays or aerosols labeled for 
flies in the home. 
 
Many insecticide formulations are labeled for fly 
control. Some are labeled for general use 
(homeowners) while others are restricted use 
(licensed pesticide applicators only). 
 
When using pesticides ALWAYS READ AND 
FOLLOW LABEL DIRECTION AND SAFETY 
PRECAUTIONS THE LABEL IS THE LAW. 
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Chapter 7 Application Equipment 

Learning Objective 
 Application and particle size 
 Droplet sizes 
 Types of application systems 
 Types of application 
 Calibration 

 

Relationship Related to Pesticide 
Application and Particle Size 
It is important to understand the relationships and 
differences between the types of applications used in 
Mosquito and Vector pest control. Pesticide 
applications are more effective and influenced by the 
size of the droplets or particles applied by the 
equipment used. For example with residual 
applications that are used in agriculture and forestry 
the intent create a persistent deposit of pesticide that 
normally calls for medium to large size droplets. But 
for an area application against adult mosquitoes or 
flies on the wing, aerosols would require aerosols. 
Aerosols with smaller droplets are used so that the 
insecticide will stay suspended in the air longer 
thereby, extending the period of exposure of the 
target insects to the droplets.  
 
Liquid sprays range from rain-like drops to mists 
and fogs produced by specialized generators. We 
may not be able to break up a liquid into entirely 
uniform droplets at this time; however specialized 
equipment configurations can be used to restrict the 
range of droplet sizes. The usual practice to 
characterize these droplets is to refer to the mass 
median diameter (mmd) of the spray that divides the 
volume or mass of the spray into two equal portions. 
The unit of measurement is the micron, 1/1000 of a 
millimeter or about 1/25000 of an inch. The average 
diameter of a human hair is about 100 microns. 
Liquid applications may be categorized as follows: 
 
Coarse sprays contain droplets 400 microns or more 
in diameter that are produced with coarse disc 
nozzles or solid-stream gun nozzles. These droplets 
remain aloft for only a brief period. 
 
Fine sprays have droplets ranging from 100 to 400 
microns, usually produced with hollow-cone and 
fan-spray nozzles. These droplets also remain aloft 
for only a brief period. 

 
 
Mists range in droplet size from 50 to 100 microns 
in diameter. They are produced by pumps using 
medium pressure and specialty nozzles, high-speed 
mechanical rotors, and atomizers. Mists remain aloft 
longer than coarse and fine sprays and are subject to 
dispersal by wind and air currents. 
 
Aerosols and fogs are defined as very fine particles 
or droplets suspended in air and ranging in size from 
0.1 to 50 microns. These may be produced by 
releasing the pesticide formulation directly into a 
blast of hot air, as with the thermal aerosol 
generator, or by mixing them with a liquefied gas 
which is then released through a small orifice, as 
with the household “bug bomb.” They can also be 
produced by atomization from specialized nozzles, 
or by being dispersed from the rim of high-speed 
rotors. 
 

Aerosol Generators 
Fogs are generated aerosols through combustion 
exhaust systems, high pressure steam exhausts, and 
thermal-pulse jet systems or as aerosols crested by 
ultra-low volume sprayers (cold foggers). Due to 
their small size, aerosols generally are not suitable 
for larval control. However, they are very effective 
for flying insect control. The droplets do not settle to 
the ground quickly but dispersal of these droplets 
does depend on the air currents and other weather 
related factors. For example, temperature inversion 
helps to hold the material below the canopy. A 
consistent light wind consisting of a minimum 3 to 6 
mph (and maximum, 7 to 12 mph) would propel it 
through the environment.  During optimum 
conditions, such as a temperature inversion and a 
slight breeze; an effective swath width of up to 300 
ft. or more of control can be achieved with truck-
mounted   aerosol generators and even more with 
aerial applications. 
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 Specialized generators are used to create aerosol 
droplets. This is done with spinning discs, atomizing 
and high pressure nozzles or by using heat. Thermal 
units usually produce fine droplets in the 5 to 10 
micron range. The thermal units vaporize the carrier 
portion of the formulation to produce small droplets. 
Truck-mounted thermal aerosol generators used in 
mosquito control programs produce a highly visible 
insecticide fog that moves across open spaces killing 
mosquitoes in flight, as air currents move in it. 
Thermal fogging requires a large vehicle to 
accommodate the amount of the pesticide mixture to 
create the volume of droplets needed to be atomized 
and maintain the maximum and minimum road-
speed (10 mile per hour or less). Due to the high cost 
and possible environmental impact of the petroleum 
products used in this type of application. Thermal 
fogging is not used as much now as it was in the 
past. 

Ultra-low-volume (ULV) Application  
Extremely low dosages of undiluted insecticide 
aerosols are used to control important insects that 
may be a risk to public health. These ULV 
applications usually range from 0.5 to 3 fl. oz. per 
acre atomized into tiny droplets measuring 5 to 50 
microns (from 1/5000 to 1500 of an inch) in 
diameter. ULV aerosols are barely visible to the 
observer, unlike thermal fogs. The very fine droplets 
do not quickly attach or stick on the surfaces of large 
objects. They disperse in air currents and deposit on 
insects in flight. Drift of the ULV spray cloud is 

desirable and essential as it enhances the probability 
of reaching the target insects. The low volumes of 
insecticide and relatively wide dispersal of the 
application, the amount of the pesticide actually 
depositing on the ground or other surfaces per unit 
area is reduced, compared to large droplets – 
resulting in lowered environmental impact. 
 

 
            
The ground ULV aerosol machine is relatively 
small. Its pesticide tank usually has a capacity of 5 
to 10 gallons and is mounted on a small vehicle such 
as a ½ ton pickup truck. They are either gasoline-
powered or electrical. By contrast, the thermal 
fogger is larger and heavier carrying an insecticide 
of 25 to 200 gallons or more, and is usually mounted 
on a larger vehicle, such as a 1 to 3 ton truck. ULV 
applications may be somewhat less effective in 
heavy vegetation than thermal fogs because of 
reduced penetration. Control of the droplet size is 
important to ensure proper drift and to prevent car 
spotting that can occur with some insecticides due to 
the corrosive properties of the undiluted active 
ingredient in larger droplets. 
 
Greater care must be taken in handling the 
concentrated insecticides used in the ULV method 
than with the diluted fuel oil formulations used in 
the thermal foggers. This is due to the possibility of 
worker exposure during loading or handling prior to 
atomization. Applicator safety in recent years has 
been improved by several equipment improvements. 
For example, the aerosol generator is operated 
remotely from the cab of the vehicle, flow 
controllers are available that automatically adjust for 
vehicle speed, and automatic flow cutoff can be 
programmed to occur whenever the vehicle stops. 
Once dispensed, the amount of active ingredient in 
the aerosol cloud has been determined by EPA to 

Techmarinesupply.com 
Salemil.us 
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pose little risk to bystander who might be 
momentarily exposed. Performance requirements for 
ULV ground applications against adult mosquitoes 
are as follows: 
 
The generator should be capable of producing most 
droplets within the 5 to 30 micron range. The 
optimum average median mass diameter (mmd) is 
between 10 and 30 microns, depending on the label 
directions. Determination of droplet size can be 
achieved in several ways, but most commonly by 
catching a sample of the aerosol droplets on a 
silicone-coated glass slide and measuring the 
droplets in this deposit under a high-power 
microscope with a micrometer. 
 
Tank pressure should be not less than 3 to 3.5 
pounds per square inch (psi) or greater than 6 psi. 
Flow rate must be regulated by an accurate flow 
meter, and should not be greater than 1gal/hour with 
truck speeds of 5 mph and proportionally greater 
volume at higher speeds. 
 
The nozzle should be in the rear of the truck and 
pointed upward at an angle of 45º or more. Delivery 
of the pesticide should be interrupted when the 
vehicle stops. 

Aerial ultra-low-volume application 
Before aerial application, the applicator and 
equipment must meet FAA requirements, which may 
vary depending on whether the aircraft is public or 
private. 

 
 
Equipment for aerial ULV is similar to that used in 
ground delivery in that it consists essentially of three 
main parts: pump, nozzles, and spray tank. For a 
boom and nozzle system the pump selected should 
have a capability of producing at least 150 psi with 
an output rate of 3 to 5 gpm. Positive displacement 
or centrifugal pumps should be used, either driven 

by gasoline engines or electrical being more 
dependable. Centrifugal pumps require a 3/16 to 1/4 
inch diameter bleed line installed on the high point 
of the impeller chamber to release trapped air. 
 
When installed outside the wings, booms should be 
so designed that flight capabilities of the aircraft are 
not materially decreased. Trailing edge booms are 
desirable because the nozzles can be placed on the 
boom where the pilot can readily see them to check 
their performance during actual spray operations. 
For slower flying aircraft (90 to 125 mph), nozzle 
tips such as the Teejet No. 8001, 80067, or smaller, 
may be required. Spinning disc nozzles are 
sometimes used because flight speeds and pump 
pressures are insufficient to provide adequate 
particle breakup. 
 
However, with aircrafts operated at 150 mph or 
more, nozzles such as Teejet 8002 to 8008 are used. 
In most cases, these are flat fan type nozzles, 
although the hollow-cone swirl-jet type of nozzle 
may be equally satisfactory. The projected output of 
insecticide by the system needs to be determined 
first to ensure the proper number of nozzles and 
appropriate orifice size to provide the desired rate of 
application. The nozzles should be installed at a 45º 
angle downward and facing forward to achieve 
proper atomization. Diaphragm check valves set at 5 
to 12 psi are used on all nozzles to ensure positive 
cutoff of the spray. These should be checked 
frequently and replaced as needed. 
 
Quick installation systems have been devised for the 
application of microbial insecticides in aircrafts 
normally configured for other uses. These systems 
include a stainless steel cylinder capable of 
containing several gallons of insecticide, connected 
by tubing to a rotary nozzle temporarily placed 
along the wing, and a small CO2 tank to pressurize 
the system. 
 
Aircraft spray tanks for holding insecticides are 
made of aluminum, stainless steel, or fiberglass. 
Fiberglass is preferred when applying corrosive 
chemicals and the tubing should be stainless steel or 
plastic and be able to withstand 2000 psi pressure. 
Flushing the system after use and filling the lines 
with nitrogen reduces corrosion problems. 
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Aerial ULV vector control applications must comply 
with label rates and directions and are conducted as 
follows: 
 
The optimum droplet size is about 25 to 50 microns 
mmd, depending somewhat on the insecticide 
characteristics regarding volatility and viscosity. 
Droplets above 50 microns should be avoided since 
they waste material, are an inefficient size for killing 
mosquitoes and do not give adequate coverage. In 
addition, the hazard to non-target organisms and 
automobile finishes increases with droplet size, 
particularly with droplets above 50 – 100 microns. 
Typical applications are conducted at about 150 mph 
and 100 to 150 ft. altitude, with swath widths of 300 
to 700 ft. Greater swath widths have been used 
successfully with multiengine aircraft flying at 
higher altitudes. However, droplet size and density 
per unit area may lose uniformity with increased 
swath width because the larger droplets fall faster 
than the smaller droplets creating an uneven 
distribution. The greater the percentage of droplets 
below about 35 microns, the lower the application 
rate required, the wider the swath can be, the lower 
the deposition rate on the ground and the less the 
environmental impact. 
 
Application success is dependent on ambient wind 
conditions, temperature at and above ground level 
and other local meteorological factors, such as 
temperature inversion. 
 
Achieving the optimum configuration of application 
patterns and calibration of ULV spray planes to 
produce specified droplet spectra and swath widths 
requires considerable experience and time. Some 
state and federal agencies and commercial 
companies have experienced personnel who can 
assist public agencies with this work. Some of this 
information is available from the supplier of the 
technical grade insecticide. 

Larviciding Equipment 
Hand Sprayers and Dusters are used to apply liquid, 
granules or pellets to small breeding sites, or to areas 
that cannot be reached by vehicle. In general, these 
insecticides are contact or stomach poisons or insect 
growth regulators. 
 
The compressed air sprayer is comprised of a tank, 
air pump, outlet pipe, spray hose, and spray gun 
consisting of valve, wand and nozzle. The tank, 
made of stainless steel, brass, plastic or galvanized 

steel, forms the body of the sprayer with a capacity 
usually ranging from 0.5 to 3 gallons and serves as 
the reservoir for the spray mixture.  
 

 
                     
 
The backpack sprayer is worn on the back of the 
operator with shoulder straps so that it can be carried 
on both shoulders. A simple diaphragm or piston 
pump and a mechanical agitator are mounted inside 
the 2 to 5 gal tank and actuated by a lever worked by 
the operator’s right or left hand. The insecticide is 
under liquid pressure during each stroke of the 
pump. Knapsack sprayers are used chiefly in areas 
that are difficult to reach, such as for mosquito 
Larviciding in very swampy areas where it is 
difficult to pump a compressed air sprayer. Most 
have a special hand-operated lever to prime a pump 
to pressurize the sprayer. Depending on the model, 
pressures up to 150 psi can be generated, although 
working pressure on most is usually between 50 and 
75 psi. Adjustable cone or flood jet nozzles are 
usually standard equipment on these sprayers. 

Outdoor Mosquito Misting Systems 
There are several mosquito misting systems on the 
market today. They have become very popular over 
the past few years. There has been an increase in the 
number of these systems used and purchased.  
 
Mosquito misting system sales could be a profitable 
addition to a business or can be used in metro parks, 
state parks and privately own parks.  
  
There are a few things you will need to understand 
and decide if the mosquito misting systems are 
appropriate to pursue. 
 

 
 

Westward 
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 Is the system appropriate for home, 
business, campground etc.? 

 Understand the safety precautions about 
using outdoor misting systems. 

 Find related information on Integrated Pest 
Management using a variety of methods for 
mosquito control. 

 Understand the role of the US EPA and 
Ohio Department of Agriculture in 
regulation the misters and pesticides used. 

Misting Systems 
Outdoor misting systems are application systems 
designed to apply pesticides as a fine mist to kill 
mosquitoes and other insects outdoors.   
 

 
Misting System 

 
The misting systems include spray nozzles, tubing, 
pumping system and a supply of pesticide. The spray 
nozzles are mounted around the perimeter of the 
home in the lawn or landscaping. Nozzles can be 
mounted on fencing, the home or other structures as 
well. The nozzles are connected by tubing to a 
supply of pesticide.  
 

 
Misting from Fencing 

 
Misting systems can be set to engage at preset 
intervals using a timer. Others may be set to engage 
using remote control, while others can be activated 
by using a switch. 

Pesticides used for Misting 
The pesticides commonly used for misting systems 
contain pyrethrins and permethrin.  These products 
may also contain piperonyl butoxide. Make sure of 
the type of pesticide you are using by checking the 
active ingredient statement on the pesticide label or 
container. 
 
It is illegal to use a pesticide in a misting system if 
the label contains a prohibition against use in these 
systems. 
 
Pesticide labeling provides instructions about proper 
handling, use, and application use rates of the 
product; to protect people and the environment. 
 
Label directions are derived from scientific testing 
by manufacturers and by EPA scientists to insure 
that products can be used with minimal risk to 
people and the environment. READ THE LABEL 
FIRST! 

Winterization and Maintenance of 
Spray Equipment 
When the mosquito season has ended, the effort 
spent on your spray equipment may save money and 
will ensure that your equipment will be ready for the 
next season. The expense of equipment makes it 
wasteful not to maintain and take care of repairs. 
Most local governments that fund mosquito control 

C t t
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programs would not appreciate having to buy new 
equipment each spring to replace that damaged by 
neglect in the fall. 
 
The following suggestions are made for the 
winterization of equipment: 

Hand Sprayers 
Rinse sprayers thoroughly and pump a gallon or 
more of clean water through the unit. 

 
 Disassemble each sprayer completely and 

place the small metal parts in kerosene to 
sit before cleaning them with a small bottle 
brush. 

 
 Soak the nozzles, wands, and tanks in a 

sodium triphosphate solution; clean them 
with a scrubbing brush and rinse them 
thoroughly with water. 

 
 Replace worn out gaskets and other parts as 

necessary. 

 
 Reassemble the sprayer and pump water 

containing one cup of vinegar per gallon of 
water two times through the sprayer.  

 
 Pump a final complete change of clean 

water through the sprayer; Let it dry; store 
in a clean, protected place for future use. 

Power Equipment 
Follow manufacturer’s instruction for cleaning and 
storage, if provided, or: 

 Partially fill the tank with water and run the 
equipment until clear water emerges from 
the nozzles. Completely drain all water from 
the lines, pump and tank, then run antifreeze 
through the system in order to prevent 
freezing. Water left in the sprayer pump can 
cause expensive damage after the first 
freeze, so don't postpone cleaning and 
preparing your power sprayer. The pump 
should also be greased properly. 

 
 Clean all equipment thoroughly and check 

for worn parts and leaks. Order any 
replacement parts NOW so that the unit will 
be repaired and ready to operate next spring. 

Disassemble nozzles and clean them as 
instructed above. Line strainers should be 
checked and cleaned (replace if necessary). 

 
 If possible store all equipment indoors in a 

heated area. If this is not possible, remove 
the hoses and clean and store them indoors 
coiled neatly in a pail or straightened out on 
a shelf. Avoid sharp kinks when storing 
hoses. If equipment must be stored outdoors, 
cover it securely with a good tarp to protect 
it. 

ULV Adulticiding Complete steam 
cleaning 

Engine tune-up 
 New plugs 
 New points 
 New condenser 

Carburetor adjustment 
 Clean filters 
 Clean or replace blower air filter element 
 Clean or replace insecticide filter 

element 
 Clean or replace air filter element 
 Clean or replace gas filter element 

Grease nozzle elbow unions 
Flush out complete insecticide system 
Check all hoses and replace if necessary 
Check all belts (if any) and replace if necessary 
Check all connectors and o-rings and replace if 
necessary 
Checkout electrical system 
Battery service 
Grease bearings 
Check for any broken welds and repair as necessary 
Check spreader ring and ULV nozzle (if nylon, 
replace) 
Check for missing bolts and replace 
Test run the unit 
Winterizing blower unit and engine 

 Change engine oil 
 Change blower oil 
 Remove filter and pour in 1/2 quart engine 

oil 
 Turn blower by hand 10 to12 times replace 

filter 
 Remove spark plug from Briggs engine 
 Pour 1/2 pint engine oil into engine replace 

plug 
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 Turn blower head down 
 Cover all with tarp 

For units with pumping systems 
 Transmission fluid (automobile) should be 

drawn up into the pumping unit 
 To do this simply place the intake line in a 

container of transmission fluid and turn on 
pump 

 Not necessary for pressurized systems using 
flow meter  

 Store unit indoors or cover entire unit  
 
TAKE CARE OF YOUR EQUIPMENT 
AND IT WILL TAKE CARE OF YOU!" 

 
1. Hand Sprayer Calibration 
2. Select a practice area such as a hard, parking 

lot surface. Mark an area 4 feet wide and 50 
feet long. Fill your sprayer with water. 

3. Maintain a constant pressure. 
4. Hold the tip approximately 14 inches above 

the surface. 
5. Walk a slow and steady pace that gives even 

coverage. While spraying look back and 
observe where you have sprayed. If it is 
drying in patches (not even) then you are not 
applying the water evenly. Once you learn to 
spray evenly, determine how long a path is 
sprayed in 15 seconds. 

6. Determine the amount of water sprayed (in 
ounces) in 15 seconds by catching the spray 
in a container. Note: Installing an 
inexpensive pressure regulator in the sprayer 
hose will greatly increase your accuracy. 
Also, taking a full 60 second sample and 
dividing by four to get the 15 second amount 
will be a lot more accurate than just one 15 
second sample. 

7. Next, determine the amount (in ounces) that 
your sprayer tank will hold. One gallon = 
128 ounces, so a 1 ½ gallon sprayer will 
hold 192 ounces. A 3 gallon sprayer will 
hold 384 ounces. 

8. Knowing the two items above, you can 
calculate how much area your full sprayer 
should cover 

 
 
 
(area sprayed in 15 sec) x (sprayer capacity in oz.) 
-------------------------------------------------------------  = area (sq ft) covered 
(amount sprayed into a container in 15 sec) 
Example 
1. Area sprayed: In 15 sec you traveled 35 ft  spraying a path 4 ft. wide. 35 x 4= 140 square ft covered 
2. Sprayer capacity: You had a 1 ½ gal sprayer so your capacity is 192 ounces. 
3. Amount sprayed: In 15 seconds you measured 10 ounces in your container. 
140 x 192   =   26,880 sq. ft.  should cover 2,688 square feet with a full sprayer 
        10                  10               
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