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BEST MANAGEMENT PRACTICES  
QUICK REFERENCE GUIDE

I. Mosquitoes, Disease, and Management

•  Mosquitoes can spread pathogens when an 
adult, female mosquito takes a bloodmeal.

•  In the U.S., arboviruses spread by 
mosquitoes cause human disease and death 
annually.

•  There are several arboviruses of concern 
within the U.S., such as WNV, EEEV, and 
SLEV, and a continual concern that new 
arboviruses could be introduced from other 
areas of the world.

•  Many different mosquito species exist in the 
U.S. and occur in diverse habitats; however, 
all have an aquatic stage and require water 
to complete their life cycle.

•  Culex and Aedes are two of the most 
important mosquito genera in the U.S. and 

responsible for vectoring different viruses to 
humans (Table 1).

•  Integrated mosquito management (IMM) 
is the best way to manage mosquitoes and 
reduce disease transmission.

•  The core of IMM includes five critical tactics:
o  Engaging the community regularly
o  Surveillance, mapping, and rational 

setting of action thresholds
o  Physical control through manipulation of 

mosquito habitat
o  Larval and adult mosquito management 

using multiple tools including source 
reduction, biological control, and the 
application of targeted insecticides

o  Monitoring for insecticide efficacy and 
resistance 

Table 1. West Nile virus Culex vectors by regiona
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II. Community Engagement

•  Community engagement is a continual, 
ever-evolving process where a mosquito 
control program routinely interacts with the 
public to create trust, increase knowledge, 
build relationships, understand citizen 
perceptions and behaviors, and recruit 
citizen participation.

•  Strategy:
o  Build relationships with the public 

before a health crisis begins to effectively 
control mosquitoes and reduce disease 
transmission.

o  Find trusted messengers and partner 
with organizations who can serve as a 
bridge to hard-to-reach communities.

o  Design effective communication and 
engagement plans that can address 

misconceptions and facilitate a favorable 
outcome for all. 

o  Learn about the audience through 
activities such as surveys, focus groups, 
conversations at community events, and 
listening sessions.  

o  Develop educational materials with 
a focused goal in mind that is based 
on understanding the audience and 
evaluate the effectiveness of materials to 
ensure the desired impact was achieved. 

•  Tips:
o  Ensure that public engagement materials 

use clear and concise content that 
incorporates visuals and design elements 
that all members of the desired audience 
can interpret regardless of language, 
economic, or literacy barriers. 

o  Evaluating a community engagement 

a When using this table to determine the Culex species of importance, always verify the species is in the specific area. 
Once verified, research the species in greater detail to better understand preferred hosts, habitats, timing, and pathogens 
vectored.
b Unless otherwise indicated, general habitat information came from Rochlin et al., 2019.

Table 1. West Nile virus Culex vectors by regiona (Continued)
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program before, during, and after 
implementation establishes a baseline for 
comparison and allows campaigns to be 
modified and improved.

o  Many resources to engage the public on 
different mosquito activities already exist 
and can be utilized immediately.

o  Engaging the public and creating 
educational materials in the appropriate 
context ensures program goals are well 
received, understood, meaningful, and 
impactful. 

o  Creativity in podcasts, comics, and 
web videos may increase interest and 
memorability.

o  Example channels to engage the public 
include (but are not limited to): social 
media, local media, school events, 
community activities, and live events.

III. Mosquito Surveillance 

•  Surveillance for native and exotic species 
must be part of a mosquito control program 
regardless of the threat of disease outbreaks. 
Surveillance should be developed 
proactively to justify mosquito control 
funding requirements and risk for arboviral 
disease transmission. Action thresholds 
should be specified ahead of surveillance, 
and data collected from surveillance 
programs should be used in conjunction 
with action thresholds to determine the 
appropriate response.

•  Mosquito species composition, when 
possible, should be identified at the 
mosquito control program level.

•  Identification of problem species is a first 
step toward defining and developing 
control efforts.

•  Profiling an area and maintaining a larval 
habitat database should be another early 
step in surveillance programs.

•  Any surveillance is better than no 
surveillance (Table 2).

•  Egg and immature surveillance:
o  Methods will vary based on the genus 

and species targeted.
o  Oviposition cups use a variety of 

substrates placed in an artificial 
container, usually a small black plastic 
cup or jar, to collect container Aedes 
eggs. In urban environments, Culex 
quinquefasciatus egg rafts can be found 
in these cups or other containers with 
highly organic water.

o  Sampling for non-container-inhabiting 
larval mosquitoes such as Culex, 
Psorophora, Anopheles, Culiseta, and Aedes 
involves the use of dippers, nets, aquatic 
light traps, and suction methods. 

•  Dippers are the primary method for 
collecting larvae.

•  Train personnel and standardize 
techniques to improve inter-sample 
reliability.

•  Adult surveillance: 
o  Adult surveillance uses traps, service 

calls, capturing resting mosquitoes, and 
landing catch rates.

o  In general, traps are the primary tool 
used for surveillance and can broadly 
be categorized as light traps (with and 
without bait attractants), non-attractant 
traps, gravid/oviposition traps, resting 
traps, and emergence traps.

o  Traps may be more efficient at collecting 
mosquitoes in different physiological 
states such as host-seeking vs. gravid.

o  Individual mosquito species and species 
composition vary based on region and 
habitat.  

o  Using multiple trap types in a given area 
can provide more accurate measures 
of mosquito abundance, physiological 
status, and species composition.
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Table 2. Common traps and techniques to measure adult mosquito abundance and species compositiona

a Any surveillance is better than no surveillance even if the ideal trap is unavailable.
b All traps have the potential to catch many different mosquito species; however, traps will be more efficient for some 
species over others. Thus, the mosquito target influences trap choice. Use 2 to 3 traps simultaneously to effectively sample 
species distribution and abundance of mosquitoes in an area.
c Mosquitoes collected for arbovirus testing should be collected alive and stored using a cold chain. Verify mosquito 
handling requirements with arbovirus testing group.

o  Once a trap type and location have been 
chosen and proven effective, consistent 
sampling is key to generating data that 
can be compared across time and space.

•  Landing rates can be an important 
surveillance tool, especially during 
emergency response; however, they can be 
labor-intensive and may be associated with 
potential health risks to field staff in areas 
with known arbovirus transmission. Proper 
handling and identification of specimens 
and record keeping are vital to a successful 
program.

IV. Arbovirus Surveillance

•   Preventing the transmission of disease-
causing pathogens from mosquitoes to 
humans is the goal of public health focused 
mosquito control programs.

•   Arbovirus surveillance provides valuable 
information to determine when and what 
interventions are appropriate; however, 
preventing every mosquito-borne outbreak 
every time is impossible because disease 
transmission is complex.

•   Mosquito control programs wanting to 
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incorporate arbovirus surveillance are 
encouraged to start by reaching out to their 
local or state health departments.

•   Arbovirus surveillance should occur in 
several locations to determine when and 
where arbovirus presence occurs.

•   Communication between mosquito 
control personnel and other public 
health professionals facilitates the flow 
of information and allows inter-agency 
collaboration to better serve the public.

•   Arbovirus surveillance begins with 
collecting samples and then testing for the 
presence of virus. 

•   Surveillance methods conducted by 
mosquito control include testing sentinel 
bird flocks, wild birds, dead birds, and/or 
mosquitoes.

V. Mapping 

•   Mapping data collected regarding weather, 
mosquito and arbovirus surveillance, non-
chemical control measures, insecticide 
applications, insecticide resistance, and 
more allows mosquito control professionals 

to visualize the entire mosquito 
management environment and interpret 
data to make evidence-based decisions.

•   Utilize appropriate map scale to visualize 
mosquito habitats, adult populations, 
control efforts, and insecticide resistance 
activity to uncover trends or hot spots.

•   Record surveillance and control data at 
the finest spatiotemporal level that is 
operationally feasible.

•   Ensure that all data are linked to spatial 
information (latitude/longitude) for use in 
geographic information systems (Table 3).

•   When possible, quantify mosquito 
population sizes using standardized 
methods that allow comparisons among 
locations.

•   Use statistical methods only when 
supported by observed data; estimates 
based on modeling should convey the 
amount of uncertainty.

VI. Setting Action Thresholds 

•  Field data/information that is collected 
should be used to make management 

Table 3. Examples of common geographic information systems (GIS) software

a This table is not meant to be comprehensive but provide a sample of different resources at the time of this publication. 
Additional software may be available. New software may be developed in the future, and information in this table will 
change accordingly.

Namea Functionality Provider Website
ArcGIS Full-featured GIS

(desktop or online)
Environmental Systems
Research Institute (ESRI)

http://www.esri.com/software/arcgis

QGIS Full-featured GIS (desktop or 
online)

QGIS Development
Community (open- source)

http://qgis.org/

GRASS
GIS

Full-featured GIS
(desktop)

GRASS Development
Team (open-source)

https://grass.osgeo.org/

PostGIS Spatial database management 
system

PostGIS Development
Community (open- source)

http://www.postgis.net/

MapInfo Pro Full-featured GIS
(desktop)

Precisely https://www.precisely.com/product/precisely-mapinfo/
mapinfo-pro

Scribble Maps Full-featured GIS (online) Scribble Maps https://www.scribblemaps.com/

http://www.esri.com/software/arcgis
http://qgis.org/
https://grass.osgeo.org/
http://www.postgis.net/
https://www.precisely.com/product/precisely-mapinfo/mapinfo-pro
https://www.precisely.com/product/precisely-mapinfo/mapinfo-pro
https://www.scribblemaps.com/
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decisions on best response plans.
•   Proactively determine threshold values that 

necessitate control measures.
o  Action thresholds should remain flexible 

to adapt to future changes in nuisance 
levels and potential public health risks.

•  Decisions to initiate control measures are 
based on analyses of data (Table 4) including 
immature and adult surveillance, arbovirus 
surveillance, climatic conditions, and other 
information.
o  The use of baseline information gathered 

from historical surveillance data is 
advisable to establish action thresholds.

•   The method used to determine if and when 
control measures are instituted vary based 
on species and type of surveillance:
o  Mosquito Surveillance Data: Adult 

abundance and species composition 
data, and/or number and pattern of 
service requests can be used for Culex, 
container Aedes, and other vectors. For 
immature mosquitoes, the standard 
surveillance method is the number of 
larvae and pupae observed in a standard 
“dip count.” 

o   Arbovirus Surveillance Data: Minimum 
field infection rates, maximum likelihood 

Table 4. CDC recommendations for a phased response to WNV surveillance data11
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estimates, vector index, seroconversion 
in sentinel chickens, dead bird infection, 
equine infection, and human case data 
can be used for Culex and other mosquito 
vectors. 

•  Vector index uses both mosquito 
abundance and infection rate data 
and better predicts the risk of 
human disease than either alone.

o  Ae. aegypti and Ae. albopictus: In addition 
to vector and arbovirus surveillance 
data, larval abundance data from dip 
counts or container indices (may not 
correlate closely with adult catches) can 
be used to establish action thresholds for 
Ae. aegypti and Ae. albopictus. 

•  The decision to apply larvicides and 
adulticides must be based on data and not 
solely on weather patterns and/or temporal 
frequency intervals (i.e., “spraying every 
Wednesday”). Thresholds for adulticiding 
may consider more than just larval or adult 
mosquito numbers and may also include 
arboviral activity. 

VII. Larval Source Reduction

•  Source reduction is the single most effective 
means of mosquito control.

•  Source reduction begins with a detailed 
larval survey, including key container types 
and geographic characteristics (uneven 
ground, ditches, etc.) that serve as sources 
for larval mosquito development (Table 5).

•  Efforts should be made to prevent and 
eliminate stagnant bodies of water. For 
example, using rip rap at culverts that 
reduce water energetics and prevent 
scouring of soil, removing depressions in 
the ground that cause pooling, introducing 
a current into bodies of water, and/or 
eliminating the overflow of water can 
prevent the development of a potential 

mosquito breeding habitat.
•  Empty all containers of standing water. 

Even a cap full of water can be used as a 
mosquito breeding source. 

•  Consider both natural and manufactured 
containers when making efforts to control 
container-inhabiting mosquitoes.

•  Removal of conspicuous open containers 
may “push” Ae. albopictus females to lay 
eggs in cryptic habitats; therefore, locating 
and assessing all potential container sources 
is critical, including those that may be more 
difficult to identify, access, and treat with 
larvicides.

•  Community engagement and partnership to 
develop land management plans is essential 
for successful habitat modification and 
eventual source reduction practices. 

VIII. Biological Control

•  Large aquatic predators such as Gambusia 
spp. fish may control mosquito larvae 
to some extent in permanent or semi-
permanent bodies of water but will not 
control adult mosquitoes fully.

•  Small aquatic predators (e.g., Toxorhynchites 
spp. mosquitoes) may reduce the number 
of mosquitoes in an area; however, using 
these organisms present challenges such 
as: cost of rearing and implementation and 
susceptibility to other mosquito control 
methods.

•  Implementing biological control programs 
require significant resources, thus, the cost 
of implementation may be prohibitive.

•  Proper agencies must be consulted, and 
the potential environmental impact must 
be assessed before releasing any biological 
control agent.

•  Bats, birds, and dragonfly nymphs are 
not an effective component of a mosquito 
control program.
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IX. Larvicides, Pupicides, and Adulticides

•  Always read and follow product labels.
•  Avoid stockpiling insecticides by only 

purchasing enough product for one season.

•  Always store and transport pesticides 
according to label requirements.

•  Using both larvicides and adulticides in a 
mosquito control program best manages 
populations of mosquitoes by killing 

Table 5. Example Ae. aegypti, Ae. albopictus, and Culex spp. habitatsa

a Any container or area that can hold water for 5-7 days. Mosquito habitats can overlap; however, specific species may 
vary based on habitat and location. When possible, identify mosquitoes to species to discern level of public health threat.
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existing adults and preventing new adults 
from emerging.

•  Immature mosquito control:
o  Choices of larvicides and pupicides 

(Table 6) are based on the individual 
needs of mosquito control programs.

o  Factors to consider when choosing 
appropriate products include species of 
concern, efficacy, potential for resistance, 
cost, target specificity, regulatory 
requirements, and environmental 
compatibility. 

o  Application of larvicides and pupicides 
should be considered in the context of an 
IMM program to control mosquitoes.

o  Selection of formulation (Table 7) and 
application method should be based on 
the larval habitat and species. 

o  Granules and pellets may be applied 
by hand, rotary disk spreaders, power 
backpack blowers and sling seeders; or 
by using aircraft and vehicle-mounted 
spreaders. 

o  Briquettes, water-soluble pouches, 
tablets, or dunks may be directly applied 
by hand or with specialized dispensing 
equipment.

o  Conventional liquid larvicide 
applications targeted to discrete habitats 
should be made with medium to very-
coarse size droplet spectra (ASABE 
S572.1 Droplet Size Classification).

o  Low-volume (LV) liquid larvicide 
applications for wide-area control should 
be made using target-specific larvicides, 
appropriate equipment, and very-fine 
(VF) to fine (F) droplet sizes (ASABE 
S572.1 Droplet Size Classification) 
during periods of favorable atmospheric 
conditions. Conventional ultra-low 
volume (ULV) equipment is generally 
not appropriate for these applications.

o  Hot spot treatments such as backpack LV 
sprays for container mosquito control 
reduce the time and effort needed for 
door-to-door campaigns in large areas.

Table 6. Larvicide/pupicide mode of action, active ingredients, target specificity, and resistance potentiala

a Not every active ingredient, class, or product may be available in every state. Always follow local, state, and tribal laws 
before using any larvicide.  
b Based on IRAC classification. The AMCA does not endorse the use of any specific product. Any mention of a product 
name or active ingredient is not a recommendation or statement of efficacy.
c For information on larvicide formulations, see Table 7. Always read and follow label instructions before applying any 
pesticide.
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•  Adult mosquito control:
o  Adulticiding should be used when 

deemed necessary, according to data 
gathered in surveillance activities or in 
response to public health needs.

o  Efforts must be made to focus adulticide 
applications within intended target areas 
and avoid non-target organism impacts.

o  Visit the U.S. Fish and Wildlife Service 
(USFWS) Endangered Species website 
to obtain a list of endangered species 
that may be in a treatment area before 
application and/or coordinate activities 
with local USFWS office.

o  Communicating with the public before 
an adulticide application ensures people 
can take precautions if they choose.

o  ULV applications are the only effective 
means of rapidly reducing transmission 
risk during arboviral disease outbreaks.

o  ULV applications can be effective in 
reducing populations of adult container 
Aedes in peridomestic environments, 
even when applied at night.

o  Both ground and aerial ULV applications 
of EPA registered public health pesticides 
are effective at reducing populations of 
WNV and other mosquito-borne disease 
vectors (Table 8).

o  Barrier and residual sprays can provide 
long-lasting control of adult mosquito 
populations and should be focused on 
structures when possible to avoid non-
target effects.

Table 7. Larvicide formulations and usages
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o  Additional adult mosquito control 
methods may exist and could be 
incorporated into a control program. 

X. Monitoring Insecticide Resistance

•  The American Mosquito Control Association 
recommends following the procedures for 
pesticide resistance testing outlined by the 
U.S. CDC to prolong the life of currently 
available products, compare results through 
time and region, and assess trends.

•  Annual resistance testing should be 
a routine component of all integrated 
mosquito management programs and occur 
prior to the start of each mosquito season.

•  Resistance testing should be conducted 
before a product is first used.

•  Resistance testing should follow published 
protocols to provide standardized results.

•  A quick resistance assessment should be 
conducted prior to emergency adulticiding.

•  Test results should be reported to 
appropriate groups. 

XI. Record Keeping

•  Record keeping procedures and 
requirements are determined by the lead 
regulatory agency for the location, which 
could be a state, federal, or tribal authority. 

•  Surveillance reports for all mosquito species 
should be maintained for the evaluation 
of interventions; factors that should be 
recorded include:
o  Results from mosquito egg, larval, and 

adult surveys
o  Records of surveillance locations and 

mosquito collection data
o  Records of virus testing results

Table 8. Adulticide mode of action, active ingredients, application use, and target specificitya

a AMCA does not endorse the use of any specific product. Any mention of a product name or active ingredient is not a 
recommendation or statement of efficacy.
b This list is not meant to be comprehensive. Adulticide formulations include ready-to-use, water dilutables, and oil 
dilutables. Always read and follow label instructions before applying any pesticide.
c Piperonyl butoxide (PBO) is a synergist commonly paired with pyrethroids to enhance efficacy.
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o  Results of resistance monitoring of local 
mosquito populations

•  Operators/applicators must follow the 
record keeping and retention requirements 
of the lead regulatory authority. At 
minimum, application records should 
contain:
o  Applicator’s name, address, and 

pesticide applicator certification number 
(if applicable)

o  Application date, time of day, and 
weather conditions

o  Product name and Environmental 
Protection Agency registration number

o  Location of application and approximate 
size of area treated (spray tracks, as 
recorded by an appropriate GPS system, 
are desirable)

o  Rate of material applied and total 
amount applied

•  Records also must be maintained on 
the certification and recertification of all 
personnel licensed to apply pesticides.

•  Records should be kept on the calibration 
and maintenance of application equipment.

•  Integrated mosquito management programs 
should also include provisions for:
o  Logging/tracking citizen complaints and 

service requests
o  Maintaining records of non-chemical 

interventions, including community 
education, door-to-door outreach efforts, 
waste tire removals, and container 
elimination campaigns
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The concept of integrated mosquito management 
(IMM) is central to the goal of mosquito 
prevention and control. The principles 
underlying IMM were first outlined in 1871, 
but a full realization of the complexity of its 
components has only come about since the mid-
twentieth century. The term “Integrated Mosquito 
Management” is derived from integrated pest 
management, which has been defined as a 
synergistic, ecosystem-based strategy that focuses 
on long-term suppression of pests and/or their 
damage through a combination of techniques, 
including biological control, trapping, habitat 
manipulation, and chemical control.17 Similarly, 
IMM is a comprehensive, surveillance-based 
mosquito prevention and control strategy that 
utilizes all available mosquito control methods, 
either singly or in combination, to reduce the 
number of mosquitoes while maintaining a 
quality environment.

The core of IMM includes five critical tactics:

1. Engaging the community regularly
2. Surveillance, mapping, and rational setting

of action thresholds
3. Physical control through manipulation of

mosquito habitat
4. Larval and adult mosquito management

using multiple tools including source
reduction, biological control, and the
application of targeted insecticides

5. Monitoring for insecticide efficacy and
resistance

IMM places an emphasis on surveillance, 
flexibility, and adaptability; applying any 

mosquito control measure on a predetermined 
schedule without a documented need is not 
an acceptable practice. Instead, appropriately 
designed IMM programs are highly responsive to 
the local situation and driven by a demonstrated 
need. All actions are based on surveillance data, 
precise mapping of the habitat, and results 
in rational action thresholds that determine 
appropriate responses by management staff. If 
required, insecticides are iteratively and actively 
monitored for efficacy and resistance.

Both the U.S. CDC and the Environmental 
Protection Agency (EPA) recognize the need 
for chemical control measures for mosquitoes. 
IMM programs utilize public health pesticides 
in a targeted manner after surveillance results 
provide objective evidence that they are required 
according to established intervention thresholds, 
and only after the potential public health 
benefits have been evaluated. In this paradigm, 
treatments are made with the primary goal of 
removing only the target mosquito species. The 
intervention methods are identified and used 
in a manner that minimizes risks to human 
health, beneficial and non-target organisms, and 
the environment while effectively managing 
mosquito populations.

In addition to causing considerable public 
nuisance and discomfort, mosquitoes are vectors 
for arboviral diseases in the U.S., highlighted 
by Zika virus (ZIKV) infections in the U.S. and 
its territories.18 The mosquito species Aedes 
aegypti and Ae. albopictus are the principal 
vectors for chikungunya, dengue, yellow fever, 
and ZIKV.19 Both species vary considerably 
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in behavior from most native Aedes species, 
particularly with regard to feeding behavior, 
degree of adaptation to urban and suburban 
areas, and choice of habitat for oviposition (using 
natural and artificial water-holding containers 
[e.g., used tires, plastic containers, gutters, and 
other containers abundant in the peridomestic 
environment] rather than permanent or 
transitory groundwater sources). At present, 
the prevention or reduction of transmission of 
these viruses, except for yellow fever, is entirely 
dependent on the control of mosquito vectors 
and limiting mosquito-to-person contact.

Along with the human health problems posed 
by Ae. aegypti and Ae. albopictus, various Culex 
species, including but not limited to Cx. pipiens, 
Cx. tarsalis, and Cx. quinquefasciatus, are vectors 
of varying competence for several viruses in 
the U.S. such as West Nile virus (WNV) and St. 
Louis encephalitis virus (SLEV).20 These and 
other species of mosquitoes capable of vectoring 
several viral encephalitides and parasitic worms 
can be successfully addressed with conventional 
IMM. 

This document represents an update to the 2009 
and 2017 versions of the American Mosquito 
Control Association (AMCA) Best Practices for 
Integrated Mosquito Management manual. The 
2017 update was necessitated by the increasing 
importance of container-inhabiting Ae. aegypti 
and Ae. albopictus mosquitoes as vectors of 
human disease-causing agents. The goal of 

the 2021 update was to include additional 
information specific to managing different 
species of Culex mosquitoes and interrupting 
virus transmission cycles that may result in 
human disease. Whereas this document focuses 
on Ae. aegypti, Ae. albopictus, and Culex spp., the 
conventional IMM approaches discussed in this 
document also address salt-marsh and freshwater 
mosquitoes in the U.S. In accordance with 
best practices, this document is based—where 
possible—on an analysis of the mosquito control 
literature. This evidence-based structure provides 
a rational foundation for recommendations. 
With that said, this document also leverages 
the practical experience and best practices from 
vector control professionals. 

The recommendations summarized here are 
intended to be broad guidelines for IMM. While 
all mosquito control programs should strive to 
employ the full range of IMM techniques, the 
AMCA recognizes that its full implementation 
requires a significant expenditure of resources 
that may be beyond the capabilities of many 
mosquito control programs, which are generally 
subject to budget and personnel constraints. 
The extent and manner to which control 
agencies meet or exceed these best management 
practices should be ultimately based on the 
best professional judgment of mosquito control 
program personnel, often undertaken in 
consultation with local health and government 
authorities, in addition to available resources.
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Summary

•  Mosquitoes can spread pathogens when an adult, female mosquito takes a bloodmeal.
•  In the U.S., arboviruses spread by mosquitoes cause human disease and death annually.
•  There are several arboviruses of concern within the U.S., such as WNV, EEEV, and SLEV, 

and a continual concern that new arboviruses could be introduced from other areas of the 
world.

•  Many different mosquito species exist in the U.S. and occur in diverse habitats; however, 
all have an aquatic stage and require water to complete their life cycle.

•  Culex and Aedes are two of the most important mosquito genera in the U.S. and 
responsible for vectoring different viruses to humans.

•  Integrated mosquito management (IMM) is the best way to manage mosquitoes and 
reduce disease transmission.

•  The core of IMM includes five critical tactics:
o  Engaging the community regularly
o  Surveillance, mapping, and rational setting of action thresholds
o  Physical control through manipulation of mosquito habitat
o   Larval and adult mosquito management using multiple tools including source 

reduction, biological control, and the application of targeted insecticides
o   Monitoring for insecticide efficacy and resistance

MOSQUITOES, DISEASE, AND MANAGEMENT

Mosquito-Borne Diseases

Mosquitoes are the world’s deadliest animal21 
and harm humans by transmitting pathogens 
through their saliva or causing secondary 
infections when a person scratches a bite.22 

Globally, there are three groups of pathogens 
spread by mosquitoes that cause disease in 
humans: malaria protozoans, filarial worms, and 
viruses. In the U.S., arboviruses are the primary 
group of human disease-causing organisms 
transmitted by mosquitoes; however, mosquitoes 
can transmit other pathogens to non-humans, 
such as dog heartworm. Occasionally, infected 

people entering the U.S. after spending time in 
another country contribute to the spread of other 
types of pathogens,23 but transmission of these 
pathogens generally does not become sustained.

An arbovirus, or arthropod-borne virus, is 
spread by an arthropod, and in the U.S., they are 
primarily spread by mosquitoes and ticks.24 Some 
arboviruses naturally persist in the environment, 
regularly causing disease in people (endemic), 
and an outbreak occurs when more cases are 
reported during a time period compared to 
normal. However, novel arboviruses can also be 
introduced and cause new, emerging disease. 
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Examples of arboviruses in the U.S. include 
(but not limited to): West Nile virus (WNV), St. 
Louis encephalitis virus (SLEV), Eastern equine 
encephalitis virus (EEEV), western equine 
encephalitis virus (WEEV), Jamestown Canyon 
virus (JCV), and La Crosse encephalitis virus 
(LACV).22

Outbreaks of less common and emerging 
diseases occur periodically as well. In 2015, the 
Zika virus (ZIKV) emerged in the U.S., and by 
2016, an epidemic occurred resulting in 5,168 
symptomatic cases that year.25 Case numbers 
have since dwindled, but ZIKV highlights that 
exotic arboviruses can be introduced into the U.S. 
and reach epidemic status. Other arboviruses that 
have the potential to become introduced include 
dengue virus, chikungunya virus, and yellow 
fever virus. For these four viruses, an infected 
person returning to the U.S. with virus in their 
blood stream could lead to an outbreak because, 
unlike WNV and SLEV, all four of these viruses 
can be transmitted from human to mosquito 
to human. Still, perhaps the most concerning 
scenario is the introduction of a completely novel 
disease-causing, mosquito-borne arbovirus.

Mosquito Biology

There are approximately 3,500 species of 
mosquitoes worldwide, and 176 can be found 
in the U.S.22, 26 These mosquitoes occupy diverse 
habitats ranging from man-made to natural 
in rural, suburban, and urban environments. 
In general, adult male and female mosquitoes 
require liquid sugar sources for basic metabolic 
needs and often feed on plant nectar or 
honeydew.22 There are some possible exceptions, 
such as Aedes aegypti females, which may 
obtain enough energy for metabolism through 
their bloodmeals.27, 28 Additionally, most 
female mosquitoes need to consume protein to 
produce eggs. Often, this protein is obtained 

through taking a blood meal from a vertebrate 
host; however, one genus of mosquitoes, 
Toxorhynchites, obtains protein for egg production 
as a larva by consuming arthropods, including 
other mosquito larvae. 

All mosquitoes have four distinct life stages (egg, 
larvae, pupae, and adult) and need a source of 
standing water to complete their life cycle (Figure 
1). Mosquito eggs may be laid singly or glued 
together in egg rafts; however, all hatch in water. 
The resultant larvae and eventual pupae are 
entirely aquatic until emerging as adults. Suitable 
water needs to have relatively little to no flow 
(stagnant), so adult mosquitoes can lay eggs on 
or near the surface and immature mosquitoes can 
successfully breathe and complete development. 
These aquatic habitats can vary dramatically 
and range from manufactured containers, edges 
of ponds, pitcher plants, bromeliads, gutters, 
sewers, rice fields, over irrigated land, waste 
management plants, ditches, and any place that 
can hold stagnating water. 

Mosquito larvae, known as wrigglers due to 
their “wiggling” bodies, have thin, threadlike 
soft bodies. The heads are hardened and have 
chewing mouthparts. The thorax is slightly 
swollen, and the abdomen is elongated and 
extends behind the thorax. Depending on the 
species, many larvae have a hardened siphon at 
the opposite end of the head used for piercing the 
water surface and breathing. Pupae are known 
as tumblers and resemble an enlarged “comma.” 
They have a pair of structures called trumpets on 
the top of their bodies used for breathing. 

Once mosquitoes have completed the egg, larval, 
and pupal stages in the water, they emerge as 
adults and live on land. Adult mosquitoes have 
one pair of wings, and some are considered 
weak fliers. They have three pairs of long, thin 
legs attached to the thorax. In general, they 
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have long, straight, needlelike mouthparts 
that males and females use to take sugar meals 
and females use to take blood meals from their 
hosts. Female mosquitoes have threadlike 
antennae, and males have relatively “fuzzy” 
antennae closely resembling those of moths. 
Individual species range in color, size, shape, and 

physical characteristics. Regardless of life stage, 
identifying a mosquito to species requires special 
training, may require a microscope, and the most 
up-to-date identification keys should be used. 

Common Disease Vectors in the U.S.

Several genera of mosquitoes contain species that 
transmit arboviruses to humans in the U.S., but 
two of the most important are Culex and Aedes.22 
The most prevalent human disease-causing 
arbovirus in the U.S., WNV, is predominantly 
spread by several species of Culex (Table 1). The 
species responsible for amplifying the virus in 
bird populations and spreading the virus from 
birds to humans vary depending on location 
and time. For a mosquito to transmit WNV to 
humans, it must have four characteristics29:

1. Feed on both birds and mammals
2. Be able to transmit WNV (not all mosquitoes 

exposed to WNV can spread the arbovirus 
to another organism)

3. Survive long enough to transmit WNV
4. Be relatively abundant

The different species of Culex that spread WNV 
to humans may prefer either birds or mammals 
but will feed on both, subsequently spreading the 
virus from bird to mosquito to human. The three 
most important WNV vectors in the U.S. are Cx. 
pipiens, Cx. tarsalis, and Cx. quinquefasciatus.11, 29 
However, several other species are considered 
secondarily important including: Cx. nigripalpus, 
Cx. salinarius, Cx. restuans, Cx. erraticus, 
Cx. stigmatosoma, and Cx. erythrothorax. As 
highlighted in Table 1, different geographies and 
habitats in the U.S. have different WNV vectors, 
and even within a single area, the vector may 
be different between rural, suburban, and urban 
settings. Mosquito control programs should 
identify the Culex species in their area capable of 
WNV transmission and learn about those species’ 

Figure 1. Life cycles of Culex and  
Aedes mosquitoes

Source: Centers for Disease Control and Prevention, USA

Life Cycle of Culex species

Life Cycle of Aedes species
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life histories (e.g., preferred habitats, preferred 
hosts, time of the year adult mosquitoes begin 
emerging, how long they live, etc.). Information 
gathered about the mosquitoes should inform the 
control program (e.g., where to place traps, where 
to surveil for immature mosquitoes, when to 
start surveillance, etc.). Most human cases occur 
in counties that have historical high incidence of 

WNV and metropolitan areas with moderate to 
high human populations.11

Mosquitoes in the genus Aedes are also 
responsible for arbovirus transmission to 
humans in the U.S. Both native and invasive 
Aedes species spread arboviruses; however, two 
invasive species in particular, Ae. aegypti and Ae. 

Table 1. West Nile virus Culex vectors by regiona

a When using this table to determine the Culex species of importance, always verify the species is in the specific area. 
Once verified, research the species in greater detail to better understand preferred hosts, habitats, timing, and pathogens 
vectored.
b Unless otherwise indicated, general habitat information came from Rochlin et al., 2019.



19

Mosquitoes, Disease, and Management

albopictus, can spread several viruses including 
ZIKV, chikungunya virus, and dengue viruses, 
and have been responsible for small, localized 
outbreaks. Unfortunately, both species pose 
significant risk of future arbovirus outbreaks,30, 31 
thus, mosquito control programs targeting these 
mosquitoes may help protect the public from 
unpredictable, future outbreaks.

The yellow fever mosquito, Ae. aegypti, originated 
from Africa, but has since spread throughout 
the world, including colonial America, most 
likely entering on ships from early European 
explorers.22 The Asian tiger mosquito, Ae. 
albopictus, originated from Asia but spread 
to the U.S. in 1985.22 Both mosquitoes are 
container mosquitoes associated with human 
environments and resemble one another 
(brightly colored, striped mosquitoes that can be 
easily distinguished by a trained professional). 
The geographic range of these mosquitoes 
may overlap and both can be found in the 
southeastern parts of the U.S. from the Atlantic 
coast to Texas.32 However, in areas where both 
mosquitoes exist, Ae. albopictus may outcompete 
and displace Ae. aegypti.33 More cold tolerant than 
Ae. aegypti, Ae. albopictus extends further north 

into the upper Midwest and New England. On 
the other hand, Ae. aegypti is more tropical and 
extends west of Texas to the Pacific coast. 

Reducing the Risk of Disease Transmission 
through IMM

Integrated mosquito management (IMM) is 
the best way to prevent arbovirus transmission 
and disease cases.11 Successful IMM relies on 
monitoring mosquito populations and arboviral 
activity to make data driven decisions. Utilizing 
multiple management tactics ensures populations 
of mosquitoes are sustainably managed and 
the public is protected with minimal impacts 
on the environment and non-target organisms. 
Routinely evaluating the efficacy of control 
programs allows programs to be flexible and 
adapt to changing conditions. Finally, community 
engagement calls for the public’s participation 
and helps ensure everyone understands what 
is being done to protect them and how they can 
help. Each of these steps can be quite complex, 
and the different chapters in this manual provide 
best management practices to successfully create 
and execute an IMM program. 
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•  Community engagement is a continual, ever-evolving process where a mosquito 
control program routinely interacts with the public to create trust, increase knowledge, 
build relationships, understand citizen perceptions and behaviors, and recruit citizen 
participation.

•  Strategy:
o  Build relationships with the public before a health crisis begins to effectively control 

mosquitoes and reduce disease transmission.
o  Find trusted messengers and partner with organizations who can serve as a bridge to 

hard-to-reach communities.
o  Design effective communication and engagement plans that can address 

misconceptions and facilitate a favorable outcome for all. 
o  Learn about the audience through activities such as surveys, focus groups, 

conversations at community events, and listening sessions. 
o  Develop educational materials with a focused goal in mind that is based on 

understanding the audience and evaluate the effectiveness of materials to ensure the 
desired impact was achieved. 

•  Tips:
o  Ensure that public engagement materials use clear and concise content that 

incorporates visuals and design elements that all members of the desired audience can 
interpret regardless of language, economic, or literacy barriers.  

o  Evaluating a community engagement program before, during, and after 
implementation establishes a baseline for comparison and allows campaigns to be 
modified and improved.

o  Many resources to engage the public on different mosquito activities already exist and 
can be utilized immediately.

o  Engaging the public and creating educational materials in the appropriate context 
ensures program goals are well received, understood, meaningful, and impactful. 

o  Creativity in podcasts, comics, and web videos may increase interest and 
memorability.

o  Example channels to engage the public include (but are not limited to): social media, 
local media, school events, community activities, and live events.

COMMUNITY ENGAGEMENT
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Introduction to Community Engagement and 
Effective Communication

An engaged community allows for improved 
control of mosquitoes and disrupts disease 
transmission cycles making community 
engagement a critical component of any IMM 
program. Community engagement is a long-
term process that takes time to establish and 
cultivate the trust required to effectively recruit 
community participation.34 Central to trust-
building is the listening aspect of community 
engagement: for instance, learning about various 
audiences and what factors might be impeding 
mosquito control. This section offers guidance 
to create a successful community engagement 
program by developing a communication 
strategy, offering tips for working with hard-to-
reach audiences, building trust, and connecting 
with the audience through creative ideas.

A successful communication program starts 
with revisiting how “community” is defined to 
be more strategic. Community is a broad and 
sometimes misleading term. Usually there is no 
single community. From a strategic standpoint, 
understanding the potential differences within 
audiences will help in connecting to each of 
their interests. “Community” can include many 
different groups of people, including: residents, 
tourists, politicians, teachers, school nurses, 
parents, children, beekeepers, students, camp 
counselors, landowners, businesses, healthcare 
providers, and anyone else in a target area. 

There are many goals a mosquito control 
program can achieve by engaging the community 
including (but not limited to): identifying 
potential mosquito larval habitats on private 
property and having residents remove these 
areas, encouraging the public to report mosquito 
problems, locating hot spots in an area from 
service request calls, addressing and responding 

to citizen concerns about adulticiding, identifying 
champions and trusted messengers, combating 
misinformation, and recruiting people to wear 
personal repellents during times of arboviral 
outbreaks. Regardless of the goal, effective 
community engagement is rarely easy and 
involves understanding who the target audience 
is and how best to reach them.

Practicing cultural humility is important when 
engaging with the community and creating 
educational materials. Cultural humility 
“involves entering a relationship with another 
person with the intention of honoring their 
beliefs, customs, and values.”35 The idea behind 
cultural humility is recognizing that every person 
is different and even in a group of similar people 
there will be differences. Effective outreach 
programs involve listening and being curious all 
while being aware of one’s own potential biases 
and engaging a community in a non-judgmental 
way.

Effective community engagement occurs 
when a community trusts mosquito control 
personnel, perceives a personal benefit from 
their efforts, and actively works with officials 
to achieve the same goal. Effective engagement 
also requires personnel to understand and 
respond to questions and concerns of the various 
communities, and tailor responses and strategies 
as needed. Engagement with the community 
begins with communication, which can influence 
a multitude of attributes such as awareness, 
beliefs, knowledge, trust, and many more.36 

Communicating with a community can occur via 
one-way or two-way communication. In one-way 
communication, a mosquito control program 
provides educational materials to the community 
and the communication stops there. Examples 
of one-way communication include pamphlets, 
leaflets, public service announcements, 
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billboards, and similar materials. Two-way 
communication involves delivering a message 
and receiving feedback from that community. 
Examples of two-way communication include 
townhall meetings, booths at health fairs, 
working directly with community leaders, 
implementing user engaging content on social 
media, and welcoming questions/concerns from 
a hotline or Q&A session on the radio. 

One-way, or passive, communication may not 
be as effective at engaging the public in control 
efforts.37 Challenges include materials that: 
do not reach the audience, are not accepted or 
understood by the audience, do not address 
critical barriers, and do not foster the motivation 
needed for change. Alternatively, two-way, 
or active, communication may provide better 
results. While more resource intensive, the 
improved results may ultimately prove a 
better use of time and budget,37, 38 as one-way 
communication still requires resources.

The Importance of Community Engagement

Community engagement is a critical component 
of any IMM program because effective mosquito 
control and reduction of disease requires public 
participation, ideally before a public health 
crisis begins. Communities are engaged when 
members are involved and collaborating with 
mosquito control.39 Additionally, favorable public 
opinion may be required to take appropriate, 
evidence-based actions. A proactive approach to 
addressing questions and responding to concerns 
can help build support.

Community engagement is especially critical to 
reach those groups that are the most impacted 
but may be the least engaged. Marginalized 
groups such as racial or ethnic minorities, 
rural populations, people in lower socio-
economic brackets, single parents, English 

language learners, renters, and people located 
within specific high-risk geographies (e.g., 
flood prone or poor-drainage areas) are often 
disproportionately impacted by public health 
threats. In fact, gender, age, and socioeconomic 
status may be risk factors for arboviral disease 
transmission40 because this can influence who 
is most often exposed due to factors such as 
neighborhood stability or daily habits (e.g., 
being outside, who is responsible for child care, 
or outside chores). For this reason, programs 
targeting these groups are critical to protect a 
community’s most vulnerable members.

Proactively and frequently engaging a 
community ahead of a public health threat 
empowers mosquito control personnel to combat 
misinformation by hearing what is being said and 
getting a sense for community sentiment on a 
topic. For instance, understanding a community’s 
feelings on insecticides before aerial application 
of adulticides allows a mosquito control program 
to craft messaging to address specific concerns 
in preparation before or after an application. 
Even better, creating good relationships within a 
community and frequently asking for feedback 
may dispel misinformation regarding a topic 
entirely and prevent negative emotions due to an 
incorrect perception. Finally, and perhaps most 
importantly, developing one-on-one relationships 
with respected community members from 
groups or areas not currently associated with 
mosquito control and then recruiting them to 
deliver messaging may be the most effective way 
to influence change within a target audience, 
build trust, address misinformation, and advance 
mosquito control efforts.

One example where public education and 
participation are particularly important is the 
problem posed by mosquitoes associated with 
containers. Completely eliminating or reducing 
container habitats require public engagement and 
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appropriate education. For these reasons, public 
education campaigns may be highly effective 
as part of an IMM program if community 
participation and “ownership” can be achieved. 
Education and outreach are critical steps in 
any IMM program, not just against container-
inhabiting species.

Understanding Context to Maximize 
Effectiveness

Creating information and messaging in a context 
that the audience can understand and associate 
with will determine the effectiveness of a 
material. Illiteracy in the U.S. affects between 14-
20% of the population and half of adults cannot 
read a book written at the eighth-grade level.36, 

41 A person is considered functionally illiterate 
when they cannot use materials where literacy 
is required or use written language or math to 
develop their community.36, 42, 43 Understanding 
the low level of literacy is important to remember 
when creating educational materials and 
highlights the importance of visuals. Visuals that 
convey a message and use minimum words are 
effective tools to communicate with people who 
are illiterate or speak a language other than what 
is written on the material.

The outlet to receive materials must be 
considered as well. Digital materials may 
be useful to reach some groups; however, 
other groups may not have access to internet, 
smartphones, or a computer. Additionally, some 
people may have access to computers at libraries 
or with family but are unable to use the keyboard 
and mouse or know how to access web browsers 
or files/folders. Creating digital and print 
versions of a resource avoid missing these people 
and helps reach all members in a community.

Delivering messages using a trusted messenger 
may be the most critical consideration when 

effectively communicating with the public, 
especially with the goal of changing behavior. 
Currently, science is not trusted by some in 
the U.S. for a variety of reasons including 
historic and present-day ethical concerns, 
communication approaches, misunderstanding, 
and misinformation. As a result, a trusted 
messenger may be required to recruit and engage 
a community.  A trusted messenger is someone 
many members of a community look to for 

BREAKOUT BOX:  
Specific ways community engagement 
impacts mosquito control:

•  Establishes and maintains credibility 
and public trust by providing timely, 
accurate, and actionable information 
about what is known and what is not 
known

•  Communicates a benefit to motivate 
audience

•  Addresses barriers to desired behavior
•  Models social acceptability and 

normalizes a behavior
•  Provides adequate information to 

dispel rumors and misinformation
•  Increases access and knowledge of 

accurate information about arboviral 
diseases among populations and 
community members at risk

•  Motivates action by community 
leaders and organizations to protect 
at-risk populations from arboviral 
diseases

•  Increases knowledge of and support 
for vector control activities in 
communities

•  Increases the capacity of health care 
providers to share accurate health 
information about arboviral disease 
prevention to at-risk populations
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guidance because they trust this person based 
on familiarity, identity (i.e., political, religious, 
gender, racial) or other cues of trustworthiness 
that may or may not be related to scientific 
expertise.44 This person is not necessarily 
formally affiliated with the mosquito control 
agency but is someone who champions the best 
practices of the program. 

The idea behind a trusted messenger is that this 
person can get in front of an audience to talk 
with them about an issue. Because of the trusted 
status, the audience might be more willing to 
at least consider what the messenger has to say 
and not reject the person and/or the message 
outright. These trusted messenger approaches 
have been successful in many domains including 
climate change, childhood vaccination, and 
COVID-19.45, 46 Unfortunately, a recent poll 
showed that most Americans exhibited some 
level of distrust toward state and local public 
health departments47; thus, finding an advocate 
not associated with mosquito control may be 
required to effectively engage with members of 
the community.

Creating a Community Engagement Strategy

The easiest way to design an effective community 
engagement program is to create a strategy that 
clearly defines the goal, components, and steps 
required to achieve the mission of the mosquito 
control program. Additionally, outlining a 
strategy ahead of implementing a program 
allows mosquito control personnel time for 
feedback, clarity to stay on target, and room to 
adjust as necessary.  

Timing

As with most activities, the more time to create 
a strategy the better; however, even spending 
just a few hours or a day preparing can make the 

process easier and achieve better results. There 
is no one best way to engage a community, but 
there are guiding principles and questions that 
can be used to create effective strategies based on 
the target audience and specific goals. 

Workshop and Strategy Creation Team

The first step to creating a strategy is gathering 
a group of key people together and writing out 
the strategy. This team ideally includes those 
who will be involved in implementing the 
strategy and those who know the audiences 
well. Collaboration outside of one’s organization 
can be an excellent way to gain from existing 
experience. Consider various professional 
contacts who may have insight to share. This 
can include reviewing existing community 
engagement strategies, even if outside the scope 
of mosquito control. There are approaches for 
other topics that are translatable.

An effective strategy does not require long wordy 
text, bullets and main points are fine and even 
preferable, but it does require strategic thinking. 
Holding a workshop to clearly define the strategy 
by answering the following questions should 
create a solid foundation and implementable 
strategy:

1. What is the problem that this strategy is 
trying to solve? What is a sample scenario 
that the strategy seeks to target? What 
are the program priorities? For example, 
protecting people using recreational areas, 
such as parks, from being bitten by Culex 
mosquitoes.

2. Who is your priority audience? The needs 
of the audience will determine how a 
message is crafted and the context in which 
it is delivered. Stakeholders include persons, 
groups, or institutions that can affect or be 
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affected by a course of action and include 
residents, agencies (health departments), 
local and regional officials, local fire and 
police departments, leaders of community 
organizations, and the media, among others.

2.1. What are the barriers to reaching 
your target audience? Some common 
barriers can include language, 
literacy, education, culture, and social 
economics. Focus groups and one-
on-one interviews with community 
members or leaders help identify 
barriers.

2.2. Do existing communication materials 
meet these barriers? There are different 
programs available online to help 
evaluate current materials48 such as 
the CDC Clear Communication Index 
(https://www.cdc.gov/ccindex/index.
html). A list of other resources can be 
found on the Harvard Health Literacy 
Studies website (https://www.hsph.
harvard.edu/healthliteracy/assessing-
and-developing-materials/).

2.3. Does everyone have the same barriers 
or does the audience contain sub-
groups that may require a different 
approach? For instance, in a large 
urban center, there may be several 
different ethnic groups living in one 
geographic area that would require 
different materials/approaches.

2.4. What is your existing relationship 
with the audience? The answer to 
this question will determine the best 
messenger for your programs (e.g., 
mosquito control personnel vs. a 
trusted messenger).

2.5. Why should the audience care about 
the message? What motivates the 
audience to become engaged?

3. What gaps exist in the current message, 
outreach, or programs/services?

4. What is the goal of the outreach based 
on the assessment of the audience and 
existing efforts? Many types of goals are 
valid: an increase in perceived benefits, 
greater understanding of effectiveness 
of different repellents, increase in youth 
participation in X event, increasing an action 
by X percent in the next five years. For 
example, increase public knowledge about 
activities performed by mosquito control 
preceding aerial application of insecticides. 
Using a SMART (Specific, Measurable, 
Achievable, Realistic, and Timely) 
framework may be useful when defining 
objectives. Looking into monitoring and 
evaluation resources can help you define 
different types of objectives. 

5. What are the best ways/channels to reach 
and serve the audience? Where is your 
target audience likely to see or hear the 
message? Make sure to consider language 
needs to maximize effectiveness. Obvious 
channels for outreach are schools, clubs, 
churches, and other organizations. 

Also consider the following:

5.1. Organizations and Groups: 
Organizations and groups may be 
the target audience, but they can also 
be recruited to help communicate a 
message. These groups may be useful 
channels as well as the target audience: 
municipal departments (public 
works, sanitation, trash removal, 

https://www.cdc.gov/ccindex/index.html
https://www.cdc.gov/ccindex/index.html
https://www.hsph.harvard.edu/healthliteracy/assessing-and-developing-materials/
https://www.hsph.harvard.edu/healthliteracy/assessing-and-developing-materials/
https://www.hsph.harvard.edu/healthliteracy/assessing-and-developing-materials/
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and building inspection), “green” 
organizations (focused on healthy 
environment and self-reliance), youth 
organizations (Girl Scouts and Boy 
Scouts), social organizations (Habitat 
for Humanity), intern programs (social 
workers, medical personnel, biologists, 
etc.), public health organizations 
(community health clinics, medical 
reserve corps), extension programs, 
citizen scientists.

5.2. Live Events (Figure 2): What events 
might attract your desired audience? 
Sporting events? Health fairs? 
Community festival? Farmer’s market? 
Food pantry distribution? Parent 
events at school? Consider where a 
presence may be beneficial (and who 
should be there, keeping the trusted 
messenger in mind). Additionally, 
ensure a translator is on-site, if 
needed. There is also opportunity to 
memorialize the event, promote, and 
spread the message after the event 
via recordings or pictures posted to 
social media; however, this should 
be discussed with your site host in 
terms of privacy and expectations. 
Recordings of such events may be 
leveraged as part of public service 
announcements.

5.3. Social Media: Create user-engaging 
content through various websites, 
blogs, and social media outlets to 
maximize reach at low costs: Facebook, 
Twitter, Instagram, LinkedIn, etc. 

5.4. Mass media: Consider involving 
local influencers such newspapers, 
local radio/TV station personalities 
that do periodic stories or provide 

30-second reminders and public service 
announcements. 

5.5. Additionally, research organizations 
or media outlets that already exist 
and have an established following 
to leverage as allies. Build link 
relationships with those sites, so 
your website can be easily accessed 
by a simple click. Simply having 
information on your website is 
not enough unless it is also being 
promoted.

6. What activities does the budget allow? 
Are advertising dollars available to have 
search engines promote content? Can you 
partner with an art school to make a brief 
animated video (or use one of the many 
free tools online)? If the budget is limited, 
can you partner with groups to have them 
promote your materials for free in exchange 
for something of value to them? Can you 
offer incentives to community members or 
leaders? Are student groups (including from 

Figure 2. Community event with local 
mosquito control booth 

Source: Chris Fredregill/Harris County Public Health 
Mosquito and Vector Control Division
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universities) or other volunteers or service 
organizations available who are interested 
in community service? Is a local business or 
radio able to sponsor the event or provide 
advertising for free?

Creating Impactful Materials and Tools

A range of tools exist to best reach an audience. 
Short videos, comics, and infographics will likely 
work better than text only documents.  

BREAKOUT BOX:  
Listed below are several engagement channels/opportunities used by mosquito control 
programs across the U.S.:

Social Media
•  Blogs, Twitter, Facebook, Instagram, TikTok, LinkedIn: Share information with 

established blogs and other social media. Include links to your, or other relevant, 
websites.

•  Competitions: Announce and conduct contests and neighborhood challenges to clean up 
potential mosquito habitats.

•  Videos: Begin a “Submit Your Video” campaign to broadcast and recognize specific 
activities and efforts of community groups or individuals. 

Other Communication/Sharing Channels
•  Legislation days: Engage politicians and other policy makers with one-on-one meetings 

with staffers, letters to congressmen, and other advocacy activities.
•  Town hall meetings: Discuss in community centers and libraries.
•  PSAs: Share up-to-date information and reminders via newspapers, TV radio, etc.
•  Localized blasts: Leverage municipal phone alert systems during high-risk times.
•  Inserts included in utility bills.
•  Welcome wagon programs: Partner with local Welcome Wagon organizations to add 

information about property maintenance and responsibility, community resources, etc. to 
their packages.

•  Target tourists: Tourist information centers, airport and cruise terminals, travel clinics.

Live Events/Activities
•   Learning sessions or health fairs:

o  For private citizens: Invite community members to a learning session that will provide 
education.

o  For third-party communicators: Hold short educational forums with health care 
providers, school employees, library employees, and other public intermediaries 
who can help spread your message. Conduct these during lunch and break times and 
entice people to attend with free snacks or beverages.
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Key points on creating impactful materials: 

1. Development of high-quality information 
that is accessible to different groups takes 
skill and time. Build this into your timeline 
and expectations.

2. When crafting a community engagement 
item remember to grab attention through 
visuals, a compelling point, and a clear 
benefit. If something does not grab 
attention, it is more likely to be ignored 
or forgotten. Consider exploring options 
beyond fliers and pamphlets. 

3. The main point of the material should be at 
the beginning and impactful. People need 
to know right away what this material is 
about.

4. Less is more with educational materials. If a 
material has too much text or tries to express 
too many ideas at once, the overall impact 
will be less. It becomes overwhelming for 
the reader

5. Make sure there is a clear call to action. 
After a person consumes the material, what 
is the goal behavior or change desired? 

6. Make the message positive. Research has 
shown that positive messages are better 
received than messages that illicit fear or 
other negative emotions.36 Make sure the 
material answers the questions, “Why 
should I do this?” and “How will this help 
me?”36 

BREAKOUT BOX (Continued):

•  Community events:
o  Use scheduled events such as fairs, parades, picnics, marathons, and sports events to 

make a public appearance; distribute mosquito repellent (if permitted within local 
guidelines); encourage people to clean up trash and turn over containers.

o  Approach local businesses about participating in the event.
o  Interactive displays: Plan visual demonstrations or games to attract and engage 

citizens.
o  Neighborhood clean-up followed by a community party to play games, listen to 

music, and share food to celebrate the accomplishment (partner with Keep America 
Beautiful).

o  Train citizen scientists and hobbyists, such as members of garden clubs and 
naturalists.

•  Neighborhood calls to action:
o  Work with organizations such as AmeriCorps to go into neighborhoods and drill holes 

in trashcans to drain water, clean up areas that are potential risks.
•  Partner with high schools to organize “clean up” days for student credit for volunteer or 

community service programs.
o  “Go Green” synergy: Partner with “green” organizations to meld your messages and 

events with their ongoing efforts (clean up trash, tire disposal areas).
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7. Design principles matter. Layout 
and visuals that make finding and 
understanding information easier will 
contribute to overall impact and behavior 
change resulting from the document.49 

For more information on how to design 
compelling documents for different 
formats, The Compass offers resources to 
create compelling materials that result in 
social and behavior change (https://www.
thecompassforsbc.org/).

There are additional logistical considerations 
to keep in mind when creating educational 
materials. Know your organization’s policies on 
external communication and factor in any extra 
time needed to have the document vetted and 
approved. Ensure you route public messages 
through any agency Public Information Officer. 
Investigate if an organization has established 
brand guidelines and follow them.

Evaluating the Effectiveness of Community 
Engagement Programs

Evaluating the impact of a communication 
program can be challenging; however, with a bit 
of strategic planning and the proper selection of 
indicators, high quality feedback to guide the 
program is possible (Figure 3). Using evaluation 
guides (see end of this section) is a way to 
design such efforts in-house; more expansive 
budgets can retain professional firms. Leveraging 
strengths and learning from mistakes refines 
and enables a community engagement program 
to be as impactful as possible, especially in the 
long run. Further, it helps inform other programs 
about what did and did not work.50 To ensure 
a program is achieving the desired results, 
evaluating the effectiveness of any program is 
necessary. Evaluation may be costly and labor 
intensive, but when possible, will result in greater 
community trust and engagement.

There are different timepoints to evaluate the 
effectiveness of a program. Programs can be 
evaluated before, during, or after execution.51 
Evaluating before involves collecting data 
before a community engagement program has 
begun. This information can be used to tailor 
content or establish a baseline to evaluate 
future success. Evaluation during a program 
focuses on processes, relevance of the tool, 
and outcomes achieved as the program is 
active. This information can be used to adjust 
a campaign or as a progress report. Finally, 
evaluating a campaign upon completion collects 
data to determine the overall effectiveness of 
the campaign and identify opportunities for 
improvement in the future. 

There are several ways to evaluate a community 
engagement program and the choice of the 
evaluation tool will depend on the objectives, 
goals, and channel. Examples of data that can 
be measured may include impressions of a 
digital public service announcement, conducting 
pre- and post- surveys, number of container 
habitats before and after, and/or measuring 
mosquito abundance before and after a 
campaign. Resources available to help measure 
the effectiveness of a community engagement 
program include:

•  https://zeromalaria.africa/monitoring-
evaluation

•  https://ec.europa.eu/info/sites/default/
files/communication-evaluation-toolkit_
en.pdf

•  https://www.cdc.gov/phcommunities/
resourcekit/evaluate/smart_objectives.html

Whereas these resources may not be specifically 
customized to a mosquito control community 
engagement program, they can be modified to 
serve as effective evaluation tools.

https://www.thecompassforsbc.org/
https://www.thecompassforsbc.org/
https://zeromalaria.africa/monitoring-evaluation
https://zeromalaria.africa/monitoring-evaluation
https://ec.europa.eu/info/sites/default/files/communication-evaluation-toolkit_en.pdf
https://ec.europa.eu/info/sites/default/files/communication-evaluation-toolkit_en.pdf
https://ec.europa.eu/info/sites/default/files/communication-evaluation-toolkit_en.pdf
https://www.cdc.gov/phcommunities/resourcekit/evaluate/smart_objectives.html
https://www.cdc.gov/phcommunities/resourcekit/evaluate/smart_objectives.html
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Resources Focused on Mosquito Control

Providing educational materials does not require 
creating all documents from scratch. Looking 
at what has already been done can help inform 
what you want to do, even if it does not provide 
an exact template: 

1. The American Mosquito Control 
Association provides member resources that 
can be utilized by communication programs 
for public relations and community 
engagement (www.mosquito.org).

2. Resources are available from the CDC 
and other national and international 

Figure 3. Example community engagement program evaluation process including questions and 
indicators

Source: American Mosquito Control Association/Figure adapted from MEERA 2021 (https://meera.snre.umich.edu/
step3) 

http://www.mosquito.org
https://meera.snre.umich.edu/step3
https://meera.snre.umich.edu/step3
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organizations that can be leveraged locally 
(e.g., https://www.cdc.gov/westnile/
resourcepages/communication-resources.
html). 

3. The CDC also funds five Regional Centers 
of Excellence in Vector-Borne Disease 
(Western Gulf, Pacific Southwest, Midwest, 
Southeast Regional and Northeast Regional) 
that have various outreach and educational 
materials available (https://www.cdc.gov/
ncezid/dvbd/coevbd/resources.html). 

4. The Pan American Health Organizations 
offers a wide selection of documents. 
Visiting their documents page (https://
www.paho.org/en/documents) and 
searching the term “mosquito” results in 
almost 70 ready-to-use documents. 

5. Zero Malaria, a campaign primarily 
run in Africa, has a series of documents 
on creating compelling community 

engagement campaigns ranging from 
engaging politicians, planning effective 
community engagement, and much more 
(https://zeromalaria.africa/community-
engagement). Even though these documents 
are geared toward combating malaria, many 
of principles discussed can be applied to 
different mosquito control activities. 

Remember to reach out to other professional 
organizations, contacts, and colleagues for ideas 
and strategizing. There are many more resources 
available than those easily discoverable on the 
web. Such collaborations can save time, allow 
the gain of a wealth of knowledge from more 
seasoned or better resourced entities, and be 
mutually beneficial over time. 

Finally, when using any of these materials, 
always remember to customize them to your 
organization when possible or accompany them 
with materials that describe your local situation.

https://www.cdc.gov/westnile/resourcepages/communication-resources.html
https://www.cdc.gov/westnile/resourcepages/communication-resources.html
https://www.cdc.gov/westnile/resourcepages/communication-resources.html
https://www.cdc.gov/ncezid/dvbd/coevbd/resources.html
https://www.cdc.gov/ncezid/dvbd/coevbd/resources.html
https://www.paho.org/en/documents
https://www.paho.org/en/documents
https://zeromalaria.africa/community-engagement
https://zeromalaria.africa/community-engagement
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BREAKOUT BOX:  
Utilize Existing Resources to Maximize Outreach While Minimizing Cost

The CDC has made available a broad range of tailored communication materials to use in 
readiness for local transmission of arboviral disease pathogens. Whereas many of these 
materials focus on specific arboviruses (such as Zika virus [ZIKV] or West Nile virus [WNV]), 
most are applicable to a broad range of situations. A selected list of useful materials can be 
found below; all are available in PDF format for easy printing and distribution. Many of these 
materials are available in multiple languages.

Aedes management resources (Zika virus)- 
https://www.cdc.gov/zika/comm-
resources/toolkits.html

•  Zika: The Basics of the Virus and How to 
Protect Against It

•  Keep Mosquitos Out of Your Septic Tank
•  Protect Yourself from Mosquito Bites
•  Help Control Mosquitoes that Spread 

Dengue, Chikungunya, and Zika Viruses
•  Build Your Own Prevention Kit for 

Pregnant Women 
 
 

Culex management resources (West Nile 
virus)- https://www.cdc.gov/westnile/
resourcepages/communication-resources.
html

• Mosquito Bite Prevention
• What You Need to Know about Aerial 

Spraying
• Mosquito Control During an Outbreak
• What State and Local Mosquito Control 

Programs Do
• Mosquito Life Cycle

https://www.cdc.gov/zika/comm-resources/toolkits.html
https://www.cdc.gov/zika/comm-resources/toolkits.html
https://www.cdc.gov/westnile/resourcepages/communication-resources.html
https://www.cdc.gov/westnile/resourcepages/communication-resources.html
https://www.cdc.gov/westnile/resourcepages/communication-resources.html
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Summary

•  Surveillance for native and exotic species must be part of a mosquito control program 
regardless of the threat of disease outbreaks. Surveillance should be developed 
proactively to justify mosquito control funding requirements and risk for arboviral 
disease transmission. Action thresholds should be specified ahead of surveillance, and 
data collected from surveillance programs should be used in conjunction with action 
thresholds to determine the appropriate response.

•  Mosquito species composition, when possible, should be identified at the mosquito 
control program level.

•  Identification of problem species is a first step toward defining and developing control 
efforts.

•  Profiling an area and maintaining a larval habitat database should be another early step 
in surveillance programs.

•  Any surveillance is better than no surveillance.
•  Egg and immature surveillance:

o  Methods will vary based on the genus and species targeted.
o  Oviposition cups use a variety of substrates placed in an artificial container, usually a 

small black plastic cup or jar, to collect container Aedes eggs. In urban environments, 
Culex quinquefasciatus egg rafts can be found in these cups or other containers with 
highly organic water.

o  Sampling for non-container-inhabiting larval mosquitoes such as Culex, Psorophora, 
Anopheles, Culiseta, and Aedes involves the use of dippers, nets, aquatic light traps, and 
suction methods. 

•  Dippers are the primary method for collecting larvae.
•  Train personnel and standardize techniques to improve inter-sample reliability.

•  Adult surveillance: 
o  Adult surveillance uses traps, service calls, capturing resting mosquitoes, and landing 

catch rates.
o  In general, traps are the primary tool used for surveillance and can broadly be 

categorized as light traps (with and without bait attractants), non-attractant traps, 
gravid/oviposition traps, resting traps, and emergence traps.

o  Traps may be more efficient at collecting mosquitoes in different physiological states 
such as host-seeking vs. gravid.

o  Individual mosquito species and species composition vary based on region and 
habitat.

MOSQUITO SURVEILLANCE



34

Mosquito Surveillance

Introduction 

A scientifically driven surveillance program 
should be the backbone of every mosquito 
control operation. The primary purpose of 
mosquito surveillance is to determine the species 
composition, abundance, and spatial-temporal 
distribution within the geographic area of interest 
through collection of eggs, larvae/pupae, and 
adult mosquitoes (Figure 4). Surveillance is 
valuable for52:

•  Requesting appropriate resources as part of 
a needs assessment

•  Determining changes in the geographic 
distribution and abundance of mosquito 
species

•  Evaluating control efforts by comparing pre- 
and post-surveillance data

•  Obtaining relative measurements of 
the vector populations over time and 
accumulating a historical database

•  Facilitating appropriate and timely decisions 
regarding interventions (i.e., determining 
when an action threshold has been met and 
what action should be performed)

In addition, mosquito surveillance programs 
should, when feasible, include an ongoing 
component of monitoring environmental factors 

that can influence mosquito populations. These 
factors include, but are not limited to: rainfall 
levels, ground water levels, temperature, relative 
humidity, wind direction and velocity, tidal 
changes, lunar cycles, storm water/wastewater 
management, and land use patterns.53

Necessity for Proactive Needs Assessment

Ideally, a proactive needs assessment should 
be developed and reviewed at least annually 
to support funding decisions at the local level. 
The needs of local mosquito control agencies, 
which can be clearly defined based on data 
derived from surveillance efforts, should drive 
the structure, budget, and implementation of 
integrated mosquito surveillance programs.53 In 
actual practice, budget often drives structure and 
implementation, with the result that mosquito 
control programs are funded at levels inadequate 
to provide comprehensive surveillance or control. 
Ultimately, such an approach may decrease the 
effectiveness of interventions and increase  
long-term costs.

Defining the Problem

Identification of problem species is the first step 
toward defining and developing control efforts.53 

o  Using multiple trap types in a given area can provide more accurate measures of 
mosquito abundance, physiological status, and species composition.

o  Once a trap type and location have been chosen and proven effective, consistent 
sampling is key to generating data that can be compared across time and space.

•  Landing rates can be an important surveillance tool, especially during emergency 
response; however, they can be labor-intensive and may be associated with potential 
health risks to field staff in areas with known arbovirus transmission.

•  Proper handling and identification of specimens and record keeping are vital to a 
successful program.



35

Mosquito Surveillance

Control efforts are required when a mosquito 
population becomes a nuisance as defined by 
local action thresholds, or an economic or  
health-related pest or vector.53 Action thresholds 
should be clearly defined ahead of surveillance 
efforts to determine when a threshold has been 
met and what intervention should be performed. 
See the section of this manual on Setting Action 
Thresholds for more information.

•  Nuisance mosquitoes are bothersome in 
residential or recreational areas. Mosquitoes 
can have a large economic impact by 
reducing property values, slowing economic 

development of an area, reducing tourism, 
affecting livestock and poultry production, 
or causing secondary infections.54

•  Health-related mosquito problems refer 
to the ability of mosquitoes to transmit 
pathogens, such as West Nile virus (WNV), 
St. Louis encephalitis virus (SLEV), dengue 
viruses (DENV), chikungunya virus 
(CHIKV), eastern equine encephalitis virus 
(EEEV), western equine encephalitis virus 
(WEEV), and Zika virus (ZIKV), that cause 
disease in humans and animals. 

Figure 4. Collection methods for each mosquito life stage

Source: Melissa Nolan and Sarah Gunter
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Routine monitoring of selected areas to 
determine the abundance of adult and larval 
mosquitoes is critical for determining the primary 
target species of a control program.53 Egg, larval, 
pupal, and adult surveys should be conducted 
throughout the active mosquito season; however, 
the precise methods may vary seasonally (e.g., 
larval surveillance is most important in the 
early spring and adult surveillance during peak 
season). The data generated from these efforts 
are used to determine both the abundance and 
seasonal distribution of problem species.53

Considerations for Choosing a  
Surveillance Method

Mosquito traps will be more efficient for some 
mosquitoes than others (Figure 4) based on 
various factors such as: species, life stage, habitat, 
employee experience, season, physiological 
state of the mosquito (e.g., male vs. female, 
virgin vs. mated, host-seeking vs. blood fed), 
and weather conditions, to name just a few.53 
Careful consideration of the overall goal of 
the program should influence trap choice 
in addition to the factors listed above. For 
instance, programs focusing on eliminating 
nuisance mosquitoes may choose traps that 
give an accurate representation of host-seeking 
mosquitoes, since these species can be aggressive 
and make outdoor spaces unenjoyable. Traps 
designed to collect host-seeking mosquitoes 
are normally baited with carbon dioxide (CO2), 
known as the universal mosquito attractant,55 
a common chemical cue produced by animals 
used by mosquitoes to find a host. Alternatively, 
public health focused programs may want to 
capture mosquitoes that have fed on blood 
because these mosquitoes are more likely to have 
encountered arboviruses.56 Traps that collect 
female mosquitoes seeking to lay eggs are useful 
for these programs (i.e., gravid traps).

Egg Surveillance

There are several reasons why mosquito control 
programs collect eggs, including: estimating 
spatial and temporal distribution,57 collecting 
enough mosquitoes of the same age for 
insecticide resistance monitoring, and surveilling 
for the establishment of a species in an area. For 
these reasons, the target species will determine if 
egg surveillance provides useful information for 
the intended purpose. For instance, oviposition 
cups can provide important information for 
estimating spatial and temporal distributions 
of container Aedes mosquitoes,57 but egg 
surveillance techniques are uncommon for other 
species of mosquitoes due to the difficulty of 
finding eggs/creating suitable oviposition traps 
that outcompete natural habitats and relative 
ease of collecting and identifying adults.

Many techniques are available to sample 
container Aedes eggs.57-59 Oviposition cups 
are small, generally dark-colored containers 
that contain water and a partially submerged 
substrate on which female mosquitoes lay 
their eggs.19, 60 Water with organic infusions 
(hay, grass, or leaves) is, in many cases, more 
effective than tap water alone.60, 61 Oviposition 
cups are inexpensive and easily deployed, but 
adequate sampling requires routine trapping 
at sites representative of the habitats in the 
community. Lethal and non-lethal oviposition 
cups are available.62 Non-lethal oviposition cups 
should not be left unmaintained (infusion and 
substrate changed and reset) for more than a 
week at a time due to the risk of producing adult 
mosquitoes.19 Additionally, Cx. quinquefasciatus 
egg rafts may be collected in these cups. 

Larval and Pupal Surveillance

Mosquito larvae and pupae can be collected 
with dippers (Figure 5), nets, aquatic light 
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traps, suction devices, and container-evacuation 
methods, and are measured in terms of number 
of larvae per collection.53 Collectors must account 
for differences in the capture environment, 
mosquito submerging behavior, and life stage 
(i.e., larva vs. pupa), among other factors.53 Thus, 
training, practice, and experience are critical for 
control programs that use larval density routinely 
to determine control measures. However, some 
best practices for dipping include63:

•  The same make and model of the dipper 
should be used every time by every 
employee to standardize collection data 
and compare results between sites and 
throughout time.

•  Approach water with soft steps and only 
move vegetation as necessary to avoid 
disturbing larvae resting on the water 
surface.

•  Face the sun to prevent casting a shadow 
over the water and triggering larvae to dive 
from the surface.

•  Mosquitoes in the genera Culex, Aedes, and 
Anopheles are generally found near the 
surface of the water.

•  Sample multiple areas around a large body 
of water because different mosquitoes prefer 
different microhabitats.

•  Avoid sampling in the rain because rain 
drops disturb mosquitoes resting on the 
surface.

•  On windy days, sample on the windward 
side where larvae and pupae will be more 
abundant.

There are several techniques for using a dipper to 
sample water and collect immature mosquitoes. 
The choice of dipping method will depend on 
the target species, habitat, and weather. Briefly, 
the six different methods include: shallow skim, 
complete submersion, partial submersion, flow-
in, scraping, simple scoop, and background.63 For 

more information on dipping techniques, The 
Rutgers Center for Vector Biology has reprinted a 
Wing Beats article on dipping that can be found 
at http://vectorbio.rutgers.edu/outreach/
dipping.htm. 

Larval surveillance programs should maintain 
a larval habitat inventory. A larval habitat 
inventory is a database of known habitat 
descriptions, along with GIS maps of the sites, 
occurring in an area that can be used to guide 
larval surveillance efforts. Information from 
this inventory can be used to establish action 
thresholds and forecast the need for different 
intervention efforts. The habitat inventory 
can also be used to investigate the association 
between changing mosquito population densities 
and land use patterns over time.

Vector monitoring for container-inhabiting Aedes 
has traditionally relied on sampling of immature 
stages, such as larvae or pupae64; however, these 
species can present challenges for immature-

Figure 5. Person dipping for mosquito larvae at 
the end of a drain

Source: Patrick Irwin

http://vectorbio.rutgers.edu/outreach/dipping.htm
http://vectorbio.rutgers.edu/outreach/dipping.htm
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stage surveys.19 Because water-holding containers 
come in a wide variety of types, sizes, and 
shapes, standard dipping equipment is often 
unwieldy and ineffective. However, a dipper 
can still be used for deep containers (such as 
recycling bins), and a suction device (such as a 
turkey baster) can be used for slender containers 
(such as hollow fence posts and narrow tires).

Indices that have been used to quantitate 
container-inhabiting Aedes include:

•  The House Index (the percentage of houses 
that are positive for larvae)

•  The Container Index (the percentage of 
water-holding containers that are positive 
for larvae)

•  The Breteau Index (the number of mosquito-
positive containers per 100 houses).

Immature container indices have failed to 
correlate well with adult catches in BG-Sentinel 
traps, nor do they appear to correlate with 
instances of adult mosquitoes triggering nuisance 
action thresholds.65 However, even though 
basic larval indices did not correlate with local 
adult abundance, a significant correlation was 
observed when only key positive containers were 
used for calculation of indices.65

Adult Mosquito Surveillance

General Trap Considerations

Adult mosquito monitoring is a necessary 
component of surveillance activities and is 
directed toward identifying where adults 
are most abundant. This information drives 
response to service requests and helps determine 
whether interventions (e.g., source reduction, 
larviciding, and/or adulticiding) are effective.53 
Traps are an integral part of a comprehensive 
mosquito monitoring program.66 In general, 

adult surveillance traps and techniques can be 
categorized as light traps (baited and unbaited), 
non-attractant traps, gravid/oviposition traps, 
resting traps, emergence traps, and landing 
rates.53 Different traps and techniques may 
utilize multiple features simultaneously (e.g., 
a CDC light trap uses light in conjunction 
with CO2; Figure 6). Landing catch rates and 
community nuisance complaints are also useful 
for surveillance when mosquito trap surveillance 
is not available or possible.

There are several useful traps for monitoring 
mosquito populations available; however, some 
traps are more commonly used than others (Table 
2). Traps used by mosquito control programs 

Figure 6. CDC Light Trap baited with carbon 
dioxide being placed into sewer

Source: Chris Fredregill/Harris County Public Health 
Mosquito and Vector Control Division
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include (but not limited to): the New Jersey light 
trap (NJLT), portable carbon dioxide encephalitis 
vector survey trap, CDC light trap, Mosquito 
Magnet X trap, BG-Sentinel trap, Fay-Prince 
trap, gravid trap, resting boxes, and pigeon- or 
chicken-baited sentinel boxes. The NJLT employs 
light and is useful for measuring the relative 
abundance of certain mosquito species. However, 
these traps also collect many insects in addition 
to mosquitoes, and they require AC power, 

which limits placement options.53 CDC light 
traps, miniature versions of the NJLT, operate 
on battery power and can be used anywhere. 
Additionally, BG-Sentinel traps and Mosquito 
Magnet X traps are often used for adult mosquito 
surveillance. Mosquito collection numbers 
may be enhanced with a secondary mosquito 
attractant, such as carbon dioxide, octenol, or BG-
Lure (composed of ammonia, caproic acid, and 
lactic acid).67 Different traps vary in their ability 

Table 2. Common traps and techniques to measure adult mosquito abundance  
and species compositiona 

a Any surveillance is better than no surveillance even if the ideal trap is unavailable.
b All traps have the potential to catch many different mosquito species; however, traps will be more efficient for some 
species over others. Thus, the mosquito target influences trap choice. Use 2 to 3 traps simultaneously to effectively sample 
species distribution and abundance of mosquitoes in an area.
c Mosquitoes collected for arbovirus testing should be collected alive and stored using a cold chain. Verify mosquito 
handling requirements with arbovirus testing group.
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to collect certain genera, species, or physiological 
states; however, any trap has the potential to 
collect several different mosquito species. 

Because different traps and techniques will be 
more efficient at collecting certain mosquito 
species, mosquito control programs must 
consider the goal of their program when selecting 
a trap or surveillance technique. Additionally, 
placement should be carefully considered, 
and traps should be located where the target 
mosquitoes are most likely to occur and out 
of direct sunlight. For example, a hypothetical 
program in rural California tasked with reducing 
WNV transmission will first want to research 
which Culex spp. are in the area and responsible 
for WNV transmission. Once the Culex vector(s) 
have been identified, understanding the habitat 
and behavior of those mosquitoes should inform 
trap choice and location. In this scenario, if Cx. 
tarsalis is the primary vector responsible for 
WNV transmission, the control program may 
want to select NJLTs or CDC light traps and place 
them in areas with dense vegetation where birds 
are known to nest.56 

Simultaneously using multiple traps effectively 
estimates the abundance and species composition 
of an area. For instance, the Harris County Public 
Health Mosquito and Vector Control Division 
in Texas routinely uses gravid traps, CDC light 
traps, and BG-Sentinel traps as part of their 
ongoing surveillance program. By using all three 
of these traps in conjunction, the program collects 
Culex spp., Aedes spp., and other mosquito 
species in different physiological states to obtain 
an accurate snapshot of the entire mosquito 
population in the area. However, utilization of 
multiple trap types may not be an option due to 
budget constraints and/or other factors. In this 
situation, selecting a single trap type to collect the 
most mosquitoes of interest should be the goal. 
For example, gravid traps collect primarily Culex 

spp., while CDC light traps, baited with dry ice, 
collect numerous species from multiple genera. 

Different Culex vectors vary based on region and 
habitat, and different species behave differently 
(see section on Mosquitoes, Disease, and 
Management). Traps most useful for programs 
targeting different Culex spp. will also vary based 
on the region, habitat, targeted species, budget, 
and other factors. Resources permitting, once a 
trap type has been chosen and proven effective 
at sampling Culex vectors in an area, remaining 
consistent with trap and model is key, so data can 
be compared between sites over time.

A different situation pertains to Ae. aegypti and 
Ae. albopictus, which are not efficiently captured 
by commonly used mosquito traps, such as 
the CDC light trap or NJLT.19 Although larval 
surveys and oviposition cups have been used 
for monitoring these species, a greater emphasis 
is now being placed on monitoring adult 
populations to provide a more direct assessment 
of the impact of interventions.64 At present, BG-
Sentinel traps, the Gravid Aedes Trap (GAT), and 
CDC-autocidal gravid ovitrap (CDC-AGO) are 
the most widely used.19, 62, 68

Specific Trap Considerations

The NJLT has a long history in mosquito control 
and was developed in the late 1920s through 
early 1930s.5 They work by using a light to 
draw mosquitoes to the trap and suction from 
a fan to capture incoming mosquitoes into a 
metal cylinder and jar containing a killing agent 
such as alcohol or naphthalene. The traps are 
effective at recording mosquito abundance 
and determining the presence of a mosquito 
species in an area.5 This information is valuable 
to identify trends through time and guide 
mosquito control activities.5 While NJLTs are 
good at collecting several species of mosquitoes 
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in different physiological states (e.g., both males 
and females), they also capture many different 
non-mosquito species, which can make sorting 
collections hard. Additionally, mosquitoes 
collected are often dried out, generally making 
these mosquitoes unusable for arbovirus 
surveillance testing. Nightly variations (e.g., 
moonlight, temperature, humidity, etc.) and trap 
location can affect trap collection results.5

CDC light traps are commonly used by mosquito 
control surveillance programs53, 56 and are 
considered the gold standard by many in the 
industry. These traps are similar to the NJLT6, 53 
except they can collect live mosquitoes in a net, 
weigh less, use a different power source, are 
often baited with an attractant such as CO2, and 
catch fewer non-mosquitoes. CDC light traps 
collect several mosquito genera including Culex, 
Aedes, Anopheles, and Psorophora,69 and provide 
data for mosquito abundance and arbovirus 
surveillance. Programs beginning mosquito 
surveillance may consider starting with the CDC 
light trap. Different models can be purchased 
and often mosquito control programs make their 
own CDC light traps for less money compared 
to purchasing from a manufacturer.53 The model 
choice does not matter as long as a program 
remains consistent once a model has been chosen.

BG-Sentinel traps are effective at collecting Ae. 
aegypti, Ae. albopictus, and Cx. quinquefasciatus.7, 

19, 70-76 They are routinely used to monitor these 
species and may have applications in control. 
These collapsible, lightweight traps use visual 
and chemical lures to enhance collection and 
have the advantage of collecting adult females 
across physiological states.19, 70, 71, 75 Although 
effective, BG-Sentinel traps can be expensive, 
must be properly maintained,77 and protected 
against vandalism or damage from wildlife or 
pets. Care must be taken to select appropriate 
sites to optimize collection and protect the trap.

Gravid/oviposition traps such as the CDC gravid 
trap or GAT use organics in water to capture 
gravid female mosquitoes, including those that 
have the potential to transmit arboviruses.53, 78 
Because females collected by these traps have 
already blood fed, and thus have a greater 
probability of being infected, they are useful 
for ongoing risk assessment and arbovirus 
surveillance programs.53 The organics used for 
the water infusion should be tailored to the 
species of interest (e.g., hay infusion for Cx. 
quinquefasciatus, alfalfa infusion for Ae. aegypti, 
and oak leaf infusion for Ae. triseriatus).53 In 
Puerto Rico, autocidal gravid traps have been 
used to control and prevent outbreaks of Ae. 
aegypti.60, 68 Gravid traps may be considerably 
less expensive and easier to use than BG-Sentinel 
traps.78 Ideally, GAT and BG-Sentinel traps 
should be used in a complementary way to 
monitor both sexes and all physiological stages of 
container Aedes.64

Emergence traps are designed to capture 
mosquitoes as they molt from the pupal to adult 
life stage, and may be useful tools for collecting 
Cx. quinquefasciatus, Cx. pipiens, and Cx. restuans 
from sewers and stormwater catch basins in 
urban environments. They can be useful at giving 
a snapshot of the overall mosquito population in 
a very specific location because they capture both 
male and female mosquitoes. Often, the traps 
are used to evaluate the efficacy of larvicides or 
pinpoint breeding locations for species of interest. 

Resting Mosquitoes

Collecting resting mosquitoes gives programs a 
snapshot of the entire mosquito population in a 
very specific area since all physiological states 
will be collected.19, 79 However, these traps only 
collect mosquitoes resting in the area and may 
not be good to sample species across a broader 
range. Aspirator devices, such as sweepers, 
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suction traps, and hand-held battery-operated 
flashlight aspirators, may be used to collect 
resting mosquitoes on either natural resting 
harborage or artificial resting structures.53 Resting 
box traps can also be used to collect resting 
mosquitoes. Mosquitoes enter the box traps in 
the morning, and personnel collect mosquitoes 
in mid-morning to late afternoon when the 
mosquitoes are inactive.53 Resting box traps 
can help monitor populations of mosquitoes 
(especially Culiseta melanura, an important 
mosquito vector for EEEV), because they seek 
dark shelters to rest in during the day.80 

Landing Catch Rates

Although not recommended by the CDC, many 
mosquito control programs utilize landing catch 
rates (also referred to as landing rate counts 
or bite counts) for measuring human-biting, 
adult mosquito activity.53 This measure simply 
quantifies the number of mosquitoes that land 
on a person during a predefined time. Whereas 
effective for some mosquitoes, this technique is 
not effective at estimating ornithophilic Culex 
abundance or species composition (i.e.: Culex 
spp. that prefer feeding on birds). Additionally, 
landing rates are labor-intensive and may be 
associated with potential health risks to field 
staff in areas with known arbovirus transmission. 
For this reason, the CDC does not recommend 
the landing catch rate technique in areas 
where mosquito-borne disease transmission is 
occurring.19 

However, landing rates are accepted by most 
states’ health departments and the Federal 
Emergency Management Agency (FEMA) 
when requesting assistance after disasters.81, 82 

When done correctly using the proper personal 
protection equipment (PPE), landing rates can 
be conducted in areas after flood events and 
hurricanes to quickly gather nuisance population 

counts and biting burden, which can guide 
control measures. The proper PPE for conducting 
landing rate counts includes long sleeves, long 
pants, work gloves, and mosquito hat; however, 
wearing on-skin personal repellents (e.g., those 
containing active ingredients such as DEET or 
picaridin) can interfere with mosquito counts. 
One modification that may lower the risk of bites 
is using a sweeper net to capture any incoming 
mosquitoes before they land on the person. 
To perform this modification, a person should 
slowly turn in a circle and move the sweeper 
net in a “figure 8” motion to intercept any 
mosquitoes drawn to the host.

If landing rates are used, variables to consider 
include53:

•  Time of observations
•  Duration of observations
•  Portion of subject’s body observed for 

landing mosquitoes
•  Number and type of nearby habitats
•  Number of subjects used

Landing rate protocols must be standardized to 
acquire meaningful data. This method is most 
effective when the same pair of people are used 
to collect multiple samples at a given site because 
there is considerable inter-individual variability 
in attracting and collecting specimens.53 Landing 
rate count values are conveyed in number 
of mosquitoes landing per unit of time (i.e., 
mosquitoes per minute).

Handling of Field-Collected Mosquitoes

Mosquitoes collected during surveillance 
should be handled in a manner that minimizes 
damage to them. Identifying a mosquito species 
sometimes requires seeing very small physical 
features, and too much damage can eliminate 
those features. Avoid squeezing nets where 
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mosquitoes may be resting/have settled to help 
prevent crushing them. Similarly, place nets in 
protected locations to prevent heavy items from 
damaging nets and the collected mosquitoes 
inside. Anesthetize mosquitoes as soon as 
possible using cold, CO2, or other method. 
Always label collections with location, date, time, 
and trap information, and make sure to secure 
labels in place to avoid losing this information. 
Once back at the laboratory, identify and sort 
mosquitoes to species based on date, time, and 
trap location.

Arbovirus surveillance using mosquitoes relies 
on identifying proteins, RNA, or disease-causing 
organisms from collected mosquitoes. Depending 
on the arbovirus detection method, mosquitoes 
that have died and desiccated may not be usable. 
As a result, mosquitoes used for arbovirus 
testing are often collected alive or preserved at 
temperatures that prevent arbovirus degradation 
(i.e., using a cold chain).28 For more information 
regarding arbovirus detection, please refer to the 
Arbovirus Surveillance section.

Retaining and Using Surveillance Data

Accurate and detailed record keeping is 
critical for several aspects of IMM including 
surveillance. Comparing historic data to current 
data allows mosquito control professionals 
to make informed decisions, determine when 
action threshold have been met (see section on 
Setting Action Thresholds), and evaluate the 
effectiveness of a program. More information on 
recording keeping can be found in the Record 
Keeping section. Briefly, data regarding mosquito 
surveillance should be collected at the finest 
level of detail possible and maintained in a safe 
location. Digitizing records allows data to be 
easily accessed and shared while also taking up 
relatively small physical space. Always follow 
federal, state, county, and tribal guidance on 
data collection and record retention policies, and 
make sure to back-up data in several locations to 
prevent data from being lost. 
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•  Preventing the transmission of disease-causing pathogens from mosquitoes to humans is 
the goal of public health focused mosquito control programs.

•  Arbovirus surveillance provides valuable information to determine when and what 
interventions are appropriate; however, preventing every mosquito-borne outbreak every 
time is impossible because disease transmission is complex.

•  Mosquito control programs wanting to incorporate arbovirus surveillance are encouraged 
to start by reaching out to their local or state health departments.

•  Arbovirus surveillance should occur in several locations to determine when and where 
arbovirus presence occurs.

•  Communication between mosquito control personnel and other public health 
professionals facilitates the flow of information and allows interagency collaboration to 
better serve the public.

•  Arbovirus surveillance begins with collecting samples and then testing for the presence of 
virus. 

•  Surveillance methods conducted by mosquito control include testing sentinel birds flocks, 
wild birds, dead birds, and/or mosquitoes.

ARBOVIRUS SURVEILLANCE

Reducing Disease Transmission

Mosquito control programs often have two 
primary focuses: reducing the burden of nuisance 
mosquitoes on the residents and visitors in their 
jurisdiction and interrupting mosquito-borne 
disease transmission cycles before human and 
domestic animal cases. Programs that focus 
on nuisance mosquitoes may also achieve 
reduced disease transmission by keeping overall 
mosquito abundance down. For public health 
focused programs, sampling the environment 
for arboviruses may serve as an early warning 
system to anticipate a possible outbreak and 
design an intervention plan.

Preventing every mosquito-borne disease 
outbreak is impossible and should not be the goal 
of an arbovirus surveillance program because the 
factors involved in mosquito-to-human disease 
transmission can be complex and some factors 
are essentially unpredictable.28, 53 However, 
collecting appropriate data may allow mosquito 
control professionals to gauge the risk of 
arbovirus transmission and make evidence-based 
decisions to help stop or reduce the severity of 
an outbreak. Examples of predictive conditions 
include:

•  Density and distribution of vectors
•  Age and population dynamics of vectors
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•  Weather conditions such as rain and 
temperature
o  Affects both vectors and host reservoirs

•  Infection status of host reservoirs
•  Prevalence of infected mosquitoes
•  Virus transmission in sentinel animals

Partnerships between public health and 
mosquito control officials should be created 
to facilitate communication and execute 
coordinated action. Public health professionals 
such as epidemiologists, veterinarians, medical 
doctors, and others gather information on 
human and domestic animal arbovirus cases. 
Similarly, mosquito control professionals 
gather information on arbovirus presence 
in the environment from vector populations 
and sentinel animals. Only through two-way 
communication and sharing information can 
different agencies work together to protect the 
public from mosquito-borne disease outbreaks.

Sampling Arboviruses in the Environment

Ideally, arbovirus surveillance occurs in multiple 
locations that remain constant and begins early 
in the mosquito season to capture changes in 
infection rates through space and time,11 to 
inform mosquito control personnel where an 
outbreak may occur, and plan interventions 
accordingly.53 However, in small programs 
with limited budgets, monitoring all locations 
throughout the year may be difficult. In 
this instance, monitoring known “hot spot” 
areas first, and moving broader as the season 
progresses may help detect arbovirus activity in 
the environment while using resources wisely.28 
Data should be retained for several years and 
referenced to create baselines that can be used in 
Setting Action Thresholds.

Arbovirus surveillance is a continuous process 
consisting of five phases (Figure 7): 

1. Obtain a sample 
o  Surveillance methods vary, and samples 

can come from mosquitoes, domestic 
animals, live birds, dead bird, or other 
animals.

o  Novel methods for detecting arbovirus 
presence in the environment are being 
developed, and samples could come 
from additional sources in the future.

2. Test the sample 
o  Different tests look for different 

indicators such as RNA, disease-causing 
organisms, antibodies, and antigens.

3. Collect results
o   Timing could range from a few days for 

some molecular tests to a few months for 
case data.

o  Positive results should be reported 
to additional agencies. Examples of 
agencies that compile arbovirus data 
include public health departments and 
CDC (ArboNet).

4. Determine intervention
o  Action thresholds should be established 

before collection of data. See section 
on Setting Action Thresholds for more 
information.

o   Interventions can range from taking no 
action to community engagement to 
conducting mosquito control operations.

5. Evaluate effectiveness of intervention
o  Gather information on efficacy of the 

control strategy and adjust the plan as 
necessary. 

Mosquito control programs wanting to 
incorporate arbovirus surveillance are 
encouraged to start by reaching out to their local 
or state health departments. Health departments 
may already have the capability and budget to 
accommodate the cost of testing. Next, programs 
should obtain a protocol from the testing agency 
that outlines how to collect mosquitoes for the 
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Figure 7. Arbovirus surveillance process

Source: American Mosquito Control Association

specific assays they use, including how to handle 
and pool (e.g., by collection date, trap location, 
and species) collected mosquitoes. Depending on 
the program’s previously established mosquito 
surveillance methods, this step may require 
incorporating new traps and techniques. For 
example, New Jersey Light Traps capture dead, 
desiccated mosquitoes, which are generally 
not usable for virus sampling, so investing 
in traps that capture live mosquitoes, such as 
the CDC light trap, may be necessary. If new 
traps are purchased and resources permit, the 
previous trapping protocol should be continued 
in addition to incorporating the new traps to 

maintain a growing, historic dataset. Remember, 
mosquito surveillance data should only be 
compared when collected using an identical 
protocol. Finally, new arbovirus surveillance 
programs are encouraged to reach out to larger, 
more established programs to learn techniques, 
best practices, and gain hands-on experience.

Environmental Surveillance Methods

Live Bird Surveillance

Mosquitoes that transmit viruses such as West 
Nile virus (WNV) or St. Louis encephalitis virus 
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(SLEV) often prefer feeding on birds over other 
animals such as horses or humans. Because 
of this preference, live birds are used as early 
indicators of virus activity by sampling blood 
for evidence of viral infection such as antibodies, 
antigens, or live virus. Live bird surveillance 
occurs using two methods: domestic flocks 
maintained as sentinels or wild birds captured 
and released. For sentinel surveillance, birds 
that have no history of arbovirus exposure 
are maintained as sentinel flocks and placed 
strategically throughout the region of interest.28, 83 
Blood samples are taken at regular intervals and 
tested for the presence of arbovirus. When using 
sentinel flocks, the area of virus transmission is 
known because the flocks exist in a stationary 
location. Sentinel flocks are generally chickens, 
but can be other birds such as pheasants or 
quail.28 Whereas sentinel chickens are useful tools 
in arbovirus surveillance, when operationally 
feasible, utilizing multiple arbovirus surveillance 
methods simultaneously is ideal.84 

Wild bird surveillance involved the capture of 
birds from locales based on historic presence 
of arbovirus and targets bird species likely to 
be infected.11 Young birds may give a better 
snapshot of arbovirus transmission because they 
have a lower probability of having contacted 
an arbovirus previously. Thus, a positive result 
in a young bird may indicate recent infection.11 
Wild birds can travel miles within an area, and 
migratory birds can travel over states and the 
entire continent. For these reasons, knowing the 
precise location and time the bird was infected 
becomes a challenge.28 Regardless, sampling wild 
bird populations weekly to biweekly provides 
mosquito control personnel valuable information 
to determine when and what interventions 
are required. When performing wild bird 
surveillance, obtaining appropriate permissions 
and permits must occur before any capturing or 
sampling. Finally, wild bird surveillance may 

be labor intensive and require special training 
(operating a mist net) and/or record keeping 
(e.g., measuring bird weight, feather length, beak 
length, etc.).

Dead Bird Surveillance 

Specific to WNV, collecting and testing dead 
birds can provide valuable information about 
arbovirus presence in an area, because birds that 
have died due to arbovirus infection can occur 
up to three months before human cases.85 Dead 
bird surveillance begins with finding them. 
One way involves communicating with health 
departments, departments of agriculture, and/
or wildlife rehabilitation centers.11 Additionally, 
community engagement programs can encourage 
citizens to report dead bird sightings to mosquito 
control. Once the birds have been collected, tissue 
samples are taken and analyzed for evidence 
of virus.11 However, even reports of dead birds 
without any additional testing can be an early 
indicator of arbovirus activity.11 Finally, mosquito 
surveillance should occur in these areas to 
confirm the presence of arbovirus in mosquitoes.

Mosquito Surveillance

Mosquitoes collected during routine trapping 
programs must be sorted by collection date, 
trap location, and species. Typically, mosquitoes 
are tested in pools of fewer than 50 mosquitoes, 
and only females are tested in routine arbovirus 
screening programs.19 Testing of mosquito pools 
can occur in-house or be outsourced. In-house 
testing requires proper equipment, materials, and 
significant capital investment. Samples can be 
outsourced to state public health departments, 
universities, and contract testing laboratories. 
Mosquito control programs beginning to test 
mosquitoes for the presence of arbovirus are 
encouraged to first reach out to state health 
departments to better understand current 
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capabilities. Action thresholds for arbovirus 
data using minimum infection rates, maximum 
likelihood estimates, or vector index should be 
consulted to determine necessary intervention 
(see section on Setting Action Thresholds). 

A positive mosquito does not necessarily indicate 
a mosquito capable of transmitting an arbovirus. 
Positive mosquitoes may be newly exposed or 
not infected long enough to have virus in the 
salivary glands. Current molecular testing cannot 
distinguish between a mosquito infected with a 
virus versus one capable of transmitting a virus. 

Tests performed should be sensitive enough to 
detect known and emerging viruses.
Testing relies on finding evidence of arboviruses 
(Figure 8) in collected mosquitoes through 
detection of proteins, RNA, or live virus. Ideally, 
mosquitoes should be handled in a manner that 
minimizes exposure to conditions that could 
degrade the virus, such as heat or successive 
freeze-thaw cycles. The CDC recommends the 
following steps for mosquito samples intended 
for testing11, 19:

•  A cold chain should be maintained from the 
time mosquitoes are removed from traps to 
the time they are delivered to the processing 
laboratory and through any short-term 
storage and processing.
o  Depending on the method used, a cold 

chain may not be necessary to detect 
viral RNA.11, 28 Discuss cold chain 
requirements with the testing laboratory 
to ensure an appropriate protocol is 
followed.

•  Mosquitoes should be transported from the 
field in a cooler with either ice packs or dry 
ice.

•  Mosquitoes should be sorted and identified 
on a chill table or tray of ice.

•  Pooled samples should be stored frozen, 
optimally at -70°C, but temperatures below 
freezing may suffice for short-term storage.

 

Figure 8. Mosquito control personnel explains 
arbovirus surveillance results obtained from 
laboratory testing

Source: Chris Fredregill/Harris County Public Health 
Mosquito and Vector Control Division 
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•  Mapping data collected regarding weather, mosquito and arbovirus surveillance, non-
chemical control measures, insecticide applications, insecticide resistance, and more 
allows mosquito control professionals to visualize the entire mosquito management 
environment and interpret data to make evidence-based decisions.

•  Utilize appropriate map scale to visualize mosquito habitats, adult populations, control 
efforts, and insecticide resistance activity to uncover trends or hot spots.

•  Record surveillance and control data at the finest spatiotemporal level that is 
operationally feasible.

•  Ensure that all data are linked to spatial information (latitude/longitude) for use in 
geographic information systems.

•  When possible, quantify mosquito population sizes using standardized methods that 
allow comparisons among locations.

•  Use statistical methods only when supported by observed data; estimates based on 
modeling should convey the amount of uncertainty.

MAPPING

Visualizing Data

Visualizing data on a map allows users to see 
the entire mosquito control environment and 
interpret data to determine what measures 
are working (or need to be modified), where 
control efforts need to be focused, and how 
mosquito populations and viral infection rates 
have changed over time. Mapping and analysis 
of spatial data with geographic information 
systems (GIS) are essential elements of modern 
mosquito control programs. Decision makers 
use GIS to capture, manage, display, and analyze 
large quantities of spatial and temporal data in 
a geographic context (Figure 9). Coupled with 
remote sensing and decision-support system 
technologies, GIS provides a powerful platform 

that can enhance surveillance and direct field 
operations.86 Additionally, GIS can provide 
evidence to educate the public, government, 
funding bodies, and other stakeholders.

Using GIS offers many operational advantages 
for control of invasive, native, nuisance, and 
disease vectoring mosquitoes such as87:

•  Documentation of larval and adult mosquito 
sources

•  Documentation of service requests received 
from the public

•  Visualization and analysis of mosquito 
distributions and abundance

•  Documentation of surveillance and control 
efforts
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•  Identification of “hot spots” of mosquito 
activity or pathogen transmission risk

•  Prediction of locations and seasons that are 
most suitable for invasive mosquitoes

•  Resolution of insecticide resistance patterns
•  Provision of high-quality printed and digital 

maps for operational use and education
•  Generation of resident lists in specific high-

risk areas for targeted notifications or door-
to-door surveys

•  Enhanced collaboration with other agencies 
to communicate intentions and coordinate 
actions across jurisdictional boundaries 

There are three components involved in the 
development and application of a GIS88:

1. Data acquisition and management
2. Statistical analysis
3. Visual presentation

Numerous GIS software packages are available 
that make visual presentations of data and 
perform basic analyses of spatial data (Table 3).88 
Using these programs can be challenging and 
requires specialized training and experience. 
However, some software is easier to use than 
others. Users can take online training courses to 
learn and maximize the utility of GIS. If using 
GIS proves challenging, contract agencies exist 
that can assist in this service. Additionally, many 
city governments use GIS for different reasons 
and may be available to assist vector control 
services with mapping data.

Figure 9. Vector-borne disease surveillance system

Source: VectorSurv Development Team. 2021. VectorSurv Maps. URL: https://maps.vectorsurv.org/arbo. Accessed  
June 30, 2021. 

https://maps.vectorsurv.org/arbo
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Spatial data consists of information recorded 
by mosquito control programs as well as base 
map layers that provide context. Such data may 
be acquired by several means. Existing maps 
or aerial photographs may be digitized and 
imported into a spatial database. Additional 
geographic dataset resources are available, such 
as public domain maps available on the internet. 
For example, the U.S. Census Bureau supplies 
TIGER files that provide detailed information of a 
geographic area including roads, railroads, lakes, 
different types of boundaries, etc. These files are 
available for free and can be used with different 
software packages (https://www.census.gov/
programs-surveys/geography/guidance/tiger-
data-products-guide.html).

For GIS to be useful for mosquito control, the 
scale that data are to be recorded, analyzed, 
and mapped must be considered.86 Whenever 
possible, recording surveillance and control data 
at the finest resolution possible allows for later 
analyses that may be unforeseen at the time of 
data collection (i.e., collecting too much data 
is better than not collecting enough). Ideally, 
spatial data should be collected at the level of 

individual collection locations, sources of larval 
or adult mosquitoes, or specific locations where 
control measures have been implemented. Many 
locations will be recorded as points (e.g., trap 
locations or household inspections), whereas 
others may be more appropriately recorded as 
lines (e.g., truck-mounted insecticide application 
routes) or polygons (e.g., aerial treatment areas 
or large larval sources). How information is 
recorded in the software will vary between 
mosquito control programs. Spatial data and 
derived maps can be useful tools for a program’s 
required state and federal reporting needs, 
including a Pesticide Discharge Management 
Plan as required by a National Pollutant 
Discharge Elimination System (NPDES) permit.

Using maps to visualize spatial patterns is 
a simple, straightforward approach to data 
analysis, as spatial patterns may be self-evident 
when presented on a map using color gradients, 
differently sized symbols, or contours. Raw 
data from surveillance or control efforts can 
be mapped directly in GIS software, which 
can clarify patterns in trap counts, arbovirus 
detection, and control efforts rapidly without the 

Table 3. Examples of common geographic information systems (GIS) software 

a This table is not meant to be comprehensive but provide a sample of different resources at the time of this publication. 
Additional software may be available. New software may be developed in the future, and information in this table will 
change accordingly. 

Namea Functionality Provider Website
ArcGIS Full-featured GIS

(desktop or online)
Environmental Systems
Research Institute (ESRI)

http://www.esri.com/software/arcgis

QGIS Full-featured GIS (desktop or 
online)

QGIS Development
Community (open- source)

http://qgis.org/

GRASS
GIS

Full-featured GIS
(desktop)

GRASS Development
Team (open-source)

https://grass.osgeo.org/

PostGIS Spatial database management 
system

PostGIS Development
Community (open- source)

http://www.postgis.net/

MapInfo Pro Full-featured GIS
(desktop)

Precisely https://www.precisely.com/product/precisely-mapinfo/
mapinfo-pro

Scribble Maps Full-featured GIS (online) Scribble Maps https://www.scribblemaps.com/

https://www.census.gov/programs-surveys/geography/guidance/tiger-data-products-guide.html
https://www.census.gov/programs-surveys/geography/guidance/tiger-data-products-guide.html
https://www.census.gov/programs-surveys/geography/guidance/tiger-data-products-guide.html
http://www.esri.com/software/arcgis
http://qgis.org/
https://grass.osgeo.org/
http://www.postgis.net/
https://www.precisely.com/product/precisely-mapinfo/mapinfo-pro
https://www.precisely.com/product/precisely-mapinfo/mapinfo-pro
https://www.scribblemaps.com/
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need for intermediate decisions or other analysis. 
Superimposing layers on base maps with other 
geographic features is a qualitative but powerful 
way to provide data to operational personnel or 
the public. For instance, superimposing Culex 
surveillance data with arbovirus surveillance 
data allows mosquito control personnel to 
visualize the relationship between mosquito 
abundance and distribution with arbovirus 
presence and make decisions about intervention.

In addition to mapping raw data, performing 
data analysis that integrates the information 
from one or more elements of mosquito/
arbovirus surveillance and control programs 
is often necessary. Spatial tools can provide 
useful indications to help prioritize mosquito 
control measures in areas where humans 
and mosquitoes interact, and the risk of local 
arbovirus transmission is likely highest. This may 
include using simple risk models to integrate 
several surveillance data sets56 or spatial analyses 
that help to clarify the relationship between 
multiple layers of spatial data. For example, 
GIS has been employed in many areas to 
understand local factors associated with Aedes 
and Culex distribution and abundance.19, 52, 53, 

89-94 Additionally, more formal data analysis 
can be modeled by integrating GIS data with 
standard statistical or mathematical models that 
capture the dynamics of mosquito populations or 
pathogen transmission.95, 96 

Operationally, GIS software serves as a spatial 
toolbox to estimate distances, determine 
intervention areas based on mosquito flight 
ranges and surveillance data, or perform spatial 
queries that combine data from multiple sources. 
Results of spatial analyses then can be presented 
in the form of maps indicating areas of high 
mosquito abundance or pathogen transmission 
risk as targets for mosquito control. For Aedes and 
Culex species, projected habitat suitability and 

risk maps have been developed,97-104 and these 
are useful at broad scales to guide surveillance or 
to predict arbovirus transmission risk.105, 106 Such 
modeling can be used on a broad scale to predict 
geographic trends over time, but it also has 

BREAKOUT BOX:  
Web-Based Mapping and Data Sharing

Online platforms provide powerful 
opportunities to provide interactive maps 
to a range of users, from mosquito control 
professionals to the public, by extending 
desktop GIS. These systems require back-
end GIS expertise to define and maintain 
the online maps, and ideally, they allow 
end-users to explore spatial data without 
the need for specialized GIS training.

As a complement to local use of GIS, 
centralized data management platforms 
provide the ability to produce state 
or national maps of mosquitoes and 
mosquito-borne disease threats. One such 
system is the VectorSurv Gateway (Figure 
9), which started as California’s official 
data management system for mosquito 
and arbovirus surveillance, and, at the time 
of this update, has expanded to include 
Utah, New Jersey, Arizona, Hawaii, North 
Carolina, Tennessee, and the U.S. territory 
of Guam. Many tools for spatial queries 
and other calculations are available to 
registered users, and public-facing online 
maps provide an overview of Aedes 
and Culex surveillance in participating 
programs (https://maps.vectorsurv.org/
arbo). Users can click through to local 
mosquito control agency websites for more 
information on their city.

https://maps.vectorsurv.org/arbo
https://maps.vectorsurv.org/arbo
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utility at finer local scales. For example, in areas 
permanently colonized by invasive Aedes species, 
identifying potential spatial and temporal 
hot spots that may be associated with higher 
nuisance biting and risk for disease transmission 
to prioritize mosquito control interventions is 
critical.94 Similarly, understanding environmental 
predictors leading to increased incidence of West 
Nile virus (WNV) transmission97, 107 can allow 
mosquito control personnel to plan interventions 
appropriately.

Regardless of the GIS or modeling approach 
taken, evaluating the local environment and 
validating predictions with accurate field 
entomological data must be performed. The 
diverse and wide-spread habitats of Aedes, Culex, 
and other mosquito genera/species require 
increased accuracy in predictions, so public 
health agencies can allocate the most rapid and 
effective control methods within funding and 
resource limitations.
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Summary

•  Field data/information that is collected should be used to make management decisions 
on best response plans.

•  Proactively determine threshold values that necessitate control measures.
o  Action thresholds should remain flexible to adapt to future changes in nuisance levels 

and potential public health risks.
•  Decisions to initiate control measures are based on analyses of data including immature 

and adult surveillance, arbovirus surveillance, climatic conditions, and other information.
o  The use of baseline information gathered from historical surveillance data is advisable 

to establish action thresholds.
•  The method used to determine if and when control measures are instituted vary based on 

species and type of surveillance:
o  Mosquito Surveillance Data: Adult abundance and species composition data, and/

or number and pattern of service requests can be used for Culex, container Aedes, and 
other vectors. For immature mosquitoes, the standard surveillance method is the 
number of larvae and pupae observed in a standard “dip count.” 

o  Arbovirus Surveillance Data: Minimum field infection rates, maximum likelihood 
estimates, vector index, seroconversion in sentinel chickens, dead bird infection, 
equine infection, and human case data can be used for Culex and other mosquito 
vectors.

•  Vector index uses both mosquito abundance and infection rate data and better 
predicts the risk of human disease than either alone.

o  Ae. aegypti and Ae. albopictus: In addition to vector and arbovirus surveillance data, 
larval abundance data from dip counts or container indices (may not correlate closely 
with adult catches) can be used to establish action thresholds for Ae. aegypti and Ae. 
albopictus. 

•  The decision to apply larvicides and adulticides must be based on data and not solely 
on weather patterns and/or temporal frequency intervals (i.e., “spraying every 
Wednesday”). Thresholds for adulticiding may consider more than just larval or adult 
mosquito numbers and may also include arboviral activity.

SETTING ACTION THRESHOLDS
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Data Driven Decisions

The first step in a data driven control program 
is determining how data collected will be 
used to establish action thresholds along with 
appropriate responses. Thresholds to initiate 
any control measure should be determined 
proactively and reviewed at least annually. 
Action threshold values for initiating control 
measures should remain flexible to adapt to 
future changes in nuisance levels and potential 
public health risks.53 

At a minimum, intervention decisions (e.g., 
larviciding, adulticiding, door-to-door 
campaigns, enhanced surveillance, etc.) should 
be based on species composition, mosquito 
abundance, and/or arbovirus surveillance 
results (see section on Mosquito Surveillance). 
Individual mosquito control programs must 
establish local action thresholds for initiating 
treatment intervention efforts. Additional factors 
that can drive treatment decisions for mosquitoes 
include: local citizen tolerance of nuisance 
mosquitoes, tourist activity, local acceptance of 
chemical control methods, geographic proximity 
to urban and suburban environments, political 
pressure, climate data, and large events located 
next to an area with high mosquito activity or 
positive arbovirus surveillance.54, 56, 108, 109

For adult mosquitoes, thresholds may be set 
based on the number and pattern of service 
requests, collection rates, or landing rates. 
Calculating the vector abundance of a species is 
another way to analyze mosquito surveillance 
data and set an action threshold. Vector 
abundance expresses the relative number of 
mosquitoes in a region during a specific time 
period. To calculate vector abundance, the total 
number of a single species collected is divided 
by the number of traps used on any given 
night.11 For immature mosquitoes, the standard 

surveillance method is number of larvae and 
pupae observed in a standard “dip count.” 

Emergency response plans, including appropriate 
action thresholds, are valuable in situations 
when issues of public health are involved.53 Risk 
assessments can be developed to provide a way 
to characterize disease transmission risk and 
response. An example risk assessment form for 
West Nile virus (WNV) or St. Louis encephalitis 
virus (SLEV) can be found in the California 
Mosquito-Borne Virus Surveillance & Response 
Plan (https://westnile.ca.gov/download.
php?download_id=4602).56

Vector and Arbovirus Surveillance Data

Action thresholds targeting Culex to reduce 
arbovirus transmission should use adult 
surveillance data, not larval. The primary Culex 
vector(s) could be different among regions, 
and even within a region may vary between 
rural, suburban, and urban environments. 
Consequently, action thresholds must be tailored 
to the specific species and habitat and should be 
calculated at a scale deemed appropriate by the 
local mosquito and vector control program.110

Data collected during arbovirus surveillance 
can also be used to establish an action threshold. 
Several methods exist to quantify arbovirus data 
collected from mosquitoes:

•  Minimum infection rates
•  Maximum likelihood estimates
•  Vector index

When setting action thresholds based on 
arbovirus surveillance data using mosquito 
pools, minimum infection rates (MIR) may 
be used when infection rates are low, such as 
early in the season. To calculate a MIR, use 
the following equation: ([number of positive 

https://westnile.ca.gov/download.php?download_id=4602
https://westnile.ca.gov/download.php?download_id=4602
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mosquito pools / total number of individual 
mosquitoes tested] * 1000). When infection 
rates are high, maximum likelihood estimates 
(MLE) should be used.11 Calculating MLEs is 
more complicated and requires the use of a data 
manipulating software such as Microsoft Excel. 
Mosquito control programs less familiar with 
calculating MLEs are encouraged to reach out 
to experienced mosquito control programs to 
gain hands on training. Additionally, the CDC 
provides downloadable spreadsheets that can 
be found at https://www.cdc.gov/westnile/
resourcepages/mosqSurvSoft.html. The number 
of species, trap locations, and trapping cycle 
data used can affect calculated values. One 
approach to calculate these values is to only use 
data collected for one species, from one trap 
location, and one trapping cycle (e.g., one week). 
However, different programs may use different 
datasets. 

Alternatively, a vector index (VI) uses both 
vector abundance and arbovirus data to create 
action thresholds for a given area. “The VI is 
calculated by multiplying the average number 
of mosquitoes collected per trap night by the 
proportion infected with a pathogen, and is 
expressed as the average number of infected 
mosquitoes collected per trap night in the area 
during the sampling period.”11 When several 
WNV vector species are present in a single area, 
a VI is calculated for each species and then added 
together. By summing the individual values, the 
total VI accounts for the fact that multiple vectors 
may be transmitting WNV in the area. As the 
VI increases, the risk of WNV transmission to 
humans increases as well. Additionally, studies 
have demonstrated that the VI better describes 
WNV risk transmission than vector abundance, 
MIRs, or MLEs alone.11, 111

Arbovirus surveillance data collected using 
birds (live wild birds, chicken flocks, and dead 

birds), equine cases, and human cases can also 
be used to establish action thresholds and may 
be easier to analyze than vector abundance or 
arbovirus surveillance data using mosquitoes. 
In these cases, the action threshold is reached 
once a predetermined number of positive birds/
cases has been reached. For instance, one case 
of human WNV may trigger intervention. 
However, documented human cases occur after 
arbovirus transmission to humans has started.11 
Thus, human case data are not sensitive enough 
to be used as the only trigger to perform an 
intervention because the goal of a public health 
focused program should be the prevention of 
human infection. Remember that proactive 
surveillance is intended to PREVENT human 
cases of disease. Thus, although this data is 
valuable and a response should be undertaken 
when positive human cases occur, public health 
professionals should not solely rely on this 
information. 

Setting a realistic trigger or action threshold 
for management decisions is highly specific to 
each mosquito program and must be tailored 
according to local administrative codes, public 
acceptance, and public health threat. The CDC 
has provided guidance on factors to consider 
when setting action thresholds for WNV 
transmission risk (Table 4).11 The complete CDC 
response plan for WNV is currently available 
at https://www.cdc.gov/westnile/resources/
pdfs/wnvGuidelines.pdf.

Additional Considerations for Aedes aegypti 
and Ae. albopictus

There are additional considerations when setting 
action thresholds for Ae. aegypti and  
Ae. albopictus. Surveillance and action thresholds 
may incorporate measures such as the house, 
container, and/or Breteau indices, or even an egg 
(oviposition cup) index (see section on Mosquito 

https://www.cdc.gov/westnile/resourcepages/mosqSurvSoft.html
https://www.cdc.gov/westnile/resourcepages/mosqSurvSoft.html
https://www.cdc.gov/westnile/resources/pdfs/wnvGuidelines.pdf
https://www.cdc.gov/westnile/resources/pdfs/wnvGuidelines.pdf
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Surveillance for more information). Because  
Ae. aegypti has a short flight range, large numbers 
of adult sampling stations are needed to 
accurately assess adult populations within a local 
or regional area, which is often impossible for 
many mosquito control programs. Further, larval 
indices do not correlate well with adult catches.65 

Thus, current entomological indices may not 
reliably assess biting or disease transmission 
risks. For this species (in consideration of disease 
transmission potential, public service requests, 
and economics of spray decisions), setting action 
thresholds as low as reasonably possible is 
recommended.

Table 4. CDC recommendations for a phased response to WNV surveillance data11 
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Case Studies 

Field data and information that are collected should be used to make management decisions 
on best response plans. Described below are three imported Zika cases reported to the Manatee 
County Mosquito Control District, the field information collected, and subsequent response.

Case 1: A middle-aged woman had returned from a Caribbean Island vacation in July 2016  
and complained to her doctor of feeling ill. The local health department determined the  
illness to be related to a Zika infection, and the local mosquito control program was notified 
the same day.

The field investigation determined that the patient resided in an affluent, gated neighborhood 
with a very active homeowners association. No adult Ae. aegypti or Ae. albopictus larvae were 
found during an hour-long search over a one-quarter mile radius around the patient’s home. 
No mosquito source containers were located. Since the risk of local disease transmission was 
very low, no additional control measures were taken.

Case 2: A teenaged boy had returned within his family from a Caribbean vacation, became 
ill, and was determined to have a Zika infection. Like Case 1, the boy resided in an affluent 
neighborhood and a field investigation found no adults or larvae within the community. 
However, the boy was active in extracurricular school activities. An investigation around 
the high school found numerous Ae. aegypti and Ae. albopictus breeding habitats, as well as 
some adults of each species. These larval habitats were quickly eliminated, and the school’s 
maintenance crew was educated. A handheld fogger was used to kill the few adults found 
around the agricultural club and athletic fields, which harbored tires used for football practice.

Case 3: A 35-year-old woman returned from visiting extended family in Honduras. After 
returning home, she felt ill but delayed seeking medical attention. After a week of being ill, she 
presented to a medical clinic where her state department of public health determined that she 
had been infected with Zika.

Field investigation found this to be a “worst-case scenario.” She resided in a high-density 
community trailer park. Laundry was often done outdoors, and gray water was openly 
discharged. Garbage and refuse had accumulated throughout the trailer park. Virtually every 
home had some degree of mosquito activity, with some homes having hundreds of individual 
sources (containers). Adult Ae. aegypti were present in high numbers. Further, the community 
of 70 trailers included four to fice “social” areas where residents would gather after work and 
into the evening.

In response, the mosquito control program quickly assembled 14 employees, who were 
divided into four teams, with each team responsible for one section of the community. The 
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Case Studies (Continued):

response included source reduction of larval habitats, application of chemical larvicides to 
habitats that could not be eliminated, application of ultra-low volume adulticides via handheld 
foggers throughout the community and targeted shaded areas, application of long-lasting 
barrier sprays to hedge rows, shaded areas, and community social gathering sites, and active 
Zika-prevention education of the residents using bilingual employees and door-hanging 
leaflets. The area was inspected again one day later and again at days three and seven. No 
additional larvae or adults were found. Aerial applications of larvicides and adulticides were 
considered but were not used, given the apparent success using the approach described earlier. 
In addition to the 70 trailers within the community, a neighboring community of single-family 
homes was also inspected and treated similarly.
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Summary

•  Source reduction is the single most effective means of mosquito control.
•  Source reduction begins with a detailed larval survey, including key container types and 

geographic characteristics (uneven ground, ditches, etc.) that serve as sources for larval 
mosquito development.

•  Efforts should be made to prevent and eliminate stagnant bodies of water. For example, 
using rip rap at culverts that reduce water energetics and prevent scouring of soil, 
removing depressions in the ground that cause pooling, introducing a current into bodies 
of water, and/or eliminating the overflow of water can prevent the development of a 
potential mosquito breeding habitat.

•  Empty all containers of standing water. Even a cap full of water can be used as a 
mosquito breeding source. 

•  Consider both natural and manufactured containers when making efforts to control 
container- inhabiting mosquitoes.

•  Removal of conspicuous open containers may “push” Ae. albopictus females to lay eggs in 
cryptic habitats; therefore, locating and assessing all potential container sources is critical, 
including those that may be more difficult to identify, access, and treat with larvicides.

•  Community engagement and partnership to develop land management plans is essential 
for successful habitat modification and eventual source reduction practices.

LARVAL SOURCE REDUCTION

Introduction

All immature mosquitoes develop in water; 
however, larval habitats can vary greatly 
between and within genera of mosquitoes. 
Often, a mosquito species will be adapted to 
a very specific type of aquatic habitat, such as 
pools or ponds of fresh or brackish water with 
characteristic vegetation (Table 1). Programs 
targeting specific genera/species need to 
understand the biology and ecology of the 
target to ensure control efforts are focused on 
the appropriate larval habitats to achieve the 

intended goal. For more information on this 
topic, please refer to the Mosquitoes, Disease, 
and Management section.

To prevent mosquito production, larval source 
reduction can be the most effective means of 
vector control.52, 112 Larval source management 
(LSM) involves the removal, modification, 
and monitoring of aquatic habitats to reduce 
mosquito breeding and human-vector contact. 
Interventions for LSM range from simple (e.g., 
draining aquatic sites or removing water-holding 
containers capable of producing mosquitoes) 
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to complex (e.g., implementing Rotational 
Impoundment Management or Open Marsh 
Water Management techniques).53

Detailed recommendations on large-scale 
environmental modification for the control 
of freshwater and salt-marsh mosquitoes are 
beyond the scope of these recommendations (a 
detailed summary of such methods can be found 
in the Florida Mosquito Control Handbook).53 
Briefly, source reduction in freshwater habitats 
(e.g., floodplains, swamps, and marshes) 
typically involves constructing and maintaining 
channels. These channels or ditches can serve 
the dual functions of dewatering an area before 
mosquito emergence can occur and as harborage 
for larvivorous fish. Large-scale environmental 
modification requires close cooperation with 
local, regional, and national government, and 
must be conducted with a clear understanding of 
the potential environmental impact on target and 
non-target species.

Non-Container Culex

Different Culex mosquitoes can live in very 
different environments depending on the species 
and geographic region (Table 1).29 Generally, 
Cx, pipiens, Cx. quinquefasciatus, and Cx. restuans 
prefer to lay eggs in organically enriched water 
bodies. Storm water ditches, storm water catch 
basins, and other man-made containers can all 
serve as excellent oviposition sites for these 
mosquitoes. Mosquito production from storm 
water/wastewater habitats can be managed by 
keeping the area free of weeds through an aquatic 
plant management program and by maintaining 
water quality that can support larvivorous fish. 
Ensure storm water ditches are clear of debris 
that can impede the flow of water, causing highly 
organic aquatic habitats to form. If culverts have 
grates over the front, make sure they remain free 
of debris. Prevent creating new breeding habitats 

by poorly designed ditches, rain gardens, and 
bioswales. Shallow ditches or culvert areas 
could be improved to have water infiltrate better 
through selective plantings by choosing plants 
and flowers with deep root systems that can 
tolerate “wet feet” for 2-4 days.

Public outreach campaigns enlisting the aid 
from different groups within the community 
can eliminate larval habitats for Culex as well. 
Homeowners should be encouraged to eliminate 
standing water sources on their property so that 
water does not sit in low areas for more than 
5-7 days to reduce larval habitats. Businesses 
that store tires on their properties should be 
encouraged to prevent rainwater accumulation 
by installing tarps or awnings over tire piles. 
Developing relationships with public works 
and city engineers and educating them on the 
importance of incorporating best mosquito 
management practices in city planning can 
eliminate mosquito larval habitat. For instance, 
use of rip rap at culverts can reduce water 
energetics and prevent scouring of soil that 
creates a depression in the ground that can 
become a water body that does not drain. 

Some West Nile virus (WNV) vectors can be 
found in suburban and rural environments. 
For instance, Cx. tarsalis or Cx. nigripalpus tend 
to prefer more rural and vegetative habitats. 
Additionally, Cx. pipiens and Cx. restuans can 
be found in clear woodland pools (Table 1).29 
Additional environments conducive for Culex 
breeding include: residential landscaping, 
rural land, agricultural sites such as rice fields, 
and septic holding areas (Table 5). Each of 
these unique environments has different best 
management practices, but one commonality is 
contacting the property manager and developing 
an overall property management plan that is 
tailored to the species and geography before any 
habitat modification occurs. These plans can 
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a Any container or area that can hold water for 5-7 days. Mosquito habitats can overlap; however, specific species may 
vary based on habitat and location. When possible, identify mosquitoes to species to discern level of public health threat.

Table 5. Example Ae. aegypti, Ae. albopictus, and Culex spp. habitatsa
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include many different methods but may involve 
eliminating depressions in the ground that can 
hold water (e.g., laser leveling), introducing 
water current to dissuade oviposition by gravid 
females, and/or eliminating the source of 
excess water (e.g., preventing overirrigating of 
ornamental plants). 

Permanent waterbodies such as ponds, lakes, and 
rivers are generally not suitable for oviposition 
due to the presence of natural predators, such 
as small fish or aquatic insects, and fast-moving 
currents. Some species of Culex larvae may 
be found in the periphery of these types of 
water, but careful identification of the species 
is necessary before eliminating or modifying 
these habitats because not all Culex mosquitoes 
can transmit arboviruses to humans and control 
efforts should not target them. For instance, Cx. 
territans larvae may be found in the vegetation 
of ponds, but adult mosquitoes of this species do 
not feed on birds or humans and do not warrant 
any control efforts. 

Container Culex, Aedes aegypti, and Ae. 
albopictus

In urban environments, artificial containers 
can be significant breeding sites for mosquitoes 
such as Cx. quinquefasciatus, Ae. aegypti, and 
Ae. albopictus. Source reduction, if carried out 
comprehensively, is the most effective control 
method against container-inhabiting Aedes 
species.113 However, this method is operationally 
difficult to implement and sustain. Container 
removal programs and so-called “tip-and-toss” 
techniques (overturning containers holding 
water) are effective in eliminating habitat 
and may be combined with direct larvicide 
treatments.114 Given the large number of potential 
container sources (Table 5) and circumstances 
where many of these containers are situated 
on private property, this approach may have 

only limited success while being labor-intensive 
and time-consuming. Successful “tip-and-toss” 
programs almost always require public education 
efforts and close cooperation with the community 
(See section on Community Engagement). Such 
programs have met with varied success. In 
central New Jersey, Ae. albopictus populations 
were suppressed (75% fewer adults) by 
combining source reduction efforts with ultra-
low volume (ULV) adulticiding.57 

Containers harboring disease vectors can be 
natural or artificially occurring (Figure 10).115 

Examples of natural habitats include tree holes 
and pitcher plants. Artificial habitats may be 
containers such as tires, cemetery vases, and 
illegally dumped trash. Identification and 
elimination of standing container water sources, 
even if small, is a critical element for controlling 
these mosquitoes. In a New Jersey inner-
city urban neighborhood, the most abundant 
containers with Ae. albopictus larvae were small 
trash items and the least abundant were tree 
holes, suggesting that mosquito control servicing 
urban environments should focus efforts on 
artificial containers.65 Containers harboring Cx. 
quinquefasciatus and Aedes spp. may not be just 
“trash.” Many of these containers are in use by 
homeowners (e.g., for recycling or water storage) 
and, thus, cannot simply be eliminated. Where 
feasible and acceptable, proactively drilling 
drainage holes in such containers may be useful.

The variety, abundance, and frequently obscure 
locations of container breeding larval habitats 
(Table 5) means total elimination requires a level 
of control that is not currently possible within 
most IMM programs. Environmental control and 
source reduction efforts begin with a detailed 
larval survey to determine the key container 
types that serve as sources for local mosquito 
populations. Notably, removal of conspicuous 
open containers may “push” Ae. albopictus 
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females to oviposit in cryptic habitats; hence, 
locating and assessing all potential container 

sources is critical, including those that may be 
more difficult to identify, access, and treat with 
larvicides.57, 114

Figure 10. Various containers collecting water resulting in the creation of mosquito habitats

Source: Ary Faraji
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Summary

•  Large aquatic predators such as Gambusia spp. fish may control mosquito larvae to 
some extent in permanent or semi-permanent bodies of water but will not control adult 
mosquitoes fully.

•  Small aquatic predators (e.g., Toxorhynchites spp. mosquitoes) may reduce the number of 
mosquitoes in an area; however, using these organisms present challenges such as: cost of 
rearing and implementation and susceptibility to other mosquito control methods.

•  Implementing biological control programs require significant resources, thus, the cost of 
implementation may be prohibitive.

•  Proper agencies must be consulted, and the potential environmental impact must be 
assessed before releasing any biological control agent.

•  Bats, birds, and dragonfly nymphs are not an effective component of a mosquito control 
program.

Biological control (biocontrol) uses one or 
multiple organisms to control another organism 
such as mosquitoes.53 Examples of biological 
control agents include vertebrates, invertebrates, 
and microorganisms.116 Mosquitocidal bacteria 
and insect growth regulators are discussed 
in depth in the Larvicides, Pupicides, and 
Adulticides section. However, these larvicides 
can be categorized as biocontrol, and personnel 
should refer to their organizations’ classification.

Fish are readily available predators that can be 
used for biocontrol. The mosquitofish, Gambusia 
spp., are small fish native to eastern North 
America and may be considered an invasive 
species elsewhere. Typically, Gambusia spp. are 
most effective in permanent habitats where 
Culex and Anopheles are the primary species 

of concern, mosquito densities are low, and 
vegetation is relatively sparse.53 Their ability to 
control mosquitoes varies widely from excellent 
to none.53 Success has been demonstrated in 
semi-permanent habitats such as rice fields117 
and is recommended for some wetland 
habitats in California. The fathead minnow, 
Pimephales promelas, has been shown to control 
Culex populations while reducing the need for 
larvicides and may be an effective biocontrol 
species in areas where the fish is native.118 

Unfortunately, problems exist when using fish 
in biocontrol programs. Gambusia spp. and 
other fish do poorly in colder climates and may 
negatively impact native species.119 Additionally, 
the fluctuating nature of aquatic habitats that 
support Culex mosquitoes present specific 
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problems for establishing fish populations. If 
there is significant rain, small fish introduced 
into ditches may be flushed to permanent water 
bodies resulting in the need to restock fish. 
Alternatively, if the ditch dries out, the fish will 
die. Introducing fish may also introduce diseases 
into the natural environment.120 Agencies 
wishing to explore the use of biocontrol need to 
source fish carefully or raise their own. Raising 
fish requires significant resources including time, 
money, equipment, and personnel. 

Biological control of container-inhabiting 
mosquitoes poses challenges. Sources of 
water can be cryptic and ephemeral. Thus, 
identifying sources then introducing and 
sustaining biocontrol agents is difficult. For these 
mosquitoes, simply removing water sources 
from the environment is generally more effective. 
However, smaller predators (e.g., Mesocyclops 
longisetus [predacious copepods]) have been 
used with some success.121 Mosquito larvae in 
the genus Toxorhynchites are predatory on small 
aquatic organisms including other mosquitoes 
(Figure 11)122 and have been associated with 
reduced populations of Ae. albopictus when 
both species coexist in the same habitat.123 Mass 
rearing Toxorhynchites spp. can be challenging 
and expensive,122, 124 and using these mosquitoes 
in biocontrol programs can be further 
complicated if chemical intervention occurs after 
release.124 However, releasing Toxorhynchites may 
be a useful control tool in certain situations.124

Recently, sterile male technique has been 
investigated to control populations of invasive 
Aedes in the U.S. using either genetically 
modified males or males infected with the 
bacteria Wolbachia.53 In short, male mosquitoes 
that prevent females from laying viable eggs 
are created in the laboratory. These males are 
then released, mate with female mosquitoes, 
and interfere with the normal reproduction of a 

wild population.53 Large field trials in the U.S. 
have investigated two different approaches and 
have shown promising results.53, 125, 126 However, 
challenges to these techniques include mass 
rearing enough males, sorting male and female 
mosquitoes, and negative public perception.127

Bats,128 birds,129 and dragonfly nymphs have 
been suggested as voracious predators of 
mosquitoes; however, evidence suggests that 
this is not true. They are not selective predators 
of mosquitoes and are not effective at reducing 
adult mosquito populations. 

Before introducing any biological control 
organisms, keep non-target organism impacts 
in mind. Additionally, refer to any state or local 
regulations and obtain necessary permitting.

Figure 11. Toxorhynchites rutilus larva eating 
mosquito larva

Source: Anita Schiller
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Summary

•  Always read and follow product labels.
•  Avoid stockpiling insecticides by only purchasing enough product for one season.
•  Always store and transport pesticides according to label requirements.
•  Using both larvicides and adulticides in a mosquito control program best manages 

populations of mosquitoes by killing existing adults and preventing new adults from 
emerging.

•  Immature mosquito control:
o  Choices of larvicides and pupicides are based on the individual needs of mosquito 

control programs.
o  Factors to consider when choosing appropriate products include species of concern, 

efficacy, potential for resistance, cost, target specificity, regulatory requirements, and 
environmental compatibility. 

o  Application of larvicides and pupicides should be considered in the context of an IMM 
program to control mosquitoes.

o  Selection of formulation and application method should be based on the larval habitat 
and species. 

o  Granules and pellets may be applied by hand, rotary disk spreaders, power backpack 
blowers and sling seeders; or by using aircraft and vehicle-mounted spreaders. 

o  Briquettes, water-soluble pouches, tablets, or dunks may be directly applied by hand 
or with specialized dispensing equipment.

o  Conventional liquid larvicide applications targeted to discrete habitats should be 
made with medium to very-coarse size droplet spectra (ASABE S572.1 Droplet Size 
Classification).

o  Low-volume (LV) liquid larvicide applications for wide-area control should be made 
using target-specific larvicides, appropriate equipment, and very-fine (VF) to fine (F) 
droplet sizes (ASABE S572.1 Droplet Size Classification) during periods of favorable 
atmospheric conditions. Conventional ultra-low volume (ULV) equipment is generally 
not appropriate for these applications.

o  Hot spot treatments such as backpack LV sprays for container mosquito control reduce 
the time and effort needed for door-to-door campaigns in large areas.

•  Adult mosquito control:
o  Adulticiding should be used when deemed necessary, according to data gathered in 

surveillance activities or in response to public health needs.

LARVICIDES, PUPICIDES, AND ADULTICIDES
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General Insecticide Considerations

Insecticide applications for immature and 
adult mosquitoes may be necessary after other 
management options have been considered, 
data from surveillance efforts justifies use, or 
there is a public health need. Decisions to use 
insecticides should never be based solely on 
weather patterns or a regular schedule. When 
feasible, using both larvicides and adulticides 
in a mosquito control program best manages 
populations of mosquitoes by killing existing 
adults and preventing new adults from emerging. 
Surveillance-based decisions are essential to 
avoid unnecessary introduction of insecticides 
into the environment, non-target effects, or 
selection for insecticide resistance (see section 
on Setting Action Thresholds). When possible, 
habitat modification or biocontrol methods 

should be used in conjunction with all insecticide 
application procedures (see sections on Larval 
Source Reduction and Biological Control). 

When purchasing any pesticide, attempts 
should be made to acquire the amount needed 
for one season to avoid creating stockpiles. 
Avoiding stockpiles can save money if future 
changes to the registration require disposing of 
excess inventory. Keeping detailed purchasing 
and usage records help forecast the amount of 
insecticide needed year to year. If historic data 
does not exist, reach out to more established/
larger mosquito control programs to help 
anticipate need. 

Pesticide product labels must always be read, 
understood, and followed. Product labels are 
created by manufacturers and approved by the 

o  Efforts must be made to focus adulticide applications within intended target areas and 
avoid non-target organism impacts.

o  Visit the U.S. Fish and Wildlife Service (USFWS) Endangered Species website to obtain 
a list of endangered species that may be in a treatment area before application and/or 
coordinate activities with local USFWS office.

o  Communicating with the public before an adulticide application ensures people can 
take precautions if they choose.

o  ULV applications are the only effective means of rapidly reducing transmission risk 
during arboviral disease outbreaks.

o  ULV applications can be effective in reducing populations of adult container Aedes in 
peridomestic environments, even when applied at night.

o  Both ground and aerial ULV applications of EPA registered public health pesticides are 
effective at reducing populations of WNV and other mosquito-borne disease vectors.

o  Barrier and residual sprays can provide long-lasting control of adult mosquito 
populations and should be focused on structures when possible to avoid non-target 
effects.

o  Additional adult mosquito control methods may exist and could be incorporated into 
a control program.
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Environmental Protection Agency (EPA) with 
the intent to protect bystanders, application 
personnel, and the environment, and provide 
instructions about how to handle and use the 
product safely.130 Additionally, seek-out and 
follow all federal, state, tribal, and local pesticide 
licensing and application requirements to 
avoid breaking the law and incurring penalties. 
Licensing programs and regulations are similarly 
created to ensure application personnel are 
properly trained and to protect people and the 
environment. Finally, ensure all permits are 
obtained before applying any pesticide. The EPA 
National Pollutant Discharge Elimination System 
program regulates any pesticide coming from a 
point source that may leave a residue on waters 
of the U.S. by issuing permits.131 The agency 
that issues the permit varies on the location 
of the pesticide application. More information 
can be found at https://www.epa.gov/npdes/
pesticide-permitting.

In the event that stored insecticide products have 
a cancelled, suspended, or modified product 
label, consult with federal, state, and tribal laws 
to ensure use of the product is allowed. For more 
information on this topic, visit the EPA website at 
https://www.epa.gov/pesticide-labels/policy-
existing-stocks-pesticide-products.

Ensure all pesticides are stored, secured, 
and disposed of appropriately as per label 
requirements. Pesticide storage cabinets, 
rooms with sufficient ventilation and locks, 
and lockboxes on trucks can be used to secure 
pesticides and prevent unlawful access and 
use. Pay-for-services exist that will remove and 
properly dispose of excess pesticides.
 
Immature Mosquito Control

Larvicides and pupicides are products applied 
to control immature mosquitoes (larvae and 

pupae). Choices of larvicides and pupicides 
should be based on the individual needs of 
mosquito control programs, with attention 
paid to efficacy, cost, potential for insecticide 
resistance, target specificity, regulatory 
requirements, and environmental compatibility. 
Larvicides may be directly placed into water 
sources such as cemetery vases or catch basins. 
For small habitats, compressed air sprayers or 
manual pump backpacks may be used to apply 
liquid larvicides. Granules or pellets may be 
applied by hand, rotary disk spreaders, or sling 
seeders. Larger habitats should be treated using 
motorized backpacks, vehicle-mounted, or aerial 
application equipment. 

Many different modes of action, active 
ingredients, and formulated products are 
commercially available in the U.S. for larviciding 
(Table 6). Put simply, the mode of action of 
a pesticide is the way the active ingredient 
disrupts the normal biological processes of the 
insect that ultimately results in death. Design 
of a larvicide strategy that incorporates rotating 
between different active ingredients is important 
to mitigate selecting for insecticide resistance. 
For more information about the mode of action 
of a pesticide, the Insecticide Resistance Action 
Committee (IRAC) has resources available online 
at https://irac-online.org/.  
 
Available modes of action for mosquito 
larviciding in the U.S.: (Note: Some active 
ingredients and classes may not be available in every 
state and use may be restricted. Always follow all 
local, state, and tribal laws when choosing a larvicide.)

•  Bacterial larvicides – Proteins created 
by a microbe that disrupt the membrane 
surrounding an insect’s midgut.

•  Insect growth regulators – Hormones that 
prevent an immature insect from becoming 
an adult.

https://www.epa.gov/npdes/pesticide-permitting
https://www.epa.gov/npdes/pesticide-permitting
https://www.epa.gov/pesticide-labels/policy-existing-stocks-pesticide-products
https://www.epa.gov/pesticide-labels/policy-existing-stocks-pesticide-products
https://irac-online.org/
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•  Chitin synthesis inhibitors – Insecticides that 
prevent an insect from molting. 

•  Spinosyns – Toxins obtained from soil 
bacteria during fermentation that interfere 
with insect nerve function.

•  Film forming surface agents – Oils and 
fatty acids applied to water surfaces that 
suffocate pupae and larvae. 

As mentioned above, larvicide products should 
only be applied by trained/licensed personnel in 
accordance with current EPA label and federal, 
state, and/or tribal approval. Always read and 
follow directions on the label.

Larvicides are available in a variety of 
formulations (Table 7), including solids such 
as granules (G, GR, GS), pellet (P, S-PT), direct 
application tablets (DT), water-dispersible 
granules (WDG, WG), dry flowable (DF), 
extended-release briquettes (XR, Ingot), and 
water-soluble pouches (WSP, XRP). Liquid 

formulations include aqueous suspensions 
(AS, SC), slow-release concentrates (SR), and 
emulsifiable concentrates (EC). Products are 
formulated differently to achieve different goals 
such as easing application, increasing residual 
activity, improving storage stability, or delivering 
multiple active ingredients simultaneously.

Choice of formulation should be driven by 
careful consideration of the target species and 
habitat. Water dispersible granules, aqueous 
suspensions, and emulsifiable concentrates 
are generally sprayed in an aqueous mixture 
to cover larger open-water sites. Granules 
and pellets are often necessary for treatment 
of densely vegetated larval habitats where 
penetration of liquid sprays is impeded by 
the canopy. Direct application tablets are also 
designed for convenient application to container 
habitats. Water dispersible granules may also 
be directly applied to containers for residual 
control. Briquettes and water-soluble pouches 

Table 6. Larvicide/pupicide mode of action, active ingredients, target specificity, and  
resistance potentiala

a Not every active ingredient, class, or product may be available in every state. Always follow local, state, and tribal laws   
  before using any larvicide.
b Based on IRAC classification. The AMCA does not endorse the use of any specific product. Any mention of a product 
name or active ingredient is not a recommendation or statement of efficacy. .
c For information on larvicide formulations, see Table 7. Always read and follow label instructions before applying any 
pesticide
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are designed for residual treatment of catch 
basins and may be used in surface water habitats. 
Aqueous sprays of water dispersible granules 
and aqueous suspension formulations are also 
used in area-wide, low-volume (LV) larvicide 
applications for cost effective distribution over 
terrestrial areas for area-wide container mosquito 
treatments. Film forming surface agents are 
generally required when a high density of pupae 
is found in a larval source. Other larvicides are 
not effective against pupae.

Non-Container Culex

Before managing populations of Culex using 
larvicides, a mosquito control program must 
know the target species, susceptibility of the 
target species to the product, target habitat 
characteristics, treatment history, presence of 

non-target species and predators in the treatment 
area, crop tolerances, phytotoxicity, organic status 
of agricultural sites (i.e., does the farm grow 
certified organic produce or not), and available 
application equipment. Decisions on which 
product to use and how should be made after 
carefully considering all the above information. 
For more information on when and how to 
use a specific product, contact your pesticide 
manufacturer or distributor representative.

Knowing the target species and its susceptibility 
to available products are critical. Susceptibility 
within populations of mosquitoes can vary 
widely leading to the selection of insecticide 
resistance.15 Local susceptibility profiles and 
treatment history should be considered in 
selection of larvicides. Insecticide resistance 
management strategies can be employed to 

Table 7. Larvicide formulations and usages
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delay or prevent the development of insecticide 
resistance (see section on Monitoring Insecticide 
Resistance) and prevent control failures. 
Target habitat characteristics are essential to 
active ingredient and formulation choices. 
Success in densely vegetated sources will often 
require granule or pellet formulations as noted 
above. Organic pollution and water displacement 
in habitats conducive for Cx. pipiens and Cx. 
quinquefasciatus such as septic ditches, sewage 
lagoons, log ponds, and dairy waste ponds 
can impact efficacy and the residual profile of 
larvicides. Additionally, understanding where 
these waters discharge and making evidence-
based treatment decisions should be considered 
as well. 

Extended residual formulations can reduce 
application labor and are particularly useful 
for managing Culex spp. in storm drains, 
catch basins, and other urban breeding sites. 
Careful record keeping and monitoring levels 
of insecticide resistance are necessary to ensure 
continued control of populations using these 
formulations. 

Suburban and rural sites such as wetlands, 
duck clubs, brackish marshes, coastal habitats, 
and other natural areas can be significant 
breeding sites for the West Nile virus (WNV) 
and St. Louis encephalitis virus (SLEV) vectors 
Cx. tarsalis, Cx. nigripalpus, and Cx. salinarius. 
Treating these types of sites with larvicides 
require special care to avoid impacts on non-
target species. Follow label directions and 
communicate with the regional office of the U.S. 
Fish and Wildlife Service (USFWS; https://
www.fws.gov/endangered/) and the regional 
office of the Commerce Department’s National 
Marine Fisheries Service (NMFS; https://www.
fisheries.noaa.gov/contact-directory/regional-
offices). These agencies need to be contacted to 
determine if there are candidate, threatened, 

and/or endangered species in the treatment area. 
Because these types of sites are used for multiple 
purposes (i.e., recreation, wildlife refuges, food 
production, etc.), highly target-specific larvicides 
should be used when necessary. In agricultural 
sources, communication with the growers is 
essential to avoid concerns about crop damage 
or impacts on organic status of fields. Contact 
the American Mosquito Control Association for 
advice on discussions with USFWS and NMFS 
(https://www.mosquito.org/page/contact).

Broadcast application of larvicides will 
require attention to the type of equipment 
and calibration. Whether using backpack 
application, vehicle-mounted sprayers, or aircraft 
(manned and unmanned), an understanding 
of the effective treatment swath, downwind 
displacement, and speed of the applicator or 
equipment is needed to achieve the proper 
application rate and on-target deposition. The use 
of unmanned aerial systems (UAS; also known 
as drones) in larvicide application is rapidly 
developing in several mosquito control programs 
and commercially, especially when habitats 
cannot be easily reached using other means. 
Ensure all Federal Aviation Administration (FAA) 
regulations are followed, and any additional 
permits are obtained before utilizing UAS.

Container Culex, Ae. aegypti, and Ae. albopictus 

For container-inhabiting Aedes and Culex spp. 
(such as Cx. quinquefasciatus), given the large 
number of potential larval sites and the fact that 
many of these containers are located on private 
property, direct application of larvicides may 
have only limited success and is labor-intensive, 
time-consuming, and requires public education 
efforts and close cooperation with the community 
(see section on Community Engagement).114 
However, if practical, direct application should 
be incorporated into an overall IMM approach, 

https://www.fws.gov/endangered/
https://www.fws.gov/endangered/
https://www.fisheries.noaa.gov/contact-directory/regional-offices
https://www.fisheries.noaa.gov/contact-directory/regional-offices
https://www.fisheries.noaa.gov/contact-directory/regional-offices
https://www.mosquito.org/page/contact
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because many of the products available are 
effective and may have a long-lasting residual 
effect. Because the larval habitats of these species 
are containers that tend to hold small volumes of 
water with little to no outflow, most insecticides 
that infiltrate those habitats exhibit maximum 
toxicity and persist for a longer period than if 
they were applied to open water habitats.114

Area-wide, small-drop, LV larvicide spraying 
effectively delivers insecticides to broad areas, 
including container habitats that may be 
inaccessible for direct application efforts.114, 

132 Area-wide LV larviciding strategies are 
supported by more than 25 years of research 
and operational evaluation globally. Like aerosol 
ultra-low volume (ULV) adulticiding, where the 
small droplets rely on winds to aid in dispersal, 
area-wide LV larviciding relies on weather 
conditions for delivery. The major difference 
between the two approaches is droplet size. For 
ULV adulticiding, a droplet size range of 5 to 25 
µm is most efficient,133 because this size is most 
likely to stay aloft and deliver a toxic dose to 
the adult mosquito on contact.133, 134 However, 
for area-wide LV larviciding, a larger droplet 
size (30 to 235 µm) is required to create a droplet 
that is light enough to stay aloft temporarily but 
heavy enough to settle into containers harboring 
mosquito larvae.135, 136 This approach allows for 
hundreds of residential parcels to be treated in a 
single nightly application.57 

Area-wide LV application of larvicides generally 
uses aqueous suspensions of WDG formulations 
of Bacillus thuringiensis israelensis (Bti) because 
of affordability, superior efficacy, reduced 
non-target impact, favorable environmental 
profile, lack of insecticide resistance, and ease 
of operational use.57 Slow release S-methoprene 
formulations are also used in some cases. 
However, not all formulations are labeled for 
urban and residential area-wide LV application. 

Therefore, always consult the product’s label to 
ensure the intended application is permitted. 
Conventional ULV equipment commonly 
used in mosquito and vector control programs 
have insufficient flow rates for area-wide LV 
application.135 When performing area-wide LV 
applications using backpack and truck mounted 
sprayers, equipment that generates a volume 
median diameter (VMD) droplet between 50 to 
150 µm is ideal but the entire very fine to fine 
spectrum can be effective.137 Aerial equipment 
also has been used to apply Bti in areas where 
container mosquitoes are present and risk of 
arboviruses is high.114

Hot spot treatments rely on ground larval 
surveillance, aerial photography or imagery, GIS 
modeling, and adult mosquito or oviposition trap 
surveillance data to pinpoint hot spots within 
target communities.138 Such an approach may 
be particularly useful for container-inhabiting 
mosquitoes because a small number of sites 
(such as junkyards, tire recycling sites, some 
residential sites) may be responsible for most of 
the mosquito production in a given area.114, 139

Hot spot treatments reduce the time and effort 
needed for door-to-door campaigns in large areas 
and help ease the pressure on mosquito control 
inspectors. Furthermore, during public health 
emergencies in response to arboviral disease 
cases, areas with human cases can be managed 
quickly and appropriately. Thus, this approach 
may be used as an effective tool in an IMM 
program. 

Adult Mosquito Control

Adulticides are applied to control adult 
mosquitoes in flight or at rest.114 Often, the most 
visible component of a mosquito control program 
is adulticiding, which can result in a perception 
that the main activity a mosquito control 
program performs is adulticiding. However, 
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Case Studies 

Using a Hot Spot Approach to Manage Aedes albopictus

In the urban habitats of central New Jersey, a hot spot approach was used for Ae. albopictus 
suppression that leveraged data from adult surveillance traps to determine focal locations of 
infestation.140 This approach reduced the use of chemicals and the amount of time spent on 
source reduction while effectively reducing adult mosquito populations. Notably, targeting hot 
spots achieved early-season (June to July), area-wide control.

Surveillance was conducted using BGS traps. Trapping locations were selected by overlaying 
a 175-meter grid over the study sites. These distances were based on the available resources 
within the county and on knowledge of Ae. albopictus flight range. Within the intervention site, 
175-meter grid resulted in 16 traps. The authors also sampled the control site to compare Ae. 
albopictus populations within the study site. Grids resulted in 24 BGS traps in the control site. 
Trapping locations were selected by asking permission from residents located near the center of 
each fishnet grid.

Sampling was performed once a week for 24 hours using BGS traps that were deployed in 
the shaded areas of backyards (near vegetation) for each parcel selected. The same trapping 
location was used every week. A trapping site was identified as a hot spot when five or more 
Ae. albopictus (i.e., intervention threshold) males or females were collected in that one trapping 
site. After a trapping site was identified as a hot spot, ArcGIS Desktop 9.2 was used to create a 
150-meter buffer around that location with three 50-meter increments.

Field crews with maps initiated inspections of selected parcels within the first 50-meter 
buffer, including front and backyards. After obtaining permission from each owner, control 
efforts were carried out in as many parcels as possible within each buffer. Field crews were 
deployed to different parcels to conduct a thorough inspection. Field crews inspected the 
front and backyards of each parcel, surveying everything that could potentially hold water 
and produce mosquitoes, such as plant pot saucers, tires, buckets, fence posts, and corrugated 
extension gutters. After parcels were thoroughly inspected, the alleys were also inspected. 
During inspections, different control methods (per case) were used, based on the nature of the 
mosquito infestation. Tires were the only containers removed with the resident’s permission. 
The remaining containers, both with and without water, were treated with a combination of 
two larvicides and a pupicide based on container type. In addition, overgrown vegetation 
was managed in abandoned parcels to eliminate mosquito resting areas and detect additional 
containers hidden under the brush. Barrier spraying was conducted when overgrown 
vegetation in alleys and abandoned parcels made brush removal unfeasible.
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in programs utilizing IMM, the decision to use 
an adulticide occurs after a pre-established 
action threshold has been reached and based on 
mosquito and/or arbovirus surveillance data. 
Adulticide applications are simply one more 
tool used in a complete IMM program and often 
occur only after other control efforts have been 
exhausted. 

In their most basic application, adulticides 
(Table 8) are applied as a ULV spray, whereby 
small amounts of insecticide are dispersed by 
aircraft or truck-mounted equipment. In some 
jurisdictions, adulticides may also be applied via 
thermal fogs, utilizing heat to atomize droplets. 
Adult mosquitoes may also be targeted with 
“barrier” treatments, which involve application 
of a residual insecticide to structures (or, when 
necessary, vegetation) where mosquitoes are 

known to rest. For some Aedes mosquito species, 
removal trapping and lethal oviposition traps 
may be effective. Regardless of where or how an 
adulticide (or larvicide) is applied, the product 
label must always be followed. 

Efforts must be made to limit exposure of 
non-target organisms to mosquito control 
agents and ensure application in target areas. 
Contact the regional office of the U.S. Fish 
and Wildlife Service (FWS; https://www.fws.
gov/endangered/) and the regional office of 
the National Marine Fisheries Service (NMFS; 
https://www.fisheries.noaa.gov/contact-
directory/regional-offices) to ask if there are 
candidate, threatened, and/or endangered 
species in the treatment area. If there are 
protected species, the FWS and NMFS will 
provide guidance on local requirements to 

Table 8. Adulticide mode of action, active ingredients, application use, and target specificitya

a  AMCA does not endorse the use of any specific product. Any mention of a product name or active ingredient is not a 
recommendation or statement of efficacy.
b This list is not meant to be comprehensive. Adulticide formulations include ready-to-use, water dilutables, and oil 
dilutables. Always read and follow label instructions before applying any pesticide.
c Piperonyl butoxide (PBO) is a synergist commonly paired with pyrethroids to enhance efficacy.

https://www.fws.gov/endangered/
https://www.fws.gov/endangered/
https://www.fisheries.noaa.gov/contact-directory/regional-offices
https://www.fisheries.noaa.gov/contact-directory/regional-offices


76

Larvicides, Pupicides, and Adulticides

ensure no imperiled species are impacted. 
Never apply an adulticide when an endangered 
species is active. Nighttime applications are most 
effective to avoid impacting non-target insects 
and to target flying mosquitoes. Additionally, 
properly calibrate application equipment each 
mosquito season to ensure correct droplet size 
and application rate and to reduce potential 
non-target impacts. Finally, tracking weather 
conditions, such as wind and thermal inversions, 
and using that information to make decisions 
about application timing helps ensure pesticides 
do not drift into unintended areas.

Communication with the public about 
adulticiding activities is critical for maintaining 
good public perception and relationships, 
including with elected officials. Notify the public 
before any adulticiding applications, so they can 
take any necessary precautions. Additionally, 
maintaining a list of local beekeepers and organic 
farmers to be notified prior to any adulticide 
mission is a common practice for mosquito 
control programs. Keeping beekeepers and 
farmers informed allows them to consider 
measures to protect their hives and crops as 
deemed necessary. For more information, see 
the section of this manual on Community 
Engagement).

Area-Wide ULV Adulticide Applications

Area-wide adulticide applications rely on 
atomizing a liquid insecticide to form millions 
of tiny droplets and dispersing them through 
the air. These applications are often referred to 
as ULV, ultra-low volume, applications and are 
applied with specialized equipment mounted 
in aircraft, on the back of trucks and ATVs, or 
by backpack and handheld applicators.53 The 
products are intended to drift through the 
target zone, persist in the air, and contact flying 
mosquitoes. Area-wide ULV applications of 

adulticides labeled for public health are short-
lived and meant to be effective while airborne. 
These applications are the only effective means of 
reducing adult mosquitoes and transmission risk 
during arboviral disease epidemics.141-144

The primary aim of area-wide ULV adulticide 
applications is to deliver an effective droplet 
size using the least amount of insecticide that 
will control target mosquitoes.114 Droplet sizes 
ranging from 5 to 25 µm for ground133, 145 and 25 
to 35 µm volume median diameter for aerial ULV 
applications are considered optimal133; however, 
operationally, droplet sizes may be larger, and 
the product labels should always be followed. 
Weather conditions and habitat structure must 
be considered when planning and performing 
applications.133, 145 Most often, adulticide 
applications are conducted in the evening and 
before sunrise, when a thermal inversion has 
occurred, to keep the insecticide from dispersing 
upward, and in light winds to aid in carrying 
droplets. Backpack sprayers, aerosols, and other 
handheld applications are similarly used when 
smaller areas require treatment. 

Some form of adult mosquito control 
intervention146, 147 is suggested if an area is 
experiencing a WNV outbreak. Vector control 
activities during WNV outbreaks have been 
effective in reducing mosquito vector abundance 
and human WNV case numbers when applied 
intensively and early in the outbreak.143, 144 
Proactive IMM has also been able to demonstrate 
a link between WNV infection rates and effective 
WNV vector population control. The most 
effective control has been demonstrated through 
aerial adulticiding by reducing WNV vector 
populations of Cx. tarsalis, Cx. pipiens, and Cx. 
nigripalpus,148-150 mosquito infection rates,142 and 
WNV neuroinvasive disease incidence.151 Ground 
ULV applications of synthetic pyrethroids have 
also been effective in reducing WNV vector 
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populations and reducing human risk to WNV 
by decreasing the overall abundance of infected 
Cx. pipiens mosquitoes in treated areas.152 The 
combination of both ground and aerial ULV 
applications has demonstrated a reduction 
in populations of Cx. tarsalis and infection 
rates.153 Ground-based adulticiding and larval 
control are suggested forms of control for Cx. 
quinquefasciatus, an important WNV vector in the 
Southeastern U.S. 

Nighttime ULV adulticiding is proving effective 
in reducing invasive Aedes abundance and may 
be a critical component of IMM programs during 
disease epidemics. Historically, ULV applications 
were thought to be ineffective in controlling 
diurnally active urban mosquitoes, such as 
Ae. aegypti and Ae. albopictus, potentially as a 
result of structural obstacles that protect gravid 
or engorged females resting during nighttime 
ULV applications.154 However, new evidence 
suggests that such applications may be effective 
in reducing these adult mosquito populations.155 
There is growing evidence that container Aedes 
in peridomestic environments may be active at 
night and that ULV applications within urban 
and suburban habitats may penetrate into these 
habitats that were previously believed to be 
inaccessible.156 Advances in formulations and 
technology are driving changes in adulticide 
applications targeting these container species, 
leading to use of the minimum effective dose for 
maximum efficacy, precision, and accountability. 

Residual Barrier Adulticides

Residual applications are used when a longer-
term effect is required and are often referred 
to as barrier or surface treatments. Mosquitoes 
must land on a surface deposit of the insecticide 
to absorb a toxic dose. Because the treated areas 
are generally small, handheld devices, such 
as a backpack blower or hand pump sprayer, 

are employed. The insecticide is applied at a 
sufficient concentration that a mosquito landing 
on the treated surface will absorb enough of 
the active ingredient to cause mortality. Barrier 
treatments can provide control for days or 
even weeks, depending upon the insecticide 
formulation and weather. Carefully reading, 
understanding, and following the product label 
before applying must occur. Some pesticide 
product labels restricts where and when 
the product can be used. In general, these 
applications are primarily conducted with 
synthetic pyrethroids and applied to vegetation, 
unmovable large containers, external walls 
of homes, sheds, and fences in residential 
backyards. Although this method of application 
may be effective against the targeted species, 
it remains subject to the labor, time, and local 
property law issues associated with any door-to-
door application scheme.154

When possible, barrier or residual applications 
should be made to structures to avoid non-target 
organisms encountering insecticides and when 
wind speeds are low to avoid drift. If barrier 
applications must be made to vegetation, ensure 
adulticides are only applied to non-flowering 
vegetation to avoid inadvertent contact with bees 
and other pollinators.

Barrier or residual applications may have 
widely varying results. However, they are 
generally most effective when applicators 
concentrate on a specific area that supports 
large larval populations or selected resting sites 
for peridomestic adult mosquitoes. While most 
barrier application studies have focused on 
urban container-inhabiting mosquitoes, there 
have been a number of studies looking at barrier 
applications on controlling Culex populations 
with mixed results,157-160 and thus, are generally 
not recommended. Conversely, studies suggest 
that barrier spraying of residual insecticides 
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is effective in reducing biting populations of 
Aedes.159, 161 

Removal Trapping

Removal trapping involves the use of traps 
and attractants to lure and capture enough 
mosquitoes so that a measurable reduction in the 
population occurs.53 Few studies have evaluated 
the use of removal trapping for management of 
Culex and other nuisance mosquitoes, and this 
method is generally not recommended. 

Mixed results have been obtained using traps 
to manage Aedes species.162, 163 Traps have been 
used with success to reduce biting pressure 
locally from the western treehole mosquito, Ae. 
sierrensis.162 This species primarily undergoes 
one or two generations per season and does 
not fly far from its larval developmental sites, 
so removing biting adult mosquitoes through 
trapping is a viable control option.162 Similarly, 
Ae. aegypti and Ae. albopictus do not fly far from 
larval developmental sites and some studies have 
shown a reduction in population abundance164 
and human biting rates compared with no 
intervention.165 

Cost and labor are a major issue in using removal 
traps of any type for control, because trap 
density and maintenance requirements are high. 
Therefore, their utility may be limited, and they 
are not typically recommended for the reduction 

of risk during an ongoing disease outbreak.
Lethal Oviposition Traps

Oviposition traps are simple, inexpensive devices 
consisting of a small cup that holds water, often 
mixed with an oviposition lure and provides a 
substrate on which gravid mosquitoes may lay 
their eggs.114 Oviposition traps have utility for 
container Aedes because of their predilection 
to oviposit in artificial containers, but may be 
useful for other container species such as Cx. 
quinquefasciatus. As outlined above, these devices 
have been used extensively for conducting 
surveillance for container Ae. aegypti and Ae. 
albopictus.

Lethal (autocidal) oviposition traps, such as the 
CDC-AGO, combine oviposition stimulants with 
insecticides or mechanical means of ensuring 
that the trap does not produce adult mosquitoes. 
These traps have consistently been shown to be 
effective in reducing populations of container- 
inhabiting mosquitoes.9, 78, 166-169 Sustained and 
effective reductions of Ae. aegypti populations 
(80%) have been achieved using CDC-AGO traps 
(three per home) in more than 85% of houses 
in neighborhoods from southern Puerto Rico.78 
Like removal traps, lethal oviposition trapping 
program have a high labor cost, because trap 
density and maintenance requirements are high. 
Therefore, their utility may be limited to small 
geographies within an IMM program. 
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•  The American Mosquito Control Association recommends following the procedures 
for pesticide resistance testing outlined by the U.S. CDC to prolong the life of currently 
available products, compare results through time and region, and assess trends.

•  Annual resistance testing should be a routine component of all integrated mosquito 
management programs and occur prior to the start of each mosquito season.

•  Resistance testing should be conducted before a product is first used.
•  Resistance testing should follow published protocols to provide standardized results.
•  A quick resistance assessment should be conducted prior to emergency adulticiding.
•  Test results should be reported to appropriate groups.

MONITORING INSECTICIDE RESISTANCE

Insecticide resistance can be defined as a 
genetically heritable trait that may impair 
control in the field.170 If enough individuals 
in a population can survive exposure to an 
insecticide, failure of that product to control the 
populations is possible. Because of this, resistance 
to insecticides is a potential threat to all mosquito 
control programs. An IMM program places a 
priority on mitigating insecticide resistance by 
using insecticides rationally, monitoring pesticide 
resistance routinely, rotating to different classes 
of pesticides when available, and managing 
insecticide-resistant populations through better 
coordination among mosquito control programs, 
insecticide manufacturers, state agencies, and 
other stakeholders. 

In the U.S. only two EPA registered classes of 
insecticides, pyrethroids and organophosphates, 
are currently available for adult mosquito control 
and reports of resistance have been documented 

for many species including Aedes and Culex 
mosquitoes.171-174 Despite these documented 
cases, the true prevalence of resistance is likely 
greater, since many programs do not routinely 
monitor insecticide resistance locally. Further, 
the data are frequently not reported in a timely 
manner, or, in some cases, at all. The Arthropod 
Pesticide Resistance database maintained by 
the Michigan State University provides reports 
submitted by programs around the world on 
insecticide resistance.175 

Mechanisms of Resistance 

Mechanisms of insecticide resistance are 
broadly categorized into four groups: enhanced 
metabolism, decreased target-site sensitivity, 
reduced cuticular penetration, and behavioral 
resistance.53, 176, 177 Enhanced metabolism occurs 
when individuals of resistant populations 
overproduce enzymes that prevent the active 
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ingredient from reaching its target site. Decreased 
target site sensitivity occurs when a mutation of 
the target site prevents or decreases the active 
ingredient from disrupting the normal biological 
processes. Reduced cuticular penetration occurs 
when changes to the insect exoskeleton slow 
absorption of the insecticide into the body 
usually through a thickened wax layer. Finally, 
behavioral resistance occurs when a behavior 
by some mosquitoes allows them to avoid 
encountering an insecticide and survive, thus 
increasing the frequency of any genetic factors 
that contribute to the avoidance behavior in the 
next generation. If this happens enough, over 
time, the population of mosquitoes will largely 
exhibit the same behavior and avoid insecticide 
exposure. 

Insecticide Resistance Management

An insecticide resistance management strategy 
should be developed for all programs using 
pesticides to prevent the selection of resistance. 
Different modes of action are important because 
if a population of mosquitoes begins to exhibit 
resistance to one mode of action, the first mode 
of action should be discontinued and a second, 
different mode of action should be used. In 
some cases, multiple active ingredients may 
be combined to overcome the development of 
resistance. 

Classes of insecticides for adult control in the U.S. 
are limited to organophosphates and pyrethroids 
resulting in limited options for a rotational 
program. However, more classes of insecticides 
are available for larval control (Table 6) allowing 
for more sophisticated insecticide resistance 
management strategies to be implemented. 
Consequently, when feasible, insecticide 
resistance should be monitored against larvicides 
and adulticides to inform decisions about 
product choice.

 

Figure 12. Investigating susceptibility to 
adulticides using the CDC Bottle Bioassay

Source: Chris Fredregill/Harris County Public Health 
Mosquito and Vector Control Division
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BREAK-OUT BOX: 
Performing Insecticide Resistance Testing

To prolong the life of currently available products and assess efficacy trends through time, 
monitoring for insecticide resistance is recommended. Evaluating resistance in adult and 
immature mosquitoes requires different techniques. 

To evaluate resistance in adult populations and ensure standardized data, the AMCA 
recommends the CDC Bottle Bioassay (see website below; Figure 12). In short, a known 
concentration of insecticide is added to a bottle, and allowed to dry. Adult mosquitoes of 
approximately the same age are placed into the bottle, and mortality is recorded for 2 hours. 
The resistant status of the population is determined by the percent of the mosquitoes that died 
during this time frame. In addition, the assay provides insight into the strength of the resistance 
mechanism(s) and if selection is actively occurring. A more detailed protocol and information 
on this method can be found on the CDC website at https://www.cdc.gov/mosquitoes/
mosquito-control/professionals/cdc-bottle-bioassay.html.

Many different protocols exist to evaluate resistance to larvicides; however, no one method has 
been established as the standard. The most important factors to keep in mind when evaluating 
larvicide resistance is only comparing data generated using the same protocol and species. 
Different protocols will expose mosquitoes to the larvicide differently and affect results. 
Additionally, different species of mosquitoes could have different levels of susceptibility. 
Due to these and other factors, contacting an established mosquito control program for 
recommendations on effective larval resistance assays is recommended. 

When performing insecticide resistance bioassays, as many variables as possible should be 
standardized to ensure results collected reflect changes in susceptibility to the insecticide rather 
than differences caused by other variables such as age. To ensure mosquitoes are all the same 
age, eggs should be collected in the field and reared in the laboratory. To collect egg rafts of 
different Culex species, gravid buckets without the collection device on top (i.e., bait buckets), 
containing water infused with grasses such as hay can be used to accumulate egg rafts on the 
water surface. Similarly, to collect invasive Aedes eggs, oviposition cups can be used. These 
traps should be placed in the shade and out of direct sunlight. Additionally, egg traps should 
be checked and serviced every 24 to 48 hours to collect viable eggs and prevent the traps 
from becoming a source of adult mosquito production. Eggs collected can be taken back to 
the laboratory and allowed to mature to the desired age/life stage. Rearing mosquitoes using 
this method provides enough individuals from one location of a known age to evaluate the 
effectiveness of insecticides.

https://www.cdc.gov/mosquitoes/mosquito-control/professionals/cdc-bottle-bioassay.html
https://www.cdc.gov/mosquitoes/mosquito-control/professionals/cdc-bottle-bioassay.html
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•  Record keeping procedures and requirements are determined by the lead regulatory 
agency for the location, which could be a state, federal, or tribal authority. 

•  Surveillance reports for all mosquito species should be maintained for the evaluation of 
interventions; factors that should be recorded include:
o  Results from mosquito egg, larval, and adult surveys
o  Records of surveillance locations and mosquito collection data
o  Records of virus testing results
o  Results of resistance monitoring of local mosquito populations

•  Operators/applicators must follow the record keeping and retention requirements of the 
lead regulatory authority. At minimum, application records should contain:
o  Applicator’s name, address, and pesticide applicator certification number (if 

applicable)
o  Application date, time of day, and weather conditions
o  Product name and Environmental Protection Agency registration number
o  Location of application and approximate size of area treated (spray tracks, as recorded 

by an appropriate GPS system, are desirable)
o  Rate of material applied and total amount applied

•  Records also must be maintained on the certification and recertification of all personnel 
licensed to apply pesticides.

•  Records should be kept on the calibration and maintenance of application equipment.
•  Integrated mosquito management programs should also include provisions for:

o  Logging/tracking citizen complaints and service requests
o  Maintaining records of non-chemical interventions, including community education, 

door-to-door outreach efforts, waste tire removals, and container elimination 
campaigns

RECORD KEEPING

Accurate record keeping is essential for a 
mosquito surveillance and control program. 
Record keeping procedures and requirements are 
determined by the lead regulatory agency for the 
location, which could be a state, federal, or tribal 
authority. Even if record keeping is not required 
by a regulatory body, data should be collected 

and maintained at the finest resolution possible. 
At the local level, surveillance data are used to 
develop accurate distribution and abundance 
maps, perform statistical analysis to support 
the decision to initiate control measures (Setting 
Action Thresholds), evaluate the impact of 
control measures, and justify requested resources. 
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At the state and federal level, surveillance 
data are used to monitor invasive species and 
emerging diseases. 

Collecting too much data is better than not 
enough. Additional locations in the surveillance 
program will increase the likelihood of detecting 
the presence of a mosquito species. Additionally, 
negative surveillance results also yield important 
information.178 As suggested by the CDC, 
each collection should be assigned a unique 
identification number or name. This allows for 
efficient sample tracking within and between 
years. The following minimum information 
should be recorded: life stage targeted, collection 
method, date, location (city/town and county/
parish, address or GPS coordinates), habitat 
type, and number and type of mosquitoes 
collected (genus, species, and when possible sex 
and number). Survey, surveillance, and control 
data should be collected at the finest possible 
resolution. (Note: A survey is a one-time gathering 
of data, often to detect a species presence or absence, 
whereas a surveillance program is a continuous 
process to monitor changes in mosquito populations.)

If mosquitoes are tested for the presence of 
arboviruses, the number tested, assay used, and 
laboratory result should also be recorded. A 
unique identifier for each sample tested should 
be used so that each test pool of mosquitoes 
can be linked back to the original trap night 
along with full trap details for that location. 
Additionally, when mosquito populations 
are collected and tested for the presence of 
insecticide resistance, the above location 
information should be collected, as well as 
number of mosquitoes tested, active ingredient, 
inhibitor (if used), concentration(s) (µg/bottle), 
time (between bottle preparation and testing, 
diagnostic time, and total test time), percent 
mortality, and, if applicable, time 100% mortality 
is achieved.

Arbovirus detection data is reported to the CDC 
through a national arboviral surveillance system, 
ArboNet (http://www.cdc.gov/westnile/
resourcepages/survresources.html).

Mosquito control and public health agencies 
can also use the VectorSurv system through 
the VectorSurv Gateway (https://gateway.
vectorsurv.org), which is an online interface for 
managing and analyzing surveillance and control 
data related to mosquitoes and arboviruses. The 
VectorSurv Gateway requires login credentials 
for each user, who must belong to an identified 
agency. Each agency maintains all privileges to 
manage its own data and user accounts, and 
higher-level aggregate reporting functions are 
managed by state.

Perhaps most important, pesticide application 
information should be documented and 
records maintained as required to comply with 
federal laws to protect the applicator and the 
environment. Violations could result in lawsuits, 
fines, and/or loss of license. Prior to making 
any applications, contact the lead regulatory 
authority for the Federal Insecticide, Fungicide, 
and Rodenticide Act, Clean Water Act, and 
the Endangered Species Act in your area and 
document those interactions. In some cases, 
securing the proper certifications, permits, and 
authorizations to apply pesticides can take a 
month or more. Additionally, many applications 
could require public notification, so plan 
accordingly. 

1. The Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA) compliance - The 
FIFRA regulated the sale, use, and disposal 
of pesticides. Federal law mandates record 
keeping for Restricted Use Pesticides, but 
the states and territories have the authority 
to enforce their own requirements on 
general use products. Contact the lead 

http://www.cdc.gov/westnile/resourcepages/survresources.html
http://www.cdc.gov/westnile/resourcepages/survresources.html
https://gateway.vectorsurv.org
https://gateway.vectorsurv.org
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regulatory agency for pesticide licensing 
and record keeping requirements in 
your state. The Association of American 
Pesticide Control Officials provides 
resources to identify the lead agency in 
every state and can be found at https://
aapco.org/2015/07/28/resources-2/. 
At a minimum, pesticide application 
records should contain the applicator’s 
name, address, and pesticide applicator 
certification number (if applicable), date 
of application, name and EPA registration 
number of the product applied, rate of 
material applied, total amount applied, 
location of application, and approximate 
size of area treated. Documenting time of 
day, weather conditions, and spray tracks or 
blocks, as recorded by an appropriate GPS 
system, is desirable.

2. The Clean Water Act (CWA) compliance - 
The CWA regulates point source pollution 
to, over, or near the waters of the U.S. 
Thereby, biological and chemical pesticides 
that leave residues on waters located in 
the U.S. are required to comply with the 
National Pollution Discharge Elimination 
System (NPDES) requirements.131 The 
NPDES pesticide general permit allows 
for discharges resulting from pesticide 
applications. The EPA provides a decision 
making tool to help applicators determine 
if they need a NPDES Pesticide General 
Permit (https://www.epa.gov/npdes/
pesticide-permitting-permitting-decision-
tool). Mosquito control entities must either 
apply for coverage under the EPA’s NPDES 
Pesticide General Permit or obtain coverage 
under their state’s permit. Contact the lead 
agency in your state for NPDES permitting 
to obtain the most current version and 
proper procedures for filing a Notice of 
Intent within the state. This will typically 

be the authority on water quality (https://
www.epa.gov/npdes/npdes-state-program-
authority). Pesticide applications must 
also still comply with all state pesticide 
regulations statutes, and FIFRA labeling.

3. The Endangered Species Act (ESA) 
compliance –The purpose of the ESA 
is to protect endangered or threatened 
species and the ecosystems they live 
in, and is enforced by the U.S. Fish and 
Wildlife Service (FWS) and the Commerce 
Department’s National Marine Fisheries 
Service (NMFS).179 Contact the regional 
office of the FWS (https://www.fws.gov/
endangered/) and the regional office of the 
NMFS (https://www.fisheries.noaa.gov/
contact-directory/regional-offices) and ask 
if there are candidate, threatened, and/
or endangered species in the treatment 
area.  If there are protected species, the FWS 
and NMFS will provide guidance on local 
requirements to ensure there is no take as 
defined under the ESA. Take is defined 
as “to harass, harm, pursue, hunt, shoot, 
wound, kill, trap, capture, or collect, or to 
attempt to engage in any such conduct.”180

Make sure to consult the lead regulatory agency 
in your state when creating and using any form 
or datasheet because some jurisdictions may 
require the use of preapproved datasheets. 
Datasheet requirements should be covered 
during the state pesticide licensing process. 
Spreadsheet and database software are readily 
available for data entry and management and 
can be performed simply in programs such as 
Microsoft Excel. Data can be housed locally or 
in protected online formats, and procedures 
should be created for data entry and backup. 
Extensive external data management support 
programs are available but are often expensive 
and unnecessary for smaller programs. 

https://aapco.org/2015/07/28/resources-2/
https://aapco.org/2015/07/28/resources-2/
https://www.epa.gov/npdes/pesticide-permitting-permitting-decision-tool
https://www.epa.gov/npdes/pesticide-permitting-permitting-decision-tool
https://www.epa.gov/npdes/pesticide-permitting-permitting-decision-tool
https://www.epa.gov/npdes/npdes-state-program-authority
https://www.epa.gov/npdes/npdes-state-program-authority
https://www.epa.gov/npdes/npdes-state-program-authority
https://www.fws.gov/endangered/
https://www.fws.gov/endangered/
https://www.fisheries.noaa.gov/contact-directory/regional-offices
https://www.fisheries.noaa.gov/contact-directory/regional-offices
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Adulticide- Insecticides that kill adult 
mosquitoes181

Antibody- A protein produced by the immune 
system, due to the presence of a foreign 
substance, to protect the host182

Antigen- A substance that can stimulate an 
immune response183

Application rate- The amount of pesticide 
applied to an area184  

Arthropod- An animal that has an exoskeleton, 
segmented body, and jointed appendages such as 
insects, spiders, crustaceans, and ticks185 

Biological control- Using one organism to 
eliminate or control the population of another 
organism

Broadcast application- Applying a pesticide 
uniformly to an area186

Channel- The way a message is sent such as 
radio announcements, social media, community 
festivals, schools, clubs, churches, and other 
organizations

Cold chain- Maintaining a sample at ultra-low 
temperatures from collection to testing, generally, 
requires dry ice or liquid nitrogen28

Desiccated- Dried out185

Diptera- Order of insects containing flies and 
mosquitoes185

Direct application- Spot treatment when an 
insecticide is applied directly to the pest186

Diurnal- Active during the day185

Effluent- Waste material discharged into the 
environment, such as smoke, liquid industrial 
refuse, or sewage. The material is often a 
pollutant.187

Emerging- A disease that has never existed in 
a population before, or one that has but the 
number of cases is rapidly increased188

Endemic- Regular occurrence of a disease or 
pathogen in a population within an area189

Endophilic- A mosquito that often lives and/or 
rests indoors190

Enzootic- Constant presence and/or usual 
prevalence of a disease or infectious agent in a 
population of animals within a geographic area185

Epidemic- An increase in the number of disease 
cases in a population in a geographic area189

Epizootic- An outbreak of disease in a population 
of animals in which there is an unusually large 
number of cases185

Flow rate- The amount of liquid that moves in 
one direction during a given time period191

Genus (plural Genera)- A group of species with 
common characteristics185
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Geographic information system (GIS)- Software 
that creates, manages, analyzes, and maps data192

Granules- Dry products similar to dust 
formulations except that granules are larger and 
heavier and cannot be applied with a duster193

Hot spots- High adult mosquito populations at 
very specific locations140

Infective- Capable of causing infection.194 Not all 
mosquitoes that test positive for a virus may be 
able to spread the virus and cause infection.29

Insecticide resistance- A genetically heritable 
trait that may impair control in the field170

Larvae- A young insect that has emerged from 
the egg but differs fundamentally from the 
adult185

Larvicide- Insecticide used to kill immature 
mosquitoes before they can grow into adults195

Larvivorous fish- Fish that eats immature stages 
of mosquitoes

Life stage- Any distinct period in the life of an 
insect (egg, larvae, pupae, or adult)185

Metamorphosis- The process of an insect passing 
from the egg to the adult stage185

Mode of action- The way an active ingredient 
disrupts the normal biological processes of the 
insect resulting in death

Nematocera- Suborder of flies (Diptera) sharing 
similar characteristics185

Olfactory- Perceiving chemicals in a gaseous 
state at relatively low concentrations185

Ornithophilic- Feeds on birds29

Outbreak- An increase, often sudden, in the 
number of cases of a disease above what is 
normally expected in that population in a limited 
geographic area189

Oviposit- To lay an egg185

Peridomestic- Living in and around people’s 
homes196

Pool- A group of mosquitoes, generally between 
1-50 individuals, sorted by species, trap location, 
and date that are tested for the presence of 
arboviruses197

Population dynamics- How and why a 
population changes in size and structure over 
time198

Pupicide- A compound that kills a mosquito 
pupa

Remote sensing- “The process of detecting 
and monitoring the physical characteristics of 
an area by measuring its reflected and emitted 
radiation at a distance (typically from satellite or 
aircraft)”199

Reservoir- An animal that harbors a pathogen 
and remains infected for extended periods of 
time200

Resolution- The finest level of detail that can be 
recorded201

Scale- “The amount of reduction between the 
real world and its graphic representation. It is 
usually expressed as a ratio (e.g., 1:20,000), or 
equivalence (e.g., 1 mm = 20 m).”201

Spatial- Of space, such as a geographic area202
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Spatiotemporal- Of or relating to space and 
time203

Target site- The physical location within an 
organism where the insecticide acts 

Thermal inversion- A reversal of the normal 
behavior of temperature in the region of the 
atmosphere nearest the Earth’s surface, in which 
a layer of cool air at the surface is overlain by a 
layer of warmer air. In other words, the opposite 
of normal conditions where the air temperature 
usually decreases with height.204

Ultra-low volume- “The application of the 
minimum effective volume of an undiluted 
formulation of insecticide.”133, 145 For more 
information, see pages 73 and 76.

Vector- A animal of public health significance 
(such as an insect, tick, rat, or arthropod) capable 
of harboring or transmitting a pathogen(s), or 
capable of causing human suffering205

Volume median diameter (VMD)- The midpoint 
droplet size of the spray volume where 50% of 
the droplets are larger and 50% of the droplets 
are smaller145
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