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In Reply Refer To: 
FWS/ANRS-NR-WR/020301 
 
 
 
Memorandum 
 
To:  Regional Directors, Regions 1-7 
  Manager, California/Nevada Operations Office 
 
From:    Director 
 
Subject: Interim Guidance for Mosquito Management on National Wildlife Refuges 
 
A draft policy on mosquito management for the National Wildlife Refuge System is expected to 
be released for public comment within the next few months.  In the interim, and while the draft 
policy is undergoing public review, the attached document has been prepared to provide refuges 
with a Systemwide, consistent process for addressing mosquito management issues. 
 
Because refuges with existing mosquito management programs have already begun the process 
for the current season, there will be a 6-month transition period during which these refuges 
should review their existing programs to ensure consistency with this guidance.  Refuges with no 
current mosquito management program should follow the attached guidance when health threats 
from refuge-based mosquitoes are identified. 
 
Mosquito management on national wildlife refuges can be a very controversial issue.  The 
Service is committed to protecting the health of humans, wildlife, and domestic animals while 
maintaining our statutory and policy obligations for wildlife conservation. 
 
For additional information, please contact Michael Higgins at (410) 573-4520. 
 
 
 
 
 
Attachment 
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NATIONAL WILDLIFE REFUGE SYSTEM 
MOSQUITO MANAGEMENT GUIDELINES FOR 2005 

 
With the spread of West Nile virus across the country, national wildlife refuges (NWRs) may 
come under increasing pressure to manage refuge-based mosquitoes (mosquito populations that 
are bred or harbored within refuge boundaries).  In addition to West Nile virus, there may be 
other human or wildlife health concerns from refuge-based mosquitoes.  The following 
document provides refuges with guidance in addressing mosquito-associated health threats in a 
consistent manner.  Generally, refuges will not conduct mosquito monitoring or control, but 
these activities may be allowed under special use permits.  When necessary to protect the health 
of a human, wildlife, or domestic animal population, we will allow management of mosquito 
populations on National Wildlife Refuge System (Refuge System) lands using effective means 
that pose the lowest risk to wildlife and habitats.  In summary, the guidance provides for the 
following: 
 

 Mosquito management can occur only when local and current monitoring data indicate 
that refuge-based mosquitoes are contributing to a human, wildlife, or domestic animal 
health threat. 

 
 Refuges may use compatible nonpesticide options to manage mosquito populations that 

represent persistent threats to health.   
 

 Refuges will collaborate with Federal, State, or local public health authorities and vector 
control agencies to identify refuge-specific health threat categories.  These categories will 
represent increasing levels of health risks, and will be based on monitoring data. 

 
 Management decisions for mosquito control will be based on meeting or exceeding 

predetermined mosquito abundance or disease threshold levels that delimit threat 
categories. 

 
 In the case of officially determined mosquito-borne disease emergencies, we will follow 

the guidelines described in this document.  Monitoring data are still required to ensure 
that intervention measures are necessary. 

 
 All pesticide treatments will follow Service and Department of the Interior pest 

management and pesticide policies.  In an emergency, the pesticide approval process can 
be expedited. 

 
 Refuges must comply with Federal statutes and Service policies by completing the 

appropriate documentation prior to mosquito management activities taking place.   
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MOSQUITO MANAGEMENT GUIDANCE FOR 2005 

 
Although the National Wildlife Refuge System (Refuge System) does not engage in mosquito 
control activities directly, under certain circumstances we will allow State or local vector control 
agencies to conduct mosquito control on refuge lands when it is necessary to protect the health 
and safety of humans, wildlife, or domestic animals. 
 
In the management of the Refuge System, we will allow populations of native mosquito species 
to function unimpeded unless they cause a wildlife and/or human health threat.  This interim 
guidance recognizes that mosquitoes are a natural component of most wetland ecosystems, but 
may also represent a threat to human, wildlife, or domestic animal health.  When necessary to 
protect the health and safety of the public or a wildlife or domestic animal population, we will 
allow management of mosquito populations on Refuge System lands using effective means that 
pose the lowest risk to wildlife and habitats.  Except in cases of officially determined health 
emergencies, any method we use to manage mosquito populations within the Refuge System 
must be compatible with the purpose(s) of an individual refuge and the Refuge System mission, 
and must comply with applicable Federal laws such as the Endangered Species Act.  Compatible 
habitat management and pesticide uses for mosquito control must give full consideration to the 
integrity of nontarget populations and communities.  They must also be consistent with 
integrated pest management strategies and with existing pest management policies of the 
Department of the Interior (Department) and the Service.  We will allow pesticide treatments for 
mosquito population control on Refuge System lands only when local, current mosquito 
population monitoring data are collected and the data indicate that refuge-based mosquito 
populations are contributing to a human, wildlife, or domestic animal health threat. 
 
Mosquito-Associated Health Threats on National Wildlife Refuges 
 
A mosquito-associated health threat is defined as an adverse impact to the health of human, 
wildlife, or domestic animal populations from mosquitoes.  A health threat determination will be 
made by the appropriate Federal, State, or local public health authority that has the expertise and 
the official capacity to identify human, wildlife, or domestic animal health threats.  
Documentation of a specific health threat on a refuge by a Federal, State, or local public health 
agency must be based on local and current mosquito population and/or mosquito-borne disease 
monitoring data. 
 
A health emergency indicates an imminent risk of serious human disease or death, or an 
imminent risk to populations of wildlife or domestic animals.  A health emergency represents the 
highest level of mosquito-associated health threats.  Health emergencies will be determined by 
Federal, State, or local public health authorities and documented with local and current mosquito 
population and disease monitoring data. 
 
Addressing Health Threats from Refuge-Based Mosquitoes 
 
Prior planning to address mosquito-associated health threats and emergencies is strongly 
encouraged.  Refuges where health threats have been documented (see below) are encouraged to 
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work collaboratively with Federal, State, or local public health authorities and vector control 
agencies to develop integrated pest management (IPM) plans for monitoring and potentially 
managing refuge mosquito populations.  Development of such plans (Exhibit 1) is particularly 
important for refuges currently lacking a mosquito monitoring/management program, but where 
a potential health threat has been identified by public health authorities.  These refuge-specific 
IPM plans will outline the conditions under which monitoring and mosquito population 
management would occur (exhibit 1).  Development of a mosquito management IPM plan during 
a health emergency is not appropriate; refer to the section below that addresses emergency 
procedures. 
 
Nonpesticide Options and Best Management Practices for Mosquito Control 
 
When necessary to protect human, wildlife, or domestic animal health, we will reduce mosquito-
associated health threats using an integrated pest management (IPM) approach, including, when 
practical, compatible, nonpesticide actions that reduce mosquito production.  The procedures 
described in this section may be considered long-term options to reduce persistent mosquito-
associated health threats.  Except in officially determined health emergencies, any procedure we 
use to reduce mosquito production must meet compatibility requirements as found in 603 FW 2 
and must give full consideration to the safety and integrity of nontarget organisms and 
communities, including federally listed threatened and endangered species.  
 

 For native or nonnative species of mosquitoes, we will remove or otherwise manage 
artificial breeding sites such as tires, tanks, or other similar debris/containers, where 
possible, to eliminate conditions that favor mosquito breeding regardless of health threat 
conditions.  

 
 When enhancing, restoring, or managing habitat for wildlife, we will consider using 

specific actions that do not interfere with refuge purposes or wildlife management 
objectives to reduce mosquito populations.  Examples include water-level manipulation 
that disrupts mosquito life cycles, including timing and rate of flood-up and drawdown of 
managed wetlands, and/or vegetation management to discourage egg laying by 
mosquitoes.  Except when determined appropriate during human or wildlife health 
emergencies, we prohibit habitat manipulations for mosquito management that conflict 
with wildlife management objectives, such as draining or maintaining high water levels 
inappropriate for other wildlife. 

 
 We will consider the introduction of predators for mosquito management only if we can 

contain such introductions.  Such introductions must have demonstrated efficacy, have 
been evaluated by the refuge with respect to potential adverse impacts to nontarget 
organisms and communities, not interfere with the purpose(s) of the refuge or other 
refuge management objectives, and not adversely affect federally listed species.  We must 
have appropriate procedures in place for all species introductions to ensure that we do not 
release other species with the desired introductions.  Any introduction of a nonnative 
predator requires a compatibility determination, a written plan for containment of the 
introduced species to the desired location(s) and, if applicable, an Endangered Species 
Act (ESA), section 7(a)(2), consultation examining the evaluation of potential effects of 
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the introduced predator on federally listed threatened or endangered species.  In 
compliance with Executive Order 13112, we will not authorize any activities likely to 
cause or promote the introduction or spread of invasive species (see 601 FW 3). 

 
Monitoring Mosquito Populations 
 
We recognize the importance of monitoring mosquito populations to document species 
composition and estimate their size and distribution because this information is used to make 
integrated pest management decisions.  We will allow compatible monitoring of mosquito 
populations on Refuge System lands by State/local public health authorities or vector control 
agencies.   
 
The goal of mosquito monitoring is to detect relative changes in population sizes that can 
indicate an increased risk to human, wildlife, or domestic animal health (see section on action 
thresholds below).  In addition, adult mosquitoes collected with certain traps can be tested for the 
presence of pathogens.  Mosquito abundance data is recorded by the manner in which the 
mosquitoes are collected.  The standard tool for monitoring larval and pupal mosquito 
populations is a long-handled 500 ml “dipper”.  The tool is dipped at several locations within a 
mosquito breeding habitat and the number of larvae and pupae recovered is recorded.  The 
density of mosquitoes within a specific habitat is recorded as the average number per dip.  Adult 
mosquitoes are collected with a number of different portable or semi-permanent traps, and 
abundance is usually recorded, by species, as number of individuals per trapping period.  
Although some vector control agencies use the number of biting mosquitoes landing on a human 
subject per minute to assess mosquito abundance, this technique is not recommended on refuges 
due to the increased risk of the subject acquiring a mosquito-borne pathogen. 
 
We will allow compatible monitoring of larval and adult mosquito populations on refuges under 
special use permits (SUPs) issued by individual refuges.  To avoid harm to wildlife or habitats, 
access to traps and sampling stations must meet the compatibility requirements found in  
603 FW 2 and may be subject to refuge-specific restrictions.  Where federally listed species are 
present, monitoring methods must undergo an ESA, section 7(a)(2), consultation in order to 
determine whether or not such monitoring programs will adversely affect the listed species. 
 
Mosquito-Borne Disease Monitoring 
 
The purpose of mosquito-borne disease monitoring is to detect the presence of mosquito-borne 
pathogens and estimate the relative intensity of disease transmission over time.  The data 
collected in such monitoring is used to estimate health risks to humans, wildlife, or domestic 
animals, and to make mosquito management decisions based on the level of risk.  The ultimate 
goal in mosquito-borne disease monitoring is to detect disease activity prior to any human 
infection.  Early detection of pathogenic activity, combined with up-to-date mosquito population 
monitoring, can allow for timely intervention measures to occur and thus potentially lessen the 
impact of disease on humans, wildlife, and domestic animals. 
 
Federal and/or State/local public health and wildlife management authorities can use 
documentation of previous or current mosquito-borne disease activity near the refuge to identify 
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a potential health threat.  We will obtain mosquito-borne disease activity information from 
State/local public health authorities. 
 
Refuge personnel will note dead or sick wildlife during their routine outdoor activities.  In most 
cases, this will only involve passive surveillance for affected wildlife.  Refuges will identify a 
facility that will test dead or sick wildlife for mosquito-borne pathogens.  This may be a State or 
local laboratory or the National Wildlife Health Center.  Refuge personnel will receive 
instruction on proper procedures for safely collecting, handling, shipping, or disposing of 
potentially infected wildlife (refer to guidelines developed by the National Wildlife Health 
Center: http://www.nwhc.usgs.gov/research/west_nile/wnv_guidelines.html).  If wildlife 
specimens from a refuge test positive for mosquito-borne disease, we will provide these results 
to the State/local public health authorities, State fish and wildlife agencies, and the refuge 
supervisor immediately. 
 
State/local public health authorities or vector control districts will generally be responsible for 
other disease surveillance methods, such as monitoring disease activity in reservoir hosts for 
pathogens or antibodies, and collecting adult mosquito samples using live traps and testing them 
in same-species pools for virus.  These activities must meet the compatibility requirements of 
603 FW 2, and we must authorize the activities.  We discourage using caged sentinel chickens on 
refuges for reservoir host surveillance due to the risk of spreading disease to wild birds. 
 
Individual refuges may allow compatible disease surveillance activities under SUPs or other 
agreements.  To avoid harm to wildlife or habitats, access to traps and sampling stations must 
meet the compatibility requirements found in 603 FW 2 and may be subject to refuge-specific 
restrictions.  Where federally listed species are present, monitoring methods must undergo an 
ESA, section 7(a)(2), consultation in order to determine whether or not such monitoring 
programs will adversely affect the listed species. 
 
Risk Assessment 
 
The first step in addressing mosquito management on a refuge is notification by the appropriate 
Federal, State, or local public health authority of a potential mosquito-associated health threat.  
Federal and/or State/local public health authorities with expertise in mosquitoes and mosquito-
borne disease will identify and document a potential mosquito-associated human health threat 
and notify the refuge manager.  Appropriate documentation may include species-specific larval 
or adult mosquito monitoring data from the refuge or areas adjacent to the refuge that indicate an 
abundance of species known to vector one or more endemic/enzootic diseases or otherwise 
adversely impact human health.  For refuges with current mosquito monitoring programs, such 
documentation should already be in place.  For refuges without an ongoing mosquito or disease 
monitoring program, documented mosquito-borne disease activity near the refuge would also 
identify a health threat (refer to section below on emergencies, if applicable).  The identification 
and documentation of a potential mosquito-associated health threat does not necessarily imply a 
need to manage mosquito populations, but may indicate the need to initiate on-refuge monitoring 
(if not already underway) and contingency planning should mosquito management become 
necessary. 
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Health threat determinations will be made at the local level, based on the historical incidence of 
mosquito-borne health threats and current, local monitoring of mosquito populations and disease 
activity.  When a potential health threat has been documented, we will work with local, State, or 
Federal public health authorities with expertise in mosquito-borne disease epidemiology to 
identify refuge-specific categories of mosquito-associated human health threats based on 
monitoring data.  Where local or State public health expertise in mosquito-borne disease 
epidemiology is lacking, we will consult with the Department of Health and Human Service’s 
Centers for Disease Control and Prevention (CDC) to develop these categories.  Health threats 
lie along a continuum in potential severity from secondary infection of mosquito bites to lethal 
infection by a mosquito-borne pathogen.  Health threat categories will reflect increasing severity 
and risks to health (table 1). 
 
Federal and/or State/local public health authorities with jurisdiction inclusive of refuge 
boundaries will make actual mosquito-associated human health threat level determinations using 
current local monitoring data and take the appropriate response(s) developed for that threat 
category (table 1).  We will also respond appropriately to determinations made by neighboring 
State/local public health authorities.  Mosquito-associated wildlife health threat determinations 
will be made by wildlife health experts from Federal or State wildlife agencies. 
 
Action Thresholds 
 
We expect mosquito-associated health threat levels to vary over time and space.  In general, the 
health threat levels can be expected to be relatively static, changing only when monitoring data 
indicate significant changes in mosquito populations and/or disease activity.  When monitoring 
data indicate an increasing risk to human and/or wildlife health, health threat levels may be 
increased (table 1).  Action thresholds are mosquito population levels and/or levels of disease 
activity that, once reached, indicate an increased health risk and trigger additional response.  We 
will establish numerical action thresholds in collaboration with Federal and/or State/local public 
health authorities and vector control agencies.   
 
Mosquito abundance action thresholds represent mosquito population levels that may require 
intervention measures or more intense surveillance.  It is important to consider the limitations of 
such numerical action thresholds, especially in the context of minimizing disease transmission.  
Thresholds are developed considering many factors which include, but are not limited to, those 
listed in table 2.  Unfortunately, very few scientifically-determined estimates of mosquito 
abundance have been defined as threshold values for any mosquito species in the context of 
limiting disease transmission.  Vector control agencies usually develop threshold values for their 
own immediate use based on years of experience.  However useful such values are for limiting 
human annoyance from biting mosquitoes, these values often cannot be practically validated 
with respect to being accurate thresholds of disease transmission.  Thus, in the absence of 
scientifically-determined threshold data, there will necessarily be some subjectivity in 
establishing numeric thresholds for mosquito abundance. 
 
The factors identified in table 2 can be used as a guide in establishing numeric thresholds 
collaboratively with public health authorities and vector control agencies.  When establishing 
mosquito abundance thresholds in the context of mosquito-borne disease, it is appropriate to 
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consider the current and historical incidence of disease and the vector potential of the species.  
Also note that numerical thresholds can be raised or lowered depending upon current conditions 
(e.g., environmental conditions, abundance of mosquito predators, presence of pathogens; see 
table 2). 
 
Thresholds will be species specific (or species-group specific) for larval, pupal, and adult 
mosquito vectors and reflect the potential significance of a particular species or group of species 
in to a particular health threat.  For example, mosquito vector species known to be important in 
the transmission cycle of a disease may have a lower action threshold than species with lesser 
transmission roles.  We will implement intervention measures only when current mosquito 
population estimates, as determined by current mosquito monitoring data, meet or exceed action 
thresholds. 
 
Treatment Options 
 
Mosquito population management will be based on the level of health threat identified.  The 
appropriate response to a health threat will be based on the level of severity and risk associated 
with that particular threat (table 1).   
 
We will choose treatment based on our pest management policy (30 AM 12).  We will base the 
choice on, in order of preference:  human safety and environmental integrity, effectiveness, and 
cost.  We will use human, wildlife, and/or domestic animal mosquito-associated health threat 
determinations combined with refuge mosquito population estimates to determine the appropriate 
refuge mosquito management response (table 1).  Where federally listed threatened or 
endangered species are present, we will use ESA, section 7(a)(2), consultation information to 
assist in the decision-making process. 
 
We will consider allowing pesticide treatments to control mosquitoes on Refuge System lands 
after we evaluate all other reasonable IPM actions (see above).  We will determine the most 
appropriate pesticide treatment options based on monitoring data for the relevant mosquito life 
stage.  We will use current monitoring data for larval, pupal, and adult mosquitoes to determine 
the need for larvicides, pupacides, and adulticides, respectively.  We will allow the use of 
adulticides only when there are no practical and efficacious alternatives to reduce a health threat.  
We will not allow pesticide treatments for mosquito control on Refuge System lands without 
current mosquito population data indicating that such actions are warranted.  We require an 
approved pesticide use proposal (PUP) prior to application of a pesticide to Refuge System 
lands. 
 
Emergency Procedures 
 
Federal, State, or local public health authorities may officially identify a mosquito-borne disease 
human health emergency based on documented disease activity in humans, wildlife, or domestic 
animals.  A human health emergency indicates an imminent risk of serious human disease or 
death.  Public health authorities may request pesticide treatments to Refuge System lands to 
decrease mosquito vector populations and lower the health risk to humans.  Refuges with 
ongoing mosquito monitoring programs should have addressed potential emergency situations 
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and appropriate responses within those documents.  Refuges without an ongoing monitoring 
program should immediately contact their refuge supervisor and Regional IPM coordinator in the 
event of an emergency and review the steps listed below.  Even in emergency situations, we will 
only allow pesticide treatments for mosquito population control on Refuge System lands when 
local and current mosquito population monitoring data are available and the data indicate that 
refuge-based mosquito populations are contributing to a human and/or wildlife health threat.  In 
the context of a mosquito-borne disease emergency, appropriate documentation would include 
identification of infected mosquitoes or abundant populations of vector species within refuge 
boundaries.  In mosquito-borne disease emergency situations, we will undertake the following: 
 

 If no mosquito population data are available for the refuge, we will request (or undertake, 
if applicable) short-term (24 hours or less) monitoring of adult and/or larval mosquito 
populations on the refuge to ensure that intervention is necessary. 

 
 We will complete and submit a pesticide use permit (PUP) to the Regional IPM 

coordinator and Washington Office IPM coordinator, if applicable, for emergency 
review.  Actual use of any pesticide will be contingent on current mosquito population 
monitoring data indicating intervention with pesticides is warranted.  However, in an 
emergency we will not wait for monitoring results to initiate the PUP process, and we 
will expedite the review of PUPs. 

 
 If there is no site-specific National Environmental Policy Act (NEPA) documentation for 

the proposed emergency intervention measure(s), contact the Regional NEPA coordinator 
for guidance (see below). 

 
 If federally listed species are present and an ESA, section 7(a)(2) consultation has not 

been completed for the potential intervention measures, we will contact the local 
Ecological Services (ES) office for recommendations (see below). 

 
 We will notify refuge employees and visitors of the increased human health risk and 

provide information for personal protection against mosquito-borne disease.  Where 
appropriate, we will consider restricting or closing all or part of the refuge to visitors and 
restricting outdoor activities of employees. 

 
 If monitoring data indicate that intervention with pesticides is warranted, we will prepare 

an SUP for pesticide application(s), in which we may identify pertinent conditions and 
restrictions on pesticide application activities to ensure compatibility. 

 
 Following pesticide applications, we will require (or undertake, if applicable) additional 

mosquito population monitoring to assess the efficacy of the pesticide treatment(s).  
 
Communication and Conflict Resolution 
 
It is important to develop a communication plan with public health and vector control agencies, 
particularly in regard to addressing emergencies.  Timely communication at the outset of an 
emergency will speed any necessary response.  Contact information should be shared among 
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agencies, and refuges should have the necessary contact information of appropriate Service 
personnel to expedite any needed compliance documentation (see below). 
 
Mosquito management on NWRs can be a very controversial issue, especially with regard to 
applying pesticides to control mosquito populations.  Developing health threat categories and 
establishing action thresholds in collaboration with public health and vector control agencies can 
be a difficult process.  This may be especially true in establishing mutually-agreed upon action 
thresholds, where the science is often lacking and the numbers become somewhat subjective.  In 
cases where agreements cannot be reached, we will work with the public health and vector 
control agencies to identify third-party agencies or individuals with appropriate expertise in 
mosquito biology and vector-borne disease ecology for further guidance. 
 
Compliance Documentation 
 
The following statutes and policies may be relevant to mosquito management activities on 
refuges.  In most cases, proper documentation must be in place prior to any mosquito 
management occurring. 
 
A.  National Environmental Policy Act (NEPA) (42 U.S.C. 4321-4347).   
 
(1)  Categorical Exclusions.  Under most circumstances, we can categorically exclude 
monitoring and surveillance activities under existing Department NEPA procedures for data 
collection and inventory (516 DM 2, appendix 1.6; and 516 DM 8.5B(1), see  
516 DM 2, appendix 2, for exceptions to categorical exclusions).  In addition, some habitat 
management actions as described above may be categorically excluded.  If a proposed refuge 
mosquito management activity qualifies as a categorical exclusion, refuges should document that 
determination by preparing an environmental action statement (EAS).  We generally cannot 
categorically exclude intervention measures such as pesticide applications for mosquito-borne 
health threats. 
 
(2)  Environmental Assessments.  Refuges that have completed the NEPA process for mosquito 
management should ensure that they addressed the environmental consequences of potential 
intervention measures for mosquito-associated health threats.  Refuges that have not completed 
the NEPA process for mosquito management should prepare an environmental assessment (EA) 
if they can reasonably expect to need intervention measures (e.g., pesticide applications).  You 
may reasonably expect intervention measures if the State/local public health agency has 
documented a potential health threat from refuge-based mosquitoes.  In a nonemergency 
situation, when a State/local public health agency documents a potential threat, you must 
complete an EA with the appropriate finding (such as a finding of no significant impact 
(FONSI)) prior to any substantial intervention activities.  You must consider local conditions in 
an EA.  When assessing the potential environmental effects of pesticide applications, consider 
such factors as the spatial and temporal extent of the treatment, the toxicity and specificity of the 
proposed pesticide(s) to fish and wildlife populations, the persistence of the proposed 
pesticide(s), and the alternatives to the proposed action (e.g., different pesticides, using larvicides 
versus adulticides, compatible habitat management).  To minimize potential impacts, identify 
and document restricted areas and activities in an EA. 
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(3)  Emergencies.  In a health emergency, you may need to take immediate intervention 
measures without completing a NEPA review.  If such measures cannot be categorically 
excluded, contact the Regional NEPA coordinator who will consult with the Council on 
Environmental Quality (CEQ) for guidance.  The CEQ may require follow-up documentation 
once the emergency has passed.  Once an emergency has passed, you must complete proper 
NEPA documentation that addresses future mosquito management activities on the refuge. 
 
B.  Endangered Species Act (16 U.S.C. 1531-1544).  Comply with ESA, section 7(a)(2), for 
listed species.  You should complete this prior to an emergency.  In order to complete 
consultation in a timely manner, please submit consultation documents at least 135 days prior to 
proposed mosquito management activities.  Note that the Department pesticide use policy (517 
DM 1) and the Department/Service pest management policy (30 AM 12) do not allow for 
adverse impacts to listed species from pesticides.  Should a health emergency occur prior to the 
completion of an ESA, section 7(a)(2), consultation, contact the local ES office for 
recommendations.  An “after-the-fact” consultation may be required once the emergency has 
passed.   
 
C.  Federal Insecticide, Fungicide, and Rodenticide Act (7 U.S.C. 136 et seq.).  On Service 
lands, we may only use pesticides that are registered with the Environmental Protection Agency.  
We must apply them according to the pesticide label directions. 
 
D.  Compatibility Determination (50 CFR 26.41 and 603 FW 2).  We must complete a 
compatibility determination before allowing surveillance and intervention activities to be 
undertaken by an outside agency.  However, we may waive this requirement in a health 
emergency involving humans, wildlife, and/or domestic animals.  In health emergencies 
involving wildlife, we will consult with the State fish and wildlife agency.  In health emergencies 
involving domestic animals, we will consult with the State Agricultural Department. 
 
E.  Pest Management and Pesticide Use Policies (516 DM 1 and 30 AM 12).  Follow all 
Department and Service pest management and pesticide use policies.  Before applying any 
pesticide to Refuge System lands, you must have a PUP reviewed and approved by the 
appropriate Regional or National IPM coordinator.  The National IPM coordinator must approve 
the use of all adulticides.  We can expedite PUP approvals in a health emergency.  If an outside 
agency conducts pesticide applications, as will usually be the case, we require an SUP, 
memorandum of understanding, or other agreement.  The agreement will detail the justification 
for pesticide applications, identify the specific areas to be treated, and list any restrictions or 
conditions that must be followed before, during, or after treatment. 
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Table 1. Example of Mosquito-Borne Disease Health Threat and Response Matrix 

Current Conditions 

Health Threat 
Category1 

Refuge 
Mosquito 

Populations2 

Threat 
Level 

Refuge Response 

No documented existing 
or historical health 
threat/emergency 

No action threshold 1 Remove/manage artificial 
mosquito breeding sites such as 
tires, tanks, or similar 
debris/containers.  Allow 
compatible monitoring. 

Below action 
threshold 

2 Response as in threat level 1, 
plus:  evaluate compatible 
nonpesticide management 
options to reduce mosquito 
production. 

Documented historical 
health threat/emergency 

Above action 
threshold 

3 Response as in threat level 2, 
plus: allow compatible site-
specific larviciding of infested 
areas as determined by 
monitoring. 

Below action 
threshold 

4 Response as in threat level 2, 
plus: increase monitoring and 
disease surveillance. 

Documented existing 
health threat (specify 
multiple levels, if 
necessary; e.g., disease 
found in wildlife, 
disease found in 
mosquitoes, etc.) 

Above action 
threshold 

5 Response as in threat levels 3 
and 4, plus: allow compatible 
site-specific larviciding, 
pupaciding, or adulticiding of 
infested areas as determined by 
monitoring data. 

Below action 
threshold 

6 Maximize monitoring and 
disease surveillance. 

Officially determined 
existing health 
emergency 

Above action 
threshold 

7 Response as in threat level 6, 
plus:  allow site-specific 
larviciding, pupaciding, and 
adulticiding of infested areas as 
determined by monitoring. 
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1 Health threat/emergency as determined by Federal and/or State/local public health or wildlife 
management authorities with jurisdiction inclusive of refuge boundaries and/or neighboring 
public health authorities. 
 
2 Action thresholds represent mosquito population levels that may require intervention measures.  
Thresholds will be developed in collaboration with Federal and/or State/local public health or 
wildlife management authorities and vector control districts.  They must be species and life stage 
specific (see text). 

A-14



INTERIM MOSQUITO GUIDANCE 2005 4/2005                                            
  

 15 

Table 2. Factors to be considered in establishing thresholds for use of 
larvicides/pupacides/adulticides to control mosquitoes to address human health threats. 
 

Factor Description Consideration 

 Mosquito species Mosquito species vary in the 
following: their ability to carry and 
transmit disease; flight distances; 
feeding preference (birds, mammals, 
humans); seasonality; and type of 
breeding habitat 

These factors should be considered 
when establishing adult and larval 
thresholds.  Often the species and 
biology of the mosquito will be more 
important in developing thresholds 
than the relative abundance.  

Proximity to human populations  The distance from potential 
mosquito habitat on NWRs to 
population centers (numbers and 
density). 

The potential to produce large 
numbers of mosquitoes in close 
proximity to population centers may 
result in less tolerance or lower 
thresholds for implementation of 
mosquito control on NWRs. 

Weather patterns Prevailing wind patterns, 
precipitation, and temperatures. 

Prevailing wind patterns that carry 
mosquitoes from refuge habitats to 
population centers may require lower 
thresholds.  Inclement weather 
conditions may prevent mosquitoes 
from moving off-refuge resulting in 
higher thresholds.  

Cultural mosquito tolerance The tolerance of different 
populations may vary by region of 
the Country and associated culture 
and tradition. 

In many parts of the Country, 
mosquitoes are accepted as a way of 
life, resulting in higher mosquito 
management thresholds.  NWRs in 
highly populated areas may require 
lower thresholds because of the 
intolerance of urban dwellers to 
mosquitoes. 

Adults harbored, but not produced, 
on-refuge 

Refuge provides resting areas for 
adult mosquitoes produced in the 
surrounding landscape. 

Threshold for mosquito management 
on the refuge should be high with an 
emphasis for treatment of mosquito 
breeding habitat off refuge. 

Spatial extent of mosquito breeding 
habitat 

The relative availability of mosquito 
habitat within the landscape that 
includes the refuge. 

If the refuge is a primary breeding 
area for mosquitoes that likely affect 
human health, threshold may be 
lower.  If refuge mosquito habitats 
are insignificant in the context of the 
landscape, thresholds may be higher. 
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Factor Description Consideration 

Natural predator populations Balanced predator-prey populations 
may limit mosquito production. 

If refuge vertebrate and invertebrate 
prey populations are adequate to 
control mosquitoes, threshold for 
treatment should be high. 

Type of mosquito habitat Preferred breeding habitat for 
mosquitoes is species- specific. 

Because breeding habitat is species-
specific, thresholds for each species 
to initiate control should be 
correlated with appropriate habitat 
types. 

Water quality  Water quality influences mosquito 
productivity. 

High organic content in water may 
increase mosquito productivity, 
lower natural predator abundance, 
and may require lower thresholds.  

Opportunities for water and 
vegetation management 

Management of water levels and 
vegetation may reduce mosquito 
productivity. 

Thresholds for treatment should be 
higher where mosquitoes can be 
controlled through habitat 
management. 

Presence/absence of vector control 
agency 

Many areas do not have adequate 
human populations to support 
vector control.  In addition, 
resources available for mosquito 
management vary among districts. 

Thresholds for management may be 
much higher or non-existent in areas 
without vector control.  

Accessibility for monitoring/control Refuges may not have adequate 
access to monitor or implement 
mosquito management.  

Thresholds will probably be higher 
for refuges with limited access that 
will require cost- prohibitive 
monitoring and treatment strategies. 

History of mosquito borne diseases in 
area  

Past monitoring of wildlife, 
mosquito pools, horses, sentinel 
chickens, and humans have 
documented mosquito-borne 
diseases. 

Thresholds in areas with a history of 
mosquito-borne disease(s) will 
likely be lower. 
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EXHIBIT 1 
 

Outline:  Integrated Pest Management Plan for Mosquito Associated Threats on Refuges 
 

I.  Health Threat Determination. 
 
A.  Describe the communication process and identify points of contact and their contact 
information for Federal and/or State/local public health authorities, vector control districts, and 
recognized experts in vector ecology, epidemiology, public health, and wildlife health.  Identify 
agency with public human health authority and personnel with medical training regarding the 
epidemiology of mosquito-borne diseases that has the official capacity to make a human health 
determination. 
 
B.  Elaborate on regional/local history of mosquito associated health threat(s).  Identify endemic 
and enzootic mosquito-borne diseases. 
 
C.  Determine health threat using criteria in table 1 based on documentation from Federal or 
State fish and wildlife agency health experts, Federal and/or State/local public health authorities, 
and/or public health veterinarians employed by the appropriate public health authorities that 
refuge-based mosquitoes threaten human, wildlife, or domestic animal health. 
 

1.  Off-refuge (or on-refuge, if available) mosquito surveillance summary data (species 
and abundance). 

 
2.  List of mosquito species present, enzootic/endemic diseases they may vector, and any 
other potential adverse impacts to health they may have. 

 
II.  Monitoring  Mosquito Populations (developed in cooperation with Federal/State/local 
public health authorities, vector control agencies, and State fish and wildlife agencies). 
 
A.  Identify the purpose and goals of monitoring on the refuge. 
 
B.  Identify who will be conducting the monitoring on the refuge and their contact information. 
 
C.  Identify when monitoring will be conducted. 
 

1.  Routine, seasonal; or 
 

2.  Monitoring only when threat level is elevated (identify triggers for monitoring). 
 
D.  Description of monitoring protocols. 
 

1.  Larval and pupal mosquito monitoring and breeding habitat inventory and mapping. 
 

(a)  Objective(s)  
(b)  Method(s). 
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(c)  Sampling locations and numbers of samples/location. 
(d)  Frequency of sampling. 
(e)  Processing/identification of samples (species, larval stage). 

 
2.  Adult mosquito monitoring. 

 
(a)  Method(s) of sampling (e.g., traps, landing counts). 
(b)  Sampling locations and frequency of sampling. 
(c)  Processing/identification of samples. 

 
3.  Post-treatment monitoring:  Monitoring should continue after any treatment to 
determine efficacy. 

 
E.  Reporting. 
 

1.  Refuge receives copies of all monitoring data concerning refuge. 
 

2.  Refuge shares annual habitat management plans, if applicable, with public health or 
vector control agency. 

 
F.  Restrictions/Stipulations:  Identify any restrictions/stipulations on monitoring activities (e.g., 
access, vehicle use, sensitive species or habitats, time of day, etc.) to ensure compatibility. 
 
III.  Surveillance of Mosquito-Borne Disease (developed in cooperation with 
Federal/State/local public health authorities, vector control agencies, and State fish and 
wildlife agencies).  
 
A.  Identify the purpose and goals of surveillance. 
 
B.  Identify who will be conducting surveillance on or near the refuge and their contact 
information. 
 
C.  Identify when surveillance will be conducted. 
 

1.  Routine, seasonal surveillance; or 
 

2.  Surveillance only when threat level is elevated (identify triggers for surveillance). 
 
D.  Description of surveillance protocols. 
 

1.  Disease monitoring. 
 

(a)  Objective(s). 
(b)  Method(s). 
(c)  Monitoring locations. 
(d)  Wildlife testing facility (for dead or sick wildlife found on the refuge). 
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2.  Disease activity notification procedures between public health agency, State fish and 
wildlife agency, and refuge (these procedures are developed cooperatively).  

 
3.  Post-treatment monitoring:  Surveillance should continue after any treatment to 
determine efficacy. 

 
E.  Restrictions/Stipulations:  Identify any restrictions/stipulations on surveillance activities (e.g., 
access, vehicle use, sensitive species or habitats, time of day, etc.). 
 
IV.  Treatment Options (developed in cooperation with Federal/State/local public health 
authorities, and vector control agencies, and State fish and wildlife agencies using stepwise 
approach, table 1).  
 
A.  Identify and categorize refuge-based mosquito species or species groups based on role in 
transmission cycle(s) of enzootic/endemic diseases and other impacts to human, wildlife, or 
domestic animal health. 
 
B.  Identify species-specific larval, pupal, and adult mosquito vector action threshold levels that 
reflect the importance of vector species in identified health threats (see table 2).  
 
C.  Identify health threat levels and describe potential intervention measures for each level (table 
1).  Include non-pesticide and pesticide intervention options. 
 
D.  Complete NEPA process, as necessary, to examine potential environmental effects of 
potential intervention measures.  In an emergency, contact the Regional NEPA coordinator for 
guidance. 
 
E.  Complete ESA, section 7, consultation for potential impacts to endangered species from 
intervention measures. 
 
F.  Identify specific pesticides or other management actions to use at specific threat levels based 
on NEPA and ESA, section 7, analyses. 
 
G.  Unless it is an emergency, complete a compatibility determination for intervention measures. 
 
H.  Follow Service pesticide use and permitting procedures, and attach approved pesticide use 
proposal (PUP) and special use permits (SUP). 
 

1.  Complete PUP. 
 

2.  Submit PUP to Regional IPM coordinator.  In an emergency, contact Regional pest 
management coordinator (and national IPM coordinator, if applicable) to expedite PUP 
approval. 
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3.  Prepare SUP or other agreement for agency conducting intervention measures, 
outlining specific actions to be taken (when, where, how) and describing any restrictions, 
stipulations, or other conditions on such actions. 
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Statement of Best Management Practices 
and 

Proposed Monitoring Plan 
for 

Coastal Region Mosquito and Vector Control 
Districts 

 
Alameda County Mosquito Abatement District 

Contra Costa Mosquito and Vector Control District 
Marin-Sonoma Mosquito and Vector Control District 

Napa County Mosquito Abatement District 
Santa Clara County Vector Control District 

San Mateo Mosquito Abatement District 
Solano County Mosquito Abatement District 

 
FOR WATER QUALITY ORDER NO 2001-12-DWQ STATEWIDE GENERAL NATIONAL 

POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) PERMIT FOR 
DISCHARGERS OF AQUATIC PESTICIDES TO WATERS OF THE UNITED STATES 

(GENERAL PERMIT) NO. CAG990003 
 
BACKGROUND 
 
Mosquito and vector control districts (MVCD) within the jurisdiction of the San Francisco Bay 
Region (2) Water Quality Control Board, are seeking coverage under the General Permit as "public 
entities" that apply aquatic pesticides for vector and weed control in waters of the United States. As 
provisioned by the State Water Resources Control Board (SWRCB) Policy for Implementation of 
Toxics Standards for Inland Surface Waters, Enclosed Bays, and Estuaries of California, MVCD 
are allowed categorical exemptions from meeting priority pollutant/objectives for public health pest 
management. Although the administrations of the MVCD vary between special, independent, and 
dependent districts, the underlying health and safety statutory mandates and requirements are one 
and the same (California Health and Safety Code, Division 3).   
 
While various mosquito larvicides used by the MVCD (Table 1) are directly applied to water 
bodies with the purpose and intent of killing mosquito larvae, extensive research has indicated that 
little or no lasting environmental impacts are imparted. Currently used aquatic pesticides (Bacillus 
thuringiensis israelensis, B. sphaericus and methoprene) degrade rapidly in the environment, thus 
the areal extent and duration of residues may be considered negligible.  When integrated with other 
strategies including vegetation management, surface acting agents, and predatory mosquitofish, 
these aquatic pesticides constitute safe and effective best management practices (BMP).  
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Similarly, a limited use by MVCD of herbicides, glyphosate and sulfometuron methyl (Table 1) is 
largely restricted to Napa County.  These compounds are probably not reaching Waters of the U.S. 
since they are used on the berms of wastewater channels and ponds and are not applied directly to 
water.   
 
This document presents and discusses the BMPs of the MVCD and proposes a monitoring plan as a 
requisite to the General Permit. The MVCD are confident that currently-established practices are 
very much environmentally safe due to the use of non-toxic or less toxic alternatives and proven 
BMP systems.  Additionally, the aquatic pesticides are applied at rates sufficiently low to leave the 
physical parameters of the environment (i.e., temperature, salinity, turbidity and pH) unchanged.  
Therefore, the MVCD are proposing broad exemptions to General Permit requirements that are 
presented and justified below. 
 
Statement of Best Management Practices 
 
INTRODUCTION 
 
The MVCD in the S.F. Bay Region (see map below) are some of the oldest organized programs of 
mosquito control in North America, most have been in existence since the early 1900's.  These 
districts were formed (pursuant to California Health and Safety Code Sections 2200-2280) by local 
citizens and governments to reduce the risk of vector-borne disease or discomfort to the residents of 
San Francisco Bay area. This includes vector-borne diseases such as mosquito-borne encephalides 
and malaria.  Vector control districts are indirectly regulated by the Department of Pesticide 
Regulation (DPR).  Supervisors and applicators are licensed by the California Department of 
Health Services (CDHS).  Pesticide use by vector control agencies is reported to the County 
Agricultural Commission (CAC) in accordance with a 1995 Memorandum of Understanding 
among DPR, CDHS, and the CACs for the Protection of Human Health from the Adverse Effects 
of Pesticides and with cooperative agreements entered into between DHS and vector control 
agencies, pursuant to Health and Safety Code section 116180. 
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Map of San Francisco Bay Water Quality Control Region with counties. 
 
Mosquito and vector control districts in the coastal region have all implemented Best Management 
Practices (BMP)s based on the philosophy of integrated pest management (IPM).  The basic 
components of the programs are:  (1) surveillance of pest populations, (2) determination of 
treatment thresholds, (3) selection from a variety of control options including physical, cultural, 
biological and chemical techniques (4) training and certification of applicators and (5) public 
education. 
 
1.   MOSQUITO SURVEILLANCE 
 
Surveillance of pest populations is essential for assessing the necessity, location, timing and choice 
of appropriate control measures.   It reduces the areal extent and duration of pesticide use, by 
restricting treatments to areas where mosquito populations exceed established thresholds.  The 54 
mosquito species known in California differ in their biology, nuisance and disease potential and 
susceptibility to larvicides.  Information on the species, density, and stages present is used to select 
an appropriate control strategy from integrated pest management alternatives.  
 
A. Larval Mosquito Surveillance 
 
Surveillance of immature mosquitoes is conducted by MVCD staff assigned to zones within 
“districts”.  These technicians maintain a list of known mosquito developmental sites and visit them 
on a regular basis.  When a site is surveyed, water is sampled with a 1 pint dipper to check for the 
presence of mosquitoes.  Samples are examined in the field or laboratory to determine the 
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abundance, species, and life-stage of mosquitoes present.  This information is compared to 
historical records and used as a basis for treatment decisions 
 
B.  Adult Mosquito Surveillance 
 
Although larval mosquito control is preferred, it is not possible to identify all larval sources.  
Therefore, adult mosquito surveillance is needed to pinpoint problem areas and locate previously 
unrecognized or new larval developmental sites. Adult mosquitoes are sampled using standardized 
trapping techniques (i.e., New Jersey light traps, carbon dioxide-baited traps and oviposition traps). 
 
Mosquitoes collected by these techniques are counted and identified to species.  The spatial and 
seasonal abundance of adult mosquitoes is monitored on a regular basis and compared to historical 
data. 
 
C.  Service Requests 
 
Information on adult mosquito abundance from traps is augmented by tracking mosquito 
complaints from residents.  Analysis of service requests allows district staff to gauge the success of 
control efforts and locate undetected sources of mosquito development.  All MVCD conduct public 
outreach programs and encourage local residents to contact them to request services.  When such 
requests are received, technicians visit the area, interview residents and search for sources that may 
have been missed.  Residents are asked to provide a sample of the insect causing the problem.  
Identification of these samples provides information on the species present and can be helpful in 
locating the source of the complaint. 
 
2.  PRE-TREATMENT DECISION-MAKING 
 
A. Thresholds 
 
Treatment thresholds are established for mosquito developmental sites where potential disease 
vector and/or nuisance risks are evident.  Therefore, only those sources that represent imminent 
threats to public health or quality of life are treated.  Treatment thresholds are based on the 
following criteria: 
 
- Mosquito species present 
- Mosquito stage of development 
- Nuisance or disease potential 
- Mosquito abundance 
- Flight range 
- Proximity to populated areas 
- Size of source 
- Presence/absence of natural enemies or predators  
- Presence of sensitive/endangered species 
 
B.  Selection of Control Strategy 
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When thresholds are exceeded an appropriate control strategy is implemented.  Control strategies 
are selected to minimize potential environmental impacts while maximizing efficacy.  The method 
of control is based on the above threshold criteria but also: 
 
- Habitat type 
- Water conditions and quality 
- Weather conditions 
- Cost 
- Site accessibility 
- Size of site and number of other developmental sites 
 
3.  CONTROL STRATEGIES 
 
A.  Source Reduction 
 
Source reduction includes elements such as, physical control, habitat manipulation and water 
management, and forms an important component of the Coastal Region MVCD IPM program.  
 
B.  Physical Control 
 
The goal of physical control is to eliminate or reduce mosquito production at a particular site 
through alteration of habitat.  Physical control is usually the most effective mosquito control 
technique because it provides a long-term solution by reducing or eliminating mosquito 
developmental sites and ultimately reduces the need for chemical applications. 
 
Historically (circa 1903), the first physical control efforts were projects undertaken to reduce the 
populations of salt marsh mosquitoes in marshes near San Rafael.  Two years later, similar work 
was undertaken in the marshes near San Mateo.  Networks of ditches were created by hand to 
enhance drainage and promote tidal circulation. Since then, various types of machinery have been 
used since then to create ditches necessary to promote water circulation.  In recent years, a number 
of environmental modification projects have been undertaken in collaboration with the U.S. Fish 
and Wildlife Service (USFWS) to reduce potential mosquito developmental sites and enhance 
wildlife habitat. Re-circulation ditches allow tidewater to enter the marsh at high tide and drain off 
at low tide.  Water remaining in the ditch bottoms at low tide provides habitat for mosquito-eating 
fish.  These projects have reduced the need to apply chemicals on thousands of acres of salt marsh 
in the San Francisco Bay.  
 
Physical control programs conducted by the MVCD may be categorized into three areas: 
"maintenance", "new construction", and "cultural practices" such as vegetation management and 
water management.  
 
Maintenance activities are conducted within tidal, managed tidal and non-tidal marshes, seasonal 
wetlands, diked, historic baylands and in some creeks adjacent to these wetlands. The following 
activities are classified as maintenance:  
 
* Removal of sediments from existing water circulation ditches 
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* Repair of existing water control structures 
* Removal of debris, weeds and emergent vegetation in natural channels 
* Clearance of brush for access to streams tributary to wetland areas 
* Filling of existing, non-functional water circulation ditches to achieve required water circulation 
dynamics and restore ditched wetlands. 
        
The preceding activities are included within the permits required by U.S. Army Corps of Engineers  
(USACE) and San Francisco Regional Water Quality Control Board (SFRQWB) (Waste 
Discharge) and coordinated by the California DHS.  Additional agencies involved include the 
Coastal Conservancy and San Francisco Bay Conservation and Development Commission. 
 
New projects, such as wetland restoration, excavation of new ditches, construction of new water 
control structures, all require application by individual districts directly to the USACE. Currently, 
few districts in the coastal region have the resources available to initiate new physical control 
projects.  Instead, most districts try to work with landowners to manage their lands in a manner that 
does not promote mosquito development. Coastal region MVCD staff review proposals for 
wetlands construction to assess their impact on mosquito production. The districts then submit 
recommendations on hydrological design and maintenance that will reduce the production of 
mosquitoes and other vectors.  This proactive approach involves a collaborative effort between 
landowners and MVCD.  Implementation of these standards may include cultural practices such as 
water management and aquatic vegetation control.   
 
C.  Biological control 
 
Biological control agents of mosquito larvae include predatory fish, predatory aquatic invertebrates 
and mosquito pathogens.  Of these, only mosquitofish are available in sufficient quantity for use in 
mosquito control programs.  Natural predators may sometimes be present in numbers sufficient to 
reduce larval mosquito populations.  Biological control is sometimes used in conjunction with 
selective bacterial or chemical insecticides.  
 
Mosquitofish (Gambusia affinis) 
 
The mosquitofish, Gambusia affinis, is a natural predator of mosquito larvae used throughout the 
world as a biological control agent for mosquitoes.  Although not native to California, mosquitofish 
are now ubiquitous throughout most of the State's waterways and tributaries, where they have 
become an integral part of aquatic food chains.   They can be stocked in mosquito larval sources by 
trained district technicians or distributed to the public for stocking in backyard ornamental ponds 
and other artificial containers. 
 
Advantages: The use of mosquitofish as a component of an IPM program may be environmentally 
and economically preferable to habitat modification or the exclusive use of pesticides, particularly 
in altered or artificial aquatic habitats.  Mosquitofish are self-propagating, have a high reproductive 
potential and thrive in shallow, vegetated waters preferred by many mosquito species.  They prefer 
to feed at the surface where mosquito larvae concentrate.  These fish can be readily mass-reared for 
stocking or collected seasonally from sources with established populations for redistribution.   
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Barriers to Use:  Water quality conditions, including temperature, dissolved oxygen; pH and 
pollutants may reduce or prevent survival and/or reproduction of mosquitofish in certain habitats.  
Mosquitofish may be preyed upon by other predators.  They are opportunistic feeders and may 
prefer alternative prey when available.  Introduction of mosquitofish may modify food chains in 
small-contained pools and have potential impacts on endemic fish and shrimp in such situations.  
Some wildlife agencies suspect mosquitofish may impact survival of amphibian larvae through 
predation.  Recent research has shown no significant impact on survival of the threatened 
California red-legged frog (Lawler et al. 1998), but mosquitofish have been shown to negatively 
impact the survival of the California tiger salamander (Leyse and Lawler 2000). 
 
Impact on water quality:  Mosquitofish populations are unlikely to impact on water quality. 
 
Solutions to Barriers:  Strict stocking guidelines adopted by MVCD restrict the use of mosquitofish 
to habitats such as artificial containers, ornamental ponds, abandoned swimming pools, cattle 
troughs, stock ponds, etc. . . . where water quality is suitable for survival and sensitive or 
endangered aquatic organisms are not present.  Fish are generally stocked at population densities 
lower than those required for effective mosquito control and allowed to reproduce naturally 
commensurate with the availability of mosquito larvae and other prey. Guidelines prevent seasonal 
stocking in natural habitats during times of year when amphibian larvae or other sensitive 
species/life stages may be present.   
 
Natural predators: aquatic invertebrates 
 
Many aquatic invertebrates, including diving beetles, dragonfly and damselfly naiads, 
backswimmers, water bugs and hydra are natural predators of mosquito larvae.  
 
Advantages:  In situations where natural predators are sufficiently abundant, additional mosquito 
control measures including application of pesticides may be deemed unnecessary. 
 
Barriers to Use:  Predatory aquatic invertebrates are frequently not sufficiently abundant to achieve 
effective larval control, particularly in disturbed habitats. Most are generalist feeders and may 
prefer alternative prey to mosquito larvae if available and more accessible.   Seasonal abundance 
and developmental rates often lag behind mosquito populations.  Introduction or augmentation of 
natural predators has been suggested as a means of biological control, however there are currently 
no commercial sources since suitable mass-rearing techniques are not available. 
 
Solutions to Barriers: The presence and abundance of natural predators is noted and taken into 
account during the larval surveillance process.  Conservation of natural predators, whenever 
possible, is achieved through use of highly target-specific pesticides including bacterial 
insecticides, with minimal impacts on non-target taxa.    
 
Impact on water quality:  As predatory invertebrates represent a natural part of aquatic ecosystems, 
they are unlikely to impact water quality.  There are no established standards, tolerance, or EPA 
approved tests for aquatic invertebrate populations.  
 
Fungal pathogens (Lagenidium giganteum) 
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Product name: Laginex 
 
Lagenidium giganteum is a fungal parasite of mosquito larvae.  It is highly host-specific; other 
aquatic organisms are not susceptible and there is no mammalian toxicity.  Unfortunately, the 
effectiveness of this pathogen has proven to be extremely variable due to stringent environmental 
requirements for growth and development of the fungus.  Although commercial formulations 
(aqueous suspension) of this pathogen have been produced, severe limitations on its availability, 
shelf life and handling, as well as inconsistent results have prevented its integration into mosquito 
control programs in California.   
 
Advantages:  Use of fungal pathogens as part of an integrated pest management program may 
reduce the need for use of conventional insecticides.  Lagenidium may recycle naturally in certain 
habitats, providing long-term larval reducing the need for repeated applications. 
 
Barriers to Use: Commercial availability is uncertain.  Because it contains living fungal mycelium 
the material has a very limited shelf life and is difficult to handle and apply.  It is also very 
sensitive to environmental conditions (i.e., pH, salinity, and temperature), which makes its 
effectiveness highly variable. 
 
Solutions to Barriers:  Lagenidium is not currently in routine use in Coastal Region mosquito 
control programs due to problems with availability and reliability of control. 
 
Impact on water quality:  Lagenidium is a naturally occurring biological control agent   At a typical 
application rate of 10 oz of active ingredient (mycelium) per acre it is unlikely to have any 
detectable effect on water quality.  There are no established standards, tolerances or EPA approved 
tests for Lagenidium. 
 
 D.  Bacterial insecticides 
 
Bacterial insecticides contain naturally produced bacterial proteins that are toxic to mosquito larvae 
when ingested in sufficient quantity.  Although they are biological agents, such products are labeled 
and registered by the Environmental Protection Agency as pesticides and are considered by some to 
be a form of Chemical Control.   
 
Bacillus thuringiensis var. israelensis (BTI) 
 
Product names: Acrobe, Bactimos pellets, Teknar HP-D, Vectobac 12AS, Vectobac G, Vectobac 
TP. 
 
Advantages:  BTI is highly target-specific and has been found to have significant effects only on 
mosquito larvae, and closely related insects (e.g., blackflies and some midges).  It is available in a 
variety of liquid, granular and pelleted formulations that provide some flexibility in application 
methods and equipment.  BTI has no measurable toxicity to vertebrates and is classified by EPA as 
"Practically Non-Toxic" (Caution).   BTI formulations contain a combination of five different 



March 13, 2002 B-9 

proteins within a larger crystal.  These proteins have varying modes of action and synergistically 
act to reduce the likelihood of resistance developing in larval mosquito populations. 
 
Barriers to Use:  Bacterial insecticides must be fed upon by larvae in sufficient quantity to be 
effective.  Therefore applications must be carefully timed to coincide with periods in the life cycle 
when larvae are actively feeding.  Pupae and late 4th stage larvae do not feed and therefore will not 
be controlled by BTI.  Low water temperature inhibits larval feeding behavior, reducing the 
effectiveness of BTI during the cooler months.  High organic conditions also reduce the 
effectiveness of BTI.  Cost per acre treated is generally higher than surfactants or organophosphate 
insecticides.   
 
Solutions to Barriers:  An increased frequency of surveillance of larvae ensures that bacterial 
insecticides can be applied during the appropriate stages of larval development to prevent adult 
mosquito emergence.   
 
Impact on water quality:  BTI contains naturally produced bacterial proteins generally regarded as 
environmentally safe.  It leaves no residues and is quickly biodegraded.  At the application rates 
used in mosquito control programs, BTI is unlikely to have any measurable effect on water quality.   
There are no established standards, tolerances or EPA approved tests.  Other naturally occurring 
strains of this bacterium are commonly found in aquatic habitats. 
 
Bacillus sphaericus (BS) 
 
Product names:  Vectolex CG, Vectolex WDG 
 
Advantages:  BS is another bacterial pesticide with attributes similar to those of BTI.  The efficacy 
of this bacterium is not affected by the degree of organic pollution in larval development sites and 
it may actually cycle in habitats containing high densities of mosquitoes, reducing the need for 
repeated applications.  
 
Barriers to Use:  Like BTI, BS must be consumed by mosquito larvae and is not is therefore not 
effective against nonfeeding stages such as late 4th instar larvae or pupae.  BS is also ineffective 
against certain mosquito species such as those developing in saltmarshes, seasonal forest pools or 
treeholes.  Toxicity of BS to mosquitoes is due to a single toxin rather than a complex of several 
molecules as is the case with BTI.  Development of resistance has been reported in Brazil. Thailand 
and France in sites where BS was the sole material applied to control mosquitoes for extended 
periods of time. 
 
Solutions to Barriers:  Information obtained from larval surveillance on the stage and species of 
mosquitoes present can increase the effectiveness of this material, restricting it use to sources 
containing susceptible mosquitoes.  Development of resistance can be delayed by rotating BS with 
other mosquitocidal agents. 
    
Impact on water quality:  BS is a naturally occurring bacterium and is environmentally safe.  It 
leaves no residues and is quickly biodegraded.  At the application rates used in mosquito control 
programs, BS is unlikely to have any measurable effect on water quality.   There are no established 
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standards, tolerances or EPA approved tests.  Other naturally occurring strains of this bacterium are 
commonly found in aquatic habitats. 
 
E.  Chemical Control 
 
Methoprene 
 
Product Names:  Altosid briquets, Altosid liquid larvicide, Altosid pellets, Altosid SBG, Altosid 
XR briquets, Altosid XRG 
 
Advantages: 
 
Methoprene is a larvicide that mimics the natural growth regulator used by insects.  Methoprene 
can be applied as liquid or solid formulation or combined with BTI or BS to form a "duplex" 
application.  Methoprene is a desirable IPM control strategy since affected larvae remain available 
as prey items for predators and the rest of the food chain. This material breaks down quickly in 
sunlight and when applied as a liquid formulation it is effective for only 3 to 5 days. Methoprene 
has been impregnated into charcoal-based carriers such as pellets and briquettes for longer residual 
activity ranging up to 150 days. The availability of different formulations provides options for 
treatment under a wide range of environmental conditions. Studies on nontarget organisms have 
found methoprene to be nontoxic to vertebrates and most invertebrates when exposed at 
concentrations used by mosquito control.  
 
Barriers to Use: Methoprene products must be applied to larval stage mosquitoes since it is not 
effective against the other life stages. Monitoring for effectiveness is difficult since mortality is 
delayed.  Methoprene is more expensive than most other mosquitocidal agents.  Methoprene use is 
avoided in vernal pools.  There may be toxicity to certain nontarget crustacean and insect species. 
 
Solutions to Barriers:  Surveillance and monitoring can provide information on mosquito larval 
stage present, timing for applications and efficacy of the treatments.   
 
Impact on Water Quality:  Methoprene does not have a significant impact on water quality.  It is 
rapidly degraded in the environment and is not known to have persistent or toxic breakdown 
products.  It is applied and has been shown to be effective against mosquitoes at levels far below 
those that can be detected by any currently available test.  Methoprene has been approved by the 
World Health Organization for use in drinking water containers.  
 
 
Surfactants 
 
Product Names:  Golden Bear 1111, Agnique MMF 
 
Surfactants are "surface-acting agents" that are either petroleum or isostearyl alcohol-based 
materials that form a thin layer on the water surface.  These materials typically kill surface-
breathing insects by mechanically blocking the respiratory mechanism.   
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Advantages:  These materials are the only materials efficacious for reducing mosquito pupae since 
other larviciding strategies (i.e., methoprene, BTI and BS) are ineffective to that life stage.  
Agnique forms an invisible monomolecular film that is visually undetectable. Treatments are 
simplified due to the spreading action of the surfactant across the water surface and into 
inaccessible areas. These surfactants are considered "practically nontoxic" by the EPA.  Agnique is 
labeled "safe for use" in drinking water.   
 
Barriers to Using:  The drawback of using oils in habitats where natural enemies are established is 
that surface-breathing insects, particularly mosquito predators, are similarly affected.  GB1111 
forms a visible film on the water surface. 
 
Solutions to Barriers:  As a general rule, surfactant use is considered after alternate control 
strategies have been ruled out or in habitats that are not supporting a rich macro-invertebrate 
community (i.e., manmade sites). 
 
F.   Cultural Practices 
 
Wetland design criteria were developed and endorsed by DHS and the San Francisco Bay 
Conservation and Development Commission in 1978 as part of the Suisun Marsh Protection Plan 
under California State Assembly Bill 1717.  These criteria have been sent to various governmental 
agencies and private parties involved in the planning process for projects having the potential of 
creating mosquito breeding problems. Guidelines for the following source types are included in the 
above marsh protection plan and may be considered cultural control techniques: 
 
* Drainageway construction and maintenance practices 
* Dredge material disposal sites 
* Irrigated pastures 
* Permanent ponds used as waterfowl habitat 
* Permanent Water impoundments 
* Salt marsh restoration of exterior levee lands 
* Sedimentation ponds and retention basins 
* Tidal marshes 
* Utility construction practices 
 
The MVCD also provide literature and education programs for homeowners and contractors on 
elimination of mosquito developmental sites from residential property.  These sources include rain 
gutters, artificial containers, ornamental ponds, abandoned swimming pools, tree holes, septic 
tanks, and other impounded waters. 
 
Water Management consists of techniques to control the timing, quantity and flow rate of water 
circulation in managed wetlands to minimize mosquito development.  MVCD have established 
guidelines for water management based on information from University of California Agricultural 
Extension Service (UCAES).  Districts provide these guidelines to property owners to promote 
proper irrigation techniques for pastures, duck clubs and other wetlands to reduce mosquito 
development.  Some MVCD operate structures such as tide gates that control water levels in 
marshes to minimize mosquito production. 
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G.  Vegetation Management  
 
Vegetation Management consists of the removal of vegetation within mosquito developmental sites 
to promote water circulation, increase access of natural predators such as fish or provide MVCD 
staff access for surveillance and treatment operations.  Vegetation management is achieved either 
through recommendations to the landowner or by the use of hand tools and the application of 
selective herbicides. 
 
Vegetation management, one aspect of physical mosquito control, is an effective long-term control 
strategy that is occasionally employed by MVCD.  This methodology utilizes water management, 
burning, physical removal, and chemical means to manage vegetation within mosquito 
developmental sites.  The presence of vegetation provides harborage for immature and adult 
mosquitoes by protecting them from potential predators as well as the effects of wind and wave 
action, which readily cause mortality.  Vegetation reduction not only enhances the effects of 
predators and abiotic factors, but also reduces the need for chemical control.  Several factors can 
limit the utilization   of vegetation management.  These include: sensitivity of the habitat, presence 
of special status species, size of the site, density and type of vegetation, species of mosquito and 
weather. 
 
A.  Burning 
 
This technique is used to achieve effective mosquito control where the density of unwanted 
vegetation precludes the use of other methodologies.  Burning requires a permit, and coordination 
with local fire agencies and the Bay Area Air Quality Management District. This strategy is limited 
to manmade impoundments and fallow farm lands. Factors limiting the use of this technique 
include weather, the limited number of approved burn days, and proximity of human habitation.  As 
a general rule, burning is a last resort and not a primary method. 
 
B.  Physical Removal/Mowing/Trimming 
 
Physical removal of vegetation is used to clear obstructed channels and ditches to promote water 
circulation, effectiveness of predators and improve access for mosquito control personnel to enter 
mosquito developmental sites.  Ditches and channels can be cleared with a variety of tools ranging 
from shovels and small pruners to weed whackers and large mechanized equipment.  Most removal 
activities performed by MVCD utilize small hand tools.  This is the most frequently employed 
management technique once all necessary permits have been obtained and it is performed in all 
types of habitats.  Unfortunately, its effectiveness is temporary and labor intensive, and therefore 
requires routine maintenance on an annual or at least biennial basis.  Other limiting actors include 
cost, the presence of sensitive species or habitats and the limited time period that MVCD are 
allowed to perform the activity for many types of mosquito developmental sites. 
 
C.  Chemical 
 
Chemical control of vegetation occurs only in man-made habitats such as impoundments, channels 
and ditches.  Both pre- and post-emergent herbicides are used, with strict attention given to label 



March 13, 2002 B-13 

requirements, weather conditions, potential for runoff and drift, and proximity of sensitive 
receptors such as special-status species, sensitive habitats, livestock, crops, and people.  Routine 
intensive surveys are conducted to address many of these factors.  Most MVCD use little or no 
herbicides.  For those that do, two types of herbicides are currently in use.  These are:  glyphosate 
based (Roundup and Rodeo) and sulfonylurea based (Oust).  
 
Chemical name:  Glyphosate 
 
Product names:  Roundup, Rodeo, Gallup, Landmaster, Pondmaster, Ranger, Touchdown, and 
Aquamaster 
 
Advantages:  Glyphosate based herbicides are not applied directly to water, but along the levee tops 
and margins of wastewater ponds, channels, ditches and access roads as post-emergence herbicides.  
These are non-selective, low-residual herbicides used to control weeds and low-growing brush.  
These materials come in a variety of formulations, allowing for flexibility of use and application.  
MVCD in recent years have only used the Roundup, Rodeo and Aquamaster formulations  
(Aquamaster being the registered replacement for Rodeo).  Glyphosate acts in plants by inhibiting 
amino acid synthesis.  Roundup (41% of the isopropylamine salt of glyphosate with surfactants) 
and Aquamaster (53% of the isopropylamine salt of glyphosate without surfactants) are applied 
from March through October for spot control of weed growth.  Both of these materials are also 
occasionally used to control growth of poison oak, blackberry vines and non-native aquatic weeds 
such as Spartina and peppergrass that would prevent access, impede water flows or out-compete 
native vegetation in sensitive habitats. 
 
Barriers to using:  Landowners are notified before glyphosate is applied to any site and applications 
are timed with their operations.  Furthermore, to prevent large, tall stands of dead vegetative 
material, applications must be timed so that weed growth is minimal.  Weather conditions, 
specifically wind and rainfall, also affect timing and application of glyphosate based products.  The 
proximity of food crops and sensitive habitats must also be considered. 
 
Solutions to barriers:  Intensive surveillance in and around target sites ensures that nontargets are 
not affected.  Coordination with landowners and appropriate regulatory authorities verifies that 
reasonable and acceptable applications occur. 
 
Impact on water quality:  In water, glyphosate is strongly adsorbed to suspended organic and 
mineral matter and is broken down primarily by microorganisms.  Its half life in pond water ranges 
from 12 days to 10 weeks  (Extoxnet). 
 
Chemical name: Sulfometuron methyl, chemical class sulfonylurea 
 
Product names:  Oust Weed Killer and DPX 5648 
 
Advantages:  Sulfometuron-methyl is a broad spectrum, general use category III pesticide that is 
classed by the US EPA as slightly toxic (acute oral LD50 in rats and mallards greater than 5,000 
mg/kg, acute dermal LD50 in rabbits greater than 2000 mg/kg and acute inhalation LC50 in rats 
greater than 5.3 mg/L).  This herbicide can be applied either pre- or post-emergence for the control 



March 13, 2002 B-14 

of a wide variety of grasses and broadleaf weeds and acts by stopping cell division in the growing 
tips of roots and stems.  Sulfometuron-methyl is readily broken down in animals (half-life in rats 
shown to be 28-40 hours) with no environmental bioaccumulation having been detected or 
reported.  Furthermore, this pesticide is rapidly degraded in water and is broken down in soil by 
microorganisms, chemical action of water (hydrolysis) and sunlight.  No teratogenic, mutagenic or 
carcinogenic effects have been detected or reported. 
 
Barriers to using:  Because sulfometuron-methyl is non-selective, this compound may affect non-
target aquatic and terrestrial plant species.  This herbicide also does not bind strongly to soil and is 
slightly soluble in water. 
 
Solutions to barriers:  Intensive surveillance in and around target sites ensures that sensitive 
receptors are not affected.  Furthermore, coordination with landowners and appropriate regulatory 
authorities verifies that reasonable and acceptable applications occur.  No applications occur where 
there is a potential for unwanted runoff. 
 
Impact on water quality:  The reported half-life for sulfometuron-methyl in water varies from 24 
hours to more than two months depending on factors such as light, pH, dissolved oxygen and 
amount of vegetation present.  In well aerated acidic water, this herbicide is broken down very 
quickly (Extoxnet).  Due to the nature and condition of the application sites (principally wastewater 
ponds) it is not likely that use of this herbicide poses any threat to sensitive habitats or drinking 
water. 
     
H.  ORGANOPHOSPHATES (OP) 
 
While all districts in the San Francisco bay area have used organophosphates in the past, nearly all 
have stopped using these products.  Some districts have not used OP's for over 14 years.  Mosquito 
and vector control agencies that operate under the California Health and Safety Codes may utilize 
those materials registered as mosquito larvicides under the Federal Fungicide, Insecticide, and 
Rodenticide Act.  Such materials used in accordance with label instructions are allowed by law. 
However, as a result of heightened concern over environmental impacts and worker health and 
safety, most of the districts have voluntarily eliminated their use. Organophosphate use will 
probably be reserved for emergency use against disease outbreaks and epidemics. 
 
4.  TRAINING AND CERTIFICATION 
 
All MVCD applicators must be certified to apply public health pesticides.  The CDHS Vector-
Borne Disease Section administers certification training and testing.  All mosquito control 
personnel applying pesticides or overseeing the application of pesticides must obtain a Vector 
Control Technician certificate number.  The Mosquito and Vector Control Association of 
California provides training materials and exams are conducted by the CDHS.  All certificate 
holders must maintain continuing education credit in at least two and as many as four 
subcategories.  Category A (Laws and Regulations) and category B (Mosquito Biology) is 
mandatory for all certificate holders and requires 12 and 8 continuing education units (CEU) 
respectively, in a two year period.  Category C (Terrestrial Invertebrate Control) and Category D 
(Vertebrate Control) are optional both with 8 hours of CEU per two-year cycle.   
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Individual districts conduct a number of in-house educational and safety programs to increase the 
expertise of the operational staff.  Ultimate decisions regarding the need for and application of 
pesticides rest on the field staff based on information acquired from surveillance data.  Decisions to 
apply a particular product are made in accordance to each California Environmental Quality Act 
(CEQA) documentation including threshold levels and other information regarding habitat type, 
distance from populated areas, and water quality data.  Training opportunities to accumulate CEU 
credits are made available by the MVCAC regional committees that develop training programs 
fine-tuned to the local ecology and unique problems of the region.  Training programs are 
submitted to the MVCAC state training coordinator for approval and then to the California 
Department of Health Services for final approval.  Thirty-six hours of CEU credits are offered each 
two-year cycle.   
 
5.  OVERSIGHT 
 
Members of the MVCAC operate under the California Health and Safety Code and the California 
Government Code (reference Division 1, Administration of Public Health, Chapter 2, Powers and 
Duties; also Part 2, Local Administration, Chapter 8, State Aid for Local Health Administration; 
Division 3, Pest Abatement, Chapter 5, Mosquito Abatement Districts or Vector Control Districts, 
Sections 2200 - 2910).   In addition, members of the MVCAC that are signatories to the California 
Department of Health Services Cooperative Agreement (Pursuant to Section 116180, Health and 
Safety Code) are required to comply with the following: 
 
1. Calibrate all application equipment using acceptable techniques before using; maintain 
calibration records for review by the County Agricultural Commissioner (CAC). 
 
2. Maintain for at least two years, pesticide use data for review by the CAC including a record of 
each pesticide application showing the target vector, the specific location treated, the size of the 
source, the formulations and amount of pesticides used, the method and equipment used, the type of 
habitat treated, the date of the application, and the name of the applicator. 
 
3. Submit to the CAC each month a Pesticide Use Report on Department of Pesticide Regulation 
form PR-ENF-060.  The report shall include the manufacturer and product name, the EPA 
registration number from the label, the amount of pesticide used, the number of applications of 
each pesticide, and the total number of applications, per county, per month.  
 
4. Report to the CAC and the CDHS, in a manner specified any conspicuous or suspected adverse 
effects upon humans, domestic animals and other non-target organisms, or property from pesticide 
applications.   
 
5. Require appropriate certification of its employees by CDHS in order to verify their competence 
in using pesticides to control pest and vector organisms, and to maintain continuing education unit 
information for those employees participating in continuing education.  
 
6. Be inspected by the CAC on a regular basis to ensure that local activities are in compliance with 
state laws and regulations relating to pesticide use.   
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Other agencies such as local fire departments, California Department of Fish and Game, U.S. Fish 
and Wildlife Service, U.S. Army Corps of Engineers, and others have jurisdiction and oversight 
over our activities.  We work closely with these agencies to comply with their requirements.   
 
Public Education 
 
An integral part of the MVCD BMP is to provide information to the public to assist them in 
resolving their pest problems.  Specialized staff at the MVCD provide public outreach in the form 
of presentations to schools, utility districts, homeowner associations, county fairs, home and garden 
shows, as well through the media such as newspaper, television, and radio.  Information is provided 
on biological, physical and cultural control methods (i.e., BMPs) that property owner and managers 
can use to preclude or reduce mosquitoes and other disease and nuisance pests within their 
jurisdictions.   
 
 
Proposed Monitoring Plan for S.F. Bay Region Mosquito and Vector Control 
Districts 
 
INTRODUCTION 
 
Mosquito and vector control districts (MVCD) within the San Francisco Bay Region (2) are 
seeking regional coverage under the General Permit for discharges of aquatic pesticides to surface 
waters.  The monitoring plan is presented in this document to the Regional Water Quality Control 
Board and shall be implemented as approved.  Implementation of nontoxic or least toxic control 
alternatives within a BMP program eliminates the need for water quality and chemical residue 
monitoring.  Microbial larvicides, thin-film larvicides and methoprene are justifiably exempted 
from such requirements.   
 
Characterization of Pesticide Application Projects by Region MVCD 
 
Types of sources treated 
 
Activities of the MVCD are directed toward control of mosquitoes in their aquatic, larval stage.  
This approach allows control activities to be concentrated in localized areas using least toxic 
materials.  Adult mosquitoes may occasionally be targeted for control, such as in the case of disease 
outbreaks.  However, this approach requires the use of more potent pesticides applied over a greater 
area and is therefore avoided whenever possible. 
 
There are 19 species of mosquitoes in the coastal region (Table 2) that vary in their seasonality and 
the type of sources in which their larvae develop (Table 3). Mosquitoes are generally weak 
swimmers and cannot survive in waters with substantial flow or surface disturbance due to wind 
action.  Therefore, larval development is largely restricted to small bodies of still water.  The 
timing and location of pesticide applications follows seasonal changes in distribution of water 
sources.  Many times heavy populations of immature mosquitoes are found in still shallow water 
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containing dense emergent vegetation.  Species vary in their tolerance to salinity, degree of organic 
pollution and temperature extremes.   
 
Climate and Seasonality 
 
The San Francisco Bay Area has a mild, Mediterranean climate, with the preponderance of rain 
deposited during winter months (November through May).  The climate and seasonal patterns of 
rainfall in this area influence the distribution of mosquitoes and hence the timing and location of 
pesticide applications.  The mild climate of this area allows mosquitoes to develop throughout the 
year.  However, the mosquito species and type of source targeted varies seasonally. For example, 
creeks and waterways that have substantial flow during winter months are only treated in summer 
after the water has receded into scattered, isolated pools.  Similarly, mosquitoes are generally 
flushed out of storm drains during winter months.  These sources are typically treated only during 
the summer.  In contrast, seasonal wetland such as saltmarshes, require treatment from fall through 
spring.  In summer months the rainwater deposited in low areas disappears and mosquitoes are no 
longer able to survive.  Tables 2 and 3 include information on the seasonality of mosquito species 
and their development sites. 
 
 
PESTICIDES USED AND ASSESSMENT OF IMPACTS ON BENEFICIAL USE  
 
Pesticides used by MVCD fall into the 4 categories: bacterial larvicides, methoprene, surfactants 
(surface-acting agents) and herbicides.  Table 1 summarizes the amount of these products applied 
annually by each district in the region.  The accompanying document “Technical Review” provides 
a detailed review of available literature on nontarget effects. 
 
A.  Bacterial Larvicides 
 
Bacterial insecticides consist of the spores of certain species of bacteria containing naturally 
produced proteins, which are toxic to mosquito larvae when ingested in sufficient quantities.  
Although they are biologically-derived agents, products containing them are labeled and registered 
by the Environmental Protection Agency (EPA) as pesticides and are considered by some to be a 
form of chemical control. 
 
  1.  Bacillus thuringiensis var. israelensis (BTI) 
 
Advantages:  BTI is highly target-specific and has been found to have significant effects only on 
mosquito larvae, and closely related insects (e.g. blackflies and midges).  It is available in a variety 
of liquid, granular and pellet formulations, providing some flexibility in application methods and 
equipment.  BTI has no measurable toxicity to vertebrates and is classified by EPA as “Practically 
Non-Toxic” (Caution).   BTI formulations contain a combination of five different proteins within a 
larger crystal.  These proteins have varying modes of action and synergistically act to reduce the 
likelihood of resistance developing in larval mosquito populations. 
 
Barriers:  Bacterial insecticides must be fed upon by larvae in sufficient quantity to be effective.  
Therefore applications must be carefully timed to coincide with periods in the life cycle when 
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larvae are actively feeding.  Pupae and late 4th stage larvae do not feed and therefore will not be 
controlled by BTI.  Low water temperature inhibits larval feeding behavior, reducing the 
effectiveness of BTI during the cooler months.  The presence of high concentrations of organic 
material in treated water also reduces the effectiveness of BTI.  Cost per acre treated is generally 
higher than surfactants or organophosphate insecticides.   
 
Solutions to Barriers:  Increasing the frequency of surveillance for larvae can ensure that bacterial 
insecticides are applied during the appropriate stages of development to prevent adult mosquito 
emergence.   
 
Impact on water quality:  BTI contains naturally produced bacterial proteins that are generally 
regarded as environmentally safe.  Naturally occurring strains of this bacterium are ubiquitous in 
aquatic habitats.  BTI leaves no residues and is quickly biodegraded.  At the application rates used 
in mosquito control programs, this product is unlikely to have any measurable effect on water 
quality.   There are no established standards, tolerances or EPA approved tests for this material. 
 
Product names: Acrobe, Bactimos pellets, Teknar HP-D, Vectobac 12AS, Vectobac G, Vectobac 
TP. 
 
Formulations and dosages There are five basic BTI formulations available for use: liquids, 
powders, granules, pellets, and briquets.  Liquids, produced directly from a concentrated 
fermentation slurry, tend to have uniformly small (2-10 micron) particle sizes, which are suitable 
for ingestion by mosquito larvae.  Powders, in contrast to liquids, may not always have a uniformly 
small particle size.  Clumping, resulting in larger sizes and heavier weights, can cause particles to 
settle out of the feeding zone of some target mosquito larvae, preventing their ingestion as a food 
item.  Powders must be mixed with an inert carrier before application to the larval habitat, and it 
may be necessary to mix them thoroughly to achieve a uniformly small consistency.  BTI. granules, 
pellets, and briquets are formulated from BTI primary powders and an inert carrier.  BTI. labels 
contain the signal word “CAUTION”. 
 
BTI is applied by MVCD as a liquid or sometimes bonded to an inert substrate (i.e.: corn cob 
granules) to assist penetration of vegetation.  Application can be by hand, ATV, or aircraft. 
Persistence is low in the environment, usually lasting three to five days.  Kills are usually observed 
within 48 hours of toxin ingestion.  As a practical matter, apparent failures are usually followed 
with oil treatments. 
 
BTI LIQUIDS.  Currently, three commercial brands of BTI liquids are available: Aquabac XT, 
Teknar HP-D, and Vectobac 12AS.   Labels for all three products recommend using 4 to 16 liquid 
oz/acre in unpolluted, low organic water with low populations of early instar larvae (collectively 
referred to below as clean water situations).  The Aquabac XT and Vectobac 12 AS (but not Teknar 
HP-D) labels also recommend increasing the range from 16 to 32 liquid oz/acre when late 3rd or 
early 4th instar larvae predominate, larval populations are high, water is heavily polluted, and/or 
algae are abundant.  The recommendation to increase dosages in these instances (collectively 
referred to below as dirty water situations) also is seen in various combinations on the labels for all 
other BTI. formulations discussed below.   
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BTI liquid may also be combined with the Altosid Liquid Larvicide discussed earlier.  This mixture 
is known as Duplex.  Because BTI is a stomach toxin and lethal dosages are somewhat proportional 
to a mosquito larvae’s body size, earlier instars need to eat fewer toxic crystals to be adversely 
affected.  Combining BTI with methoprene (which is most effective when larvae are the oldest and 
largest or when you have various, asynchronous stages of one or more species) allows a district to 
use less of each product than they normally would if they would use one or the other.  Financially, 
most savings are realized for treatments of mosquitoes with long larval development periods, 
asynchronous broods or areas with multiple species of mosquitoes.   
 
BTI CORNCOB GRANULES.  There are currently two popular corncob granule sizes used in 
commercial formulations.  Aquabac 200G, Bactimos G, and Vectobac G are made with 5/8 grit 
crushed cob, while Aquabac 200 CG (Custom Granules) and Vectobac CG are made with 10/14 
grit cob.  Aquabac 200 CG is available by special request.  The 5/8 grit is much larger and contains 
fewer granules per pound.  The current labels of all B.t.i. granules recommend using 2.5 to 10 
lb./acre in clean water and 10 to 20 lb./acre in dirty water situations.   
 
  2.  Bacillus sphaericus (BS) 
 
Advantages:  BS is another bacterial pesticide with attributes similar to those of BTI.  The efficacy 
of this bacterium is not affected by the degree of organic pollution in larval development sites and 
it may actually cycle in habitats containing high mosquito densities reducing the need for repeated 
applications.   
 
Barriers:  Like BTI, BS must be consumed by mosquito immatures and is therefore not effective 
against nonfeeding stages such as late 4th instar larvae or pupae.  BS is also ineffective against 
certain species of mosquitoes such as those developing in saltmarshes, seasonal forest pools or 
treeholes.  Toxicity of BS to mosquitoes is due to a single toxin rather than a complex of several 
molecules as is the case with BTI.  Development of resistance has been reported in Brazil, Thailand 
and France where BTI was used as the sole control method for extended periods of time.   
 
Solutions to Barriers:  Information obtained from larval surveillance on the stage and species of 
mosquitoes present can increase the effectiveness of this material, restricting its use to sources 
containing susceptible mosquitoes. The development of resistance can be delayed by rotating BS 
with other mosquitocidal agents. 
 
Impact on water quality:  At the application rates used in mosquito control programs, BS is 
unlikely to have any measurable effect on water quality.   It is a naturally occurring bacterium and 
like BTI, occurs naturally in most aquatic environments.  There are no established standards, 
tolerances or EPA approved tests for BS.  
 
Product names:  Vectolex CG, Vectolex WDG 
 
Formulations and dosages VECTOLEX CG.  VectoLex-CG is the trade name for the granular 
formulation of B.  sphaericus (strain 2362).  The product has a potency of 50 BSITU/mg (Bacillus 

sphaericus International Units/mg) and is formulated on a 10/14 mesh ground corn cob carrier.  
The VectoLex-CG label carries the “CAUTION” hazard classification.  VectoLex-CG is intended 
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for use in mosquito breading sites that are polluted or highly organic in nature, such as dairy waste 
lagoons, sewage lagoons, septic ditches, tires, and storm sewer catch basins.  VectoLex-CG is 
designed to be applied by ground (by hand or truck-mounted blower) or aerially at rates of 5-10 
lb./acre.  Best results are obtained when applications are made to larvae in the 1st to 3rd instars.  Use 
of the highest rate is recommended for dense larval populations 
 
 B.  Methoprene 
 
Advantages:  Methoprene is a larvicide that mimics the natural growth regulator used by insects.  
Methoprene can be applied as liquid or solid formulation or combined with BTI or BS to form a 
“duplex” application.  Methoprene is a desirable IPM control strategy since affected larvae remain 
available as prey items for predators and the rest of the food chain. This material is breaks down 
quickly in sunlight and when applied as a liquid formulation is effective for only 24 hours.  
Methoprene can be impregnated into charcoal-based carriers such as pellets and briquettes for 
longer residual activity ranging from 30 to 150 days.  The availability of different formulations 
provides options for treatment under a wide range of environmental conditions.  Studies on 
nontarget organisms have found methoprene to be nontoxic to all vertebrates and most 
invertebrates when exposed at concentrations applied for control of mosquitoes.  
 
Barriers: Methoprene products must be applied to mosquitoes at the larval stage, since it is not 
effective against the other life stages. Monitoring for effectiveness is difficult since mortality is 
delayed.  Methoprene is more expensive than most other mosquitocidal agents.  Use is restricted in 
vernal pools and certain other aquatic habitats where red-legged frogs are unlikely to occur.   
 
Solutions to Barriers:  Surveillance and monitoring can provide information on the stage of 
mosquito immatures present, so that timing of applications can maximize efficacy of the 
treatments. 
 
Impact on Water Quality: Methoprene does not have a significant impact on water quality.   It is 
applied and has been shown to be effective against mosquitoes at levels far below those that can be 
detected by any currently available test approved by the EPA.  Studies on nontarget organisms have 
shown methoprene to be nontoxic to all vertebrates and most invertebrates when exposed at 
concentrations applied for control of mosquitoes. 
 
Product Names:  Altosid Liquid Larvicide, Altosid Single Brood Granule, Altosid Pellets, and 
Altosid Briquets, Altosid Extended Release Briquets XR . . 
 
Formulations and dosages.  s-Methoprene is a very short-lived material in nature, with a half-life 
of about two days in water, two days in plants, and ten days in soil (Wright 1976 in Glare & 
O’Callaghan 1999, La Clair et al 1998).  The manufacturer has developed a number of formulations 
to maintain an effective level of the active material in the mosquito habitat (0.5-3.0 parts per billion 
= ppb1; (Scientific Peer Review Panel 1996)) for a practical duration, thus minimizing the cost and 
potential impacts associated with high-frequency repeat applications.  Currently, five s-methoprene 

                                                           
1Note that this concentration is measured in parts per billion, and is equivalent to 0.0005 to 0.003 ppm (parts per 
million) when comparing application rates and toxicity studies. 
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formulations are sold under the trade name of Altosid.  These include Altosid Liquid Larvicide 
(A.L.L.) and Altosid Liquid Larvicide Concentrate, Altosid Briquets, Altosid XR Briquets, and 
Altosid Pellets.  Altosid labels contain the signal word “CAUTION”. 
 
ALTOSID LIQUID LARVICIDE (A.L.L.)  & A.L.L.  CONCENTRATE.  These two 
microencapsulated liquid formulations have identical components and only differ in their 
concentrations of active ingredients (AI).  A.L.L. contains 5% (wt./wt.) s-Methoprene while A.L.L. 
Concentrate contains 20% (wt./wt.) s-Methoprene.  The balance consists of inert ingredients that 
encapsulate the s-Methoprene, causing its slow release and retarding its ultraviolet light 
degradation.  Maximum labeled use rates are 4 ounces of A.L.L. and 1 ounce of A.L.L. Concentrate 
(both equivalent to 0.0125 lb. AI) per acre, mixed in water as a carrier and dispensed by spraying 
with conventional ground and aerial equipment.  In sites which average a foot deep, these 
application rates are equivalent to a maximum active ingredient concentrations of 4.8 ppb, although 
the actual concentration is substantially lower because the encapsulation does not allow 
instantaneous dissolution of all of the active ingredient into the water. 
 
Because the specific gravity of Altosid Liquid is about that of water, it tends to stay near the target 
surface.  Therefore, no adjustment to the application rate is necessary in varying water depths when 
treating species that breathe air at the surface.  Cold, cloudy weather and cool water slow the 
release and degradation of the active ingredient as well as the development of the mosquito larvae. 
 
ALTOSID  BRIQUETS.  Altosid Briquets consist of 4.125% s-methoprene (.000458 lb. 
AI/briquet), 4.125% (wt./wt.) r-methoprene (an inactive isomer), and plaster (calcium sulfate) and 
charcoal to retard ultra violet light degradation.  Altosid Briquets release methoprene for about 30 
days under normal weather conditions and, as noted earlier, this means that the concentration of AI 
in the environment at any time is much lower than the value calculated from the weight of material 
applied.  The recommended application rate is 1 Briquet per 100 sq.  ft.  in non-flowing or low-
flowing water up to 2 feet deep.    Small sites with any mosquito genera may be treated with this 
formulation.  Typical treatment sites include storm drains, catch basins, roadside ditches, 
ornamental ponds and fountains, cesspools and septic tanks, waste treatment and settlement ponds, 
transformer vaults, abandoned swimming pools, and construction and other man-made depressions.   
 
ALTOSID XR BRIQUETS.  This formulation consists of 2.1% (wt./wt.) s-methoprene (.00145 lb.  
AI/briquet) embedded in hard dental plaster (calcium sulfate) and charcoal.  Despite containing 
only 3 times the AI as the “30-day briquet”, the comparatively harder plaster and larger size of the 
XR Briquet change the erosion rate allowing sustained s-methoprene release for up to 150 days in 
normal weather.  The recommended application rate is 1 to 2 briquets per 200 sq. ft. in no-flow or 
low-flow water conditions, depending on the target species.  Many applications are similar to those 
with the smaller briquets, although the longer duration of material release can also make this 
formulation economical in small cattail swamps and marshes, water hyacinth beds, meadows, 
freshwater swamps and marshes, woodland pools, flood plains and dredge spoil sites. 
 
ALTOSID PELLETS.  Altosid Pellets contain 4.25% (wt./wt.) s-methoprene (0.04 lb. AI/lb.), 
dental plaster (calcium sulfate), and charcoal in a small, hard pellet.  Like the Briquets discussed 
above, Altosid Pellets are designed to slowly release s-methoprene as they erode.  Under normal 
weather conditions, control can be achieved for up to 30 days of constant submersion or much 
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longer in episodically flooded sites (Kramer 1993).  Label application rates range from 2.5 lbs. to 
10.0 lbs. per acre (0.1 to 0.4 lb. AI/acre), depending on the target species and/or habitat.  At 
maximum label application rates, as with the Briquets, the slow release of material means that the 
actual concentration of active ingredient in the water never exceeds a few parts per billion. 
 
The target species are the same as those listed for the briquet and liquid formulations.  Listed target 
sites include pastures, meadows, rice fields, freshwater swamps and marshes, salt and tidal 
marshes, woodland pools, flood plains, tires and other artificial water holding containers, dredge 
spoil sites, waste treatment ponds, ditches, and other man-made depressions, ornamental pond and 
fountains, flooded crypts, transformer vaults, abandoned swimming pools, construction and other 
man-made depressions, tree holes, storm drains, catch basins, and waste water treatment settling 
ponds. 
 
ALTOSID XR-G.  Altosid XR-G contains 1.5% (wt./wt.) s-methoprene.  Granules are designed to 
slowly release s-methoprene as they erode.  Under normal weather conditions, control can be 
achieved for up to 21 days.  Label application rates range from 5 lbs.  to 20.0 lbs.  per acre, 
depending on the target species and/or habitat.  The species are the same as listed for the briquet 
formulations.  Listed target sites include meadows, rice fields, freshwater swamps and marshes, salt 
and tidal marshes, woodland pools, tires and other artificial water holding containers, dredge spoil 
sites, waste treatment ponds, ditches, and other natural and man-made depressions.   
 
 
G.  Surfactants 
 
Surfactants are “surface-acting agents” that are either petroleum-based or isostearyl alcohol agent 
that form a thin layer on the water surface.  These materials typically kill surface-breathing insects 
by blocking the respiratory mechanism.   
 
Advantages:  These materials are the only materials efficacious for reducing mosquito pupae since 
other larviciding strategies (i.e., methoprene, BTI and BS) are ineffective to that life stage.  
Agnique forms a monomolecular film that is visually undetectable. Treatments are simplified due 
to the spreading action of the surfactant across the water surface and into inaccessible areas. These 
surfactants are considered “practically nontoxic” by the EPA.  Agnique is labeled “safe for use” in 
drinking water.   
 
Barriers to Use:  The drawback of using oils in habitats where natural enemies are established is 
that surface-breathing insects, particularly mosquito predators, are similarly affected.  GB1111 
forms a visible film on the water surface. 
 
Solutions to Barriers:  As a general rule, surfactant use is considered after alternate control 
strategies or in habitats that are not supporting a rich macro-invertebrate community.   
 
Product Names:  Golden Bear 1111, Agnique MMF 
 
Formulations and dosages 
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MOSQUITO LARVICIDE GB-1111 (GOLDEN BEAR 1111).  This product, generally referred to 
as Golden Bear 1111 or simply GB-1111, is a highly-refined petroleum based “napthenic oil” with 
very low phytotoxicity and no detectible residual products within days after application.  Volatility 
is very low (“non-volatile” according to the MSDS), and environmental breakdown presumably 
results primarily from natural microbial degradation into simple organic compounds.  The label for 
GB-1111 contains the signal word “CAUTION”.  GB-1111 contains 99% (wt./wt.) oil and 1% 
(wt./wt.) inert ingredients including an emulsifier.  The nominal dosage rate is 3 gallons per acre or 
less.  Under special circumstances, such as when treating areas with high organic content, up to 5 
gallons per acre may be used. 
 
GB-1111 provides effective control on a wide range of mosquito species.  Low dosages (1 gallon 
per acre) of oil work slowly, especially in cold water, and can take 4 to 7 days to give a complete 
kill.  Higher dosage rates are sometimes used (up to 5 gallons per acre) to lower the kill time.  It is 
typically applied by hand, ATV, or truck.  Aerial application is possible for large areas, but is not 
routine. 
 
AGNIQUE:  Agnique is the trade name for a recently reissued surface film larvicide, comprised of 
ethoxylated alcohol. According to the label, Agnique has very low vertebrate toxicity; an average 
persistence in the environment of 5-14 days at label application rates; and no toxic breakdown 
products, skin irritation, carcinogenicity, mutagenicity, or teratogenicity has been reported.  
Because of its similar mode of action and effectiveness against pupae, Agnique can be used as an 
alternative to Golden Bear 1111, especially in sites where the moderate temporary sheen associated 
with GB-1111 might be objectionable.  Because the application rate of Agnique is much lower than 
that of Golden Bear, this potential shift would not include an increase in volume of materials 
applied. 
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Overall assessment of existing or potential impacts of mosquito control pesticides on 
beneficial use  
All of the materials currently in routine use by MVCD can be considered “less toxic” or “least 
toxic” according to US EPA toxicity data (Fig. 1). 
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Fig. 1.  Relative toxicities of pesticides used by mosquito and vector control programs, based on rat 
LD50 data from product labels, in comparison with some common household chemicals.   
 
 
Relevance of water quality analyses for the demonstration of full restoration following project 
completion: 
 
Mosquito control “projects” are ongoing and do not have a specific duration or date of completion, 
since the goal is to prevent mosquito populations from exceeding specific injury levels rather than 
to eradicate them.   As in the above “Statement of BMP”, surveillance of larval sources is 
conducted on a continuous basis and treatments are applied as necessary to prevent significant 
nuisance or disease risks to the public.  The materials used routinely in mosquito control programs 
are applied at extremely low dosages relative to the volume of the habitat, are inherently less-toxic 
or least-toxic materials (Fig. 1) and are not known to have measurable impacts on water quality.  
However, existing water quality conditions may have significant impacts on the selection and 
efficacy of control methods applied (see BMP).   Alternative control methods such as physical 
control (manipulation of drainage, tidal flow etc.) may have significant effects on water quality 
(salinity, hardness etc) as they can change the hydrodynamics of the entire habitat.  The goal of 
these activities is to enhance water circulation, which directly reduces mosquito production while 
improving habitat values for natural predators of mosquito larvae.   Large-scale physical control 
projects require individual permits from the U.S. Army Corps of Engineers and the San Francisco 
Bay Conservation and Development Commission (BCDC), which review potential impacts prior to 
approval.  Documentation of our existing BMP may be considered a “demonstration of full 
restoration” since it prevents impacts to water quality and makes restoration unnecessary. 
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b. Relevance of parameters suggested by the water board 
 
The less-toxic control methods and materials used by our programs are designed not to produce 
measurable impacts on the water quality parameters generally monitored under NPDES permits.  
Therefore, monitoring of these parameters would represent an added cost while not providing 
significant benefits to the public or the environment.   Parameters normally monitored under 
NPDES include the following: 
 
i. Dissolved oxygen: Materials used in mosquito control are applied at volumes of several ounces 
(methoprene) to less than 10 gallons (surfactants) per acre of active ingredient.  At these dosage 
rates it is extremely unlikely there would be any measurable effects on dissolved oxygen.   
 
ii. Temperature:    Materials used in mosquito control  are generally applied at or near  ambient 
environmental temperature.  At the dosage rates used in mosquito control it is extremely unlikely 
there would be any measurable effects on water temperature. 
 
iii. pH:  Materials used in mosquito larval control are not strongly acidic or basic as this could 
damage application equipment.  At the application rates used in mosquito control they are 
extremely unlikely to have a measurable effect on pH.   
 
iv: Turbidity:  Turbidity, particularly due to suspended organic material, may influence the 
selection or efficacy of materials used in mosquito control.  At the application rates used in our 
programs, these materials are extremely unlikely to have a measurable effect on turbidity.   
 
v: Hardness:  Materials used in mosquito control do not have a high mineral.  At the dosage rates 
used in mosquito control it is extremely unlikely there would be any measurable effects on water 
hardness.  
 
vi: Electrical conductivity: Materials used in mosquito control do not have high concentrations of 
chlorides or other ions.  At the dosage rates used in mosquito control it is extremely unlikely there 
would be any measurable effects on conductivity. 
 
vii:  Pesticide residues:  In general, materials used by MVCD are non-persistent, do not 
bioaccumulate,  and are designed to biodegrade or break down after achieving the desired control 
of larval populations.  Exceptions are slow-release formulations of methoprene, which are 
specifically designed for extended release of small amounts of active ingredient, and biological 
agents such as Bacillus sphaericus, Lagenidium giganteum, and mosquitofish, which may 
reproduce and recycle naturally under favorable conditions. In this case the “residue” actually has a 
beneficial effect by prolonging the period of larval control and reducing the need for repeated 
applications or use of more toxic materials.  There are currently no EPA approved laboratories or 
protocols for detecting residues of larvicides used routinely by MVCD.  Monitoring of mosquito 
larval populations, as already practiced routinely under our BMP, is the most sensitive method  
available for determining whether residual larvicide activity is present.   
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EVALUATION OF LESS-TOXIC CONTROL METHODS 
 
Pesticide use by MVCD is only one aspect of an Integrated Pest Management (IPM) strategy.  This 
strategy includes the use of physical and biological control techniques whenever possible and is 
based on a program of continuous monitoring of both adult and immature mosquito populations  A 
complete description of the MVCD IPM strategy is given in the accompanying document 
“Statement of Best Management Practices”.  Nonchemical control methods, barriers to their use, 
and solutions to those barriers are listed below: 
 
Physical control  (see discussion in BMP document). 
Cost:  high, requires specialized equipment and expertise, may be labor intensive. 
Barriers: high cost; lack of equipment in some districts; problems with disturbing habitats of 
endangered species; wetlands are sensitive habitats and highly regulated; requires extensive permit 
process . 
Solutions to barriers:  encourage landowners to do this work; some districts have personnel with 
expertise in wetlands restoration; work with restoration agencies. 
Relative usefulness of this technique:  used whenever possible;  first choice because it is a 
permanent solution. If physical control is not feasible, or while working toward a physical control 
solution we will use biological or chemical control techniques. 
 
Water management 
Cost:  cost of equipment and engineering can be very high initially;  may be labor intensive;  
requiring someone on hand at all times to monitor water levels and operate gates. 
Barriers: most land we treat is not under our control and it is difficult to force landowners to 
cooperate;  most districts don’t have adequate staff or budget to install and operate floodgates; 
conflict with other uses of wetlands such as waterfowl conservation, recreation (hunting). 
Solutions to barriers:  work with land owners as much as possible to encourage good water 
management;  treat only when necessary. 
Relative usefulness of this technique:  used whenever possible;  first choice because it is a 
permanent solution. When water management fails we use biological or chemical control 
 
Biological control  
Mosquito fish 
Cost:  low 
Barriers: release of non native fish into natural sources is controversial;  may compete with native 
fish; requires facilities and personnel to rear and maintain fish. 
Solutions to barriers:  use only in manmade sources;  get fish from other districts and only keep a 
small supply on hand. 
Relative usefulness of Mosquito fish:  fish are considered when physical control is out of the 
question.  Can be very useful but only under a very restricted set of conditions.  If a source is 
suitable for fish and fish will not impact native species we will use this strategy; some districts treat 
only manmade sources or those lacking native fish 
 
Bacterial pesticides:  The primary pesticides used by MVCD may be considered a form of 
biological control 
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Bacillus sphaericus and B. thuringiensis var. israelensis 
Cost: these materials are more expensive than organophosphate pesticides but cheaper than 
physical control. 
Barriers: requires more careful monitoring of mosquito populations and more thorough knowledge 
of their ecology.  Not effective against some species or some stages or in some types of sources.  
Very short duration of control;  requires frequent retreating.  Reliance on a single product may 
result in development of resistance. 
Solutions to barriers: monitoring program for mosquitoes; training for district staff; rotate 
products.  
Relative usefulness of this technique:  these agents are considered when physical control is out of 
the question  and fish cannot be stocked or maintained.  Sometimes used in conjunction with 
stocking fish since these materials have been shown not to adversely affect fish. In this case, fish 
may be a long term solution but chemical are needed to initially bring down mosquito populations. 
Also need to consider possibility of development of resistance, therefore the need to rotate products 
used. 
 
Chemical Control using methoprene and surface oils instead of organophosphates 
Cost: these materials are more expensive than OPs but cheaper in the short term than physical 
control 
Barriers: requires more careful monitoring of population and more thorough knowledge of 
ecology, resistance 
Solutions to barriers: monitoring program for mosquitoes, training for techs, biologists on staff, 
rotate materials, investigate new materials 
Relative usefulness of this technique:  Like biological pesticides these materials are considered 
when physical control is out of the question  and fish cannot be stocked or maintained.  Sometimes 
used in conjunction with stocking fish since these materials have been shown not to adversely 
affect fish..  Decisions on whether to use these materials or bacterial pesticides are based on: stage 
and species of mosquitoes present, quality of water, access  Also need to consider possibility of 
development of resistance, therefore the need to rotate products used. 
 
EVALUATION OF THE EFFECTIVENESS OF BMP’S TO REDUCE DISCHARGES AND 
MINIMIZE AREA AND DURATION OF IMPACTS 
 
Our Best Management Practices insure that all available less-toxic or least-toxic control methods 
are considered and that new methods are evaluated on an ongoing basis and, if effective, 
incorporated into our larval control programs.  Implementation of BMP resulted in the complete 
elimination of the routine use of conventional chemical insecticides (organophosphates and 
carbamates) between 1982 and 1993 and a concomitant increase in use of less toxic methods 
including bacterial insecticides and insect growth regulators (Fig. 2, a and b).   
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Fig. 2 a.  Reduction in use of chemical larvicides by Coastal Region Districts, 1982-1993. b.  
Increase in use of bacterial insecticides and insect growth regulators. 
 
PROPOSED MONITORING PLAN 
 
We propose a monitoring plan consisting primarily of record-keeping and reporting elements.  
Records shall be kept by each district of all pesticide applications made to waters of the U.S. by its 
staff and/or contractors.  These records shall include the site, material, concentration, quantity 
applied, habitat type, approximate water surface area, and the date and time for each application.  In 
addition, each district shall report annually to the SFRWQCB on its aquatic pesticide applications, 
summarizing the recorded data to indicate the quantity of each pesticide active ingredient applied to 
each habitat type within the zone of each district that drains to each major final receiving body.  If 
organo-phosphate or other non-standard larvicides, or herbicides with active ingredients other than 
glyphosate, are required, the SFRWQCB will be promptly notified so that an appropriate 
supplemental monitoring plan can be developed. 
 
We will also conduct an annual review of our BMP to reflect any new practices and ensure that 
less-toxic methods and materials continue to be evaluated and incorporated as they become 
available.  Any changes or revisions to our BMP will also be reported annually. 
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U.S. Department of Interior Pesticide Use Proposal

"tab" moves between fields
PUP #: R1- CY Org Code Number

R1- 2005
Refuge, Complex, Hatchery or Other Site Name:

County and State: 
County State

Contact Person and Phone: 
Person Phone Fax

Email

Crop/Habitat of Treatment Site: 

Location of Proposed Application (mgt. Unit or other unique ID), with map if available

Site Management Goal(s):

Need(s) for Treatment:
Invasive species

State or Federally listed 
noxious species

Crop pest
Native habitat restoration

Habitat improvement
listed species 

protection/recovery
public health protection

wildlife health protection
other

Specify other

Target Pest(s) -- list all:
Common Name & 
Binomial Nomenclature

Is there a monitoring plan for the target pest(s)?
yes
no

Proposed Action Threshold(s) Triggering Treatment:

Year of last approved IPM plan (attach if available):

Is this pesticide use part of your IPM plan?
yes
no

U.S. Department of Interior Pesticide Use Proposal
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U.S. Department of Interior Pesticide Use Proposal

Will non-chemical control methods be attempted?
yes
no

If "no", explain rationale for pesticide use if different than previous descriptions:

Trade Name(s):

EPA Reg. Number(s):

Common or Chemical Name(s): 

Manufacturer(s):

Please attach or provide URL for label(s) and MSDS(s):

Are the Pest(s) in this PUP Listed on the Label?
Yes
No

Is the Crop, Type of Vegetation, or Site Type Listed on the Label?
Yes
No

Yes
No

N/A

Is use of the proposed pesticide part of any trial to compare different methods of treatment?
Yes
No

Is This labeled  as a Restricted Use Pesticide (RUP)?
Yes
No

If a Restricted Use Pesticide:
Certified Pesticide Applicator ID#:

Company:
Expiration date:

If a General Use Pesticide:
Lead Pesticide Applicator Name:

Company:

Is this a tank mix?
Yes
No

If the crop, type of vegetation, or site type is not listed, is there a current Section 24(c) or Section 
18 exemption under which you are proposing to operate?
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U.S. Department of Interior Pesticide Use Proposal

Formulation:
aqueous flowable

aqueous suspension
dust

dry flowable
Emulsifiable Concentrate

check one flowable
microencapsulated

granule
solution

Wettable Powder
Other

Specify other

Trade Names of Adjuvants (Drift Control Agents, Stickers, Surfactants, Oils):

Application Date(s):

Number of Applications:

Not to Exceed Limits on Label (lbs a.i./acre/season):

Product Application Rate(s) Per Acre Proposed: ------>
pounds
ounces
fluid ounces

check one pints
quarts
gallons
other

Specify other

Maximum Active Ingredient Rate Allowed on Label, if specified (lb ai/acre):

Application Method (check):
Broadcast

Directed-spray
Backpack spray

Cut-stump
Frill

Basal spray
Injection

Wick/wipe
Ultra low volume (ULV)

Chemigation
other

Specify other

Toxic Inert Ingredients Listed on 
MSDS: 
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U.S. Department of Interior Pesticide Use Proposal

Application by (check as many as needed):
Hand-Held
Backpack

Fogger
Wet-blade mower

Boom
ATV

Truck
Boat

Fixed-wing
Helo
other

Specify other

Estimated Maximum Size of Treatment Area(s) (to nearest acre):

If spot treatment, Estimated Average Percent Cover To Be Treated (if not 100%):

inches
Soil Texture(s):

clay
silty clay

sandy clay
clay loam

silty clay loam
sandy clay loam

silt
silt loam

loam
sandy loam
loamy sand

sand
gravel
other

Specify other

Organic Matter in Soil (if known);  range if more than one site: %

Slope of Treatment Site:
flat
<3o

<10o

>10o

Soil pH, if known:
If unknown

pH < 7
pH ~ 7

pH > 7.5

Top Soil (to 3-ft Depth) during/ following treatment:
Dry

Moist
Saturated

Not predictable

Average Monthly Rainfall at Site During Proposed Application Period(s) (use range if multiple 
months):
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U.S. Department of Interior Pesticide Use Proposal

Shallowest Depth to Groundwater (check):
<1 ft
<5 ft

< 10 ft
< 100 ft
> 100 ft

Unknown

Distance to closest drinking water source (well or surface water intake):
<0.25 mile

<0.5 mile
< 1 mile

< 2 miles
> 2 miles
unknown

Closest Water to Treatment Site(s):           
N/A Pond

Ditch Spring
Drain Lake
Canal Estuary

Creek/stream/branch/run Ocean
River Hatchery

Wetland other
Specify other

Nearest Distance of Treatment Site to Waterbody (check):
< 25 ft
< 50 ft

< 100 ft
< 150 ft
< 300 ft
< 400 ft
> 400 ft

unknown

Sensitive plant species
 native lepidopterans

native pollinating insects
honeybees

mussels
crustaceans

fish
amphibians

reptiles
passerines
shorebirds

piscivorous birds
waterfowl
mammals

other
specify other

Organisms which may occur at/near treatment site during or immediately after treatment 
(check):
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U.S. Department of Interior Pesticide Use Proposal

If no written plan is available, describe other IPM methods used for the pests listed in 
this PUP: Describe sanitation, crop rotations, changes to resistant crop varieties, 
changes in timing, elimination of alternate host species, fallowing, cover crops, tillage, 
open-water marsh management, moisture/water manipulations, burning, 
mechanical/manual removal, biocontrols, pheromones and any other IPM methods to 
reduce or eliminate the pests and/or to reduce pesticide risks.

Best Management Practices (BMPs) Proposed to Reduce Pesticide Risks: If not 
discussed in your written plan, list planned buffers from water or sensitive habitats, 
wind speed restrictions, and other BMPs:
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U.S. Department of Interior Pesticide Use Proposal

yes
no

N/A, no federally listed, 
proposed, and/or 

candidate species and/or 
critical habitats are near or 

adjacent to the treatment 
site

State-Listed Species Present:                           

 Is the appropriate Section 7 documentation completed and attached?

     Federally Listed, Proposed, and Candidate Species and Designated Critical Habitat (Listed Resources): If 
your proposed application is located near or adjacent to any listed resources you must complete and submit the
appropriate Section 7 compliance documentation as part of this PUP. 

     For species listed by the U.S. Fish and Wildlife Service, you may complete the attached Intra-Service 
Section 7 form in consultation with and with assistance from the appropriate Endangered Species staff.  For 
species listed by the National Marine Fisheries Service (NOAA Fisheries), you must contact the appropriate 
office and complete Section 7 consultation with them.

     If a determination of no effect is made, then Section 7 consultation is complete. The obligations under 
Section 7 must be reconsidered if: (1) new information reveals impacts of this identified action that may affect 
listed species or critical habitat in a manner not previously considered, (2) this action is subsequently modified 
in a manner that was not considered in this review, or (3) a new species is listed or critical habitat is 
determined that may be affected by the identified action.

Endangered Species Compliance
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U.S. Department of Interior Pesticide Use Proposal

R1- 2005 0 0

Reviewed By: Name Signature Date

Manager

Regional IPM Coordinator/Designee:

Other Reviewer if Applicable

PUP Approval/Disapproval
PUP Approved As Is
PUP Approved with required modifications
PUP Disapproved
PUP Reviewed by Region, Forwarded to WO for review

Natl. Pest Management Coordinator
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Objectives 
 
The California Mosquito-borne Virus Surveillance and Response Plan was developed to meet 
several objectives.  Specifically, the Plan: 

 Provides guidelines and information on the surveillance and control of mosquito-borne 
viruses in California, including West Nile, St. Louis encephalitis, and western equine 
encephalomyelitis viruses; 

 Incorporates surveillance data into risk assessment models; 
 Prompts surveillance and control activities associated with virus transmission risk level; 
 Provides local and state agencies with a decision support system; and 
 Outlines the roles and responsibilities of local and state agencies involved with mosquito-

borne virus surveillance and response. 
 
This document provides statewide guidelines, but can be modified to meet local or regional 
conditions. 
 
Introduction 
 
California has a comprehensive mosquito-borne disease surveillance program that has monitored 
mosquito abundance and mosquito-borne virus activity since 1969 (Reeves et al. 1990) and is an 
integral part of integrated mosquito management programs conducted by local mosquito and 
vector control agencies.  Surveillance and interagency response guidelines have been published 
previously by the California Department of Public Health formerly known as the California 
Department of Health Services (Walsh 1987) and the Mosquito and Vector Control Association 
of California (Reisen 1995).  The detection of West Nile virus (WNV) in New York, a virus not 
recognized in the Western Hemisphere prior to 1999, prompted the review and enhancement of 
existing guidelines to ensure that surveillance, prevention, and control activities were appropriate 
for WNV.  From New York, WNV spread rapidly westward and by 2004 had been detected in all 
48 states in the continental United States.  In addition to WNV, California is vulnerable to 
introduction of other highly virulent mosquito-borne viruses of public and veterinary health 
concern, such as Japanese encephalitis, dengue, yellow fever, Rift Valley fever, chikungunya and 
Venezuelan encephalitis viruses.  If an existing or introduced virus is detected, it is critical that 
local and state agencies are prepared to respond in a concerted effort to protect people and 
animals from infection and disease.  The current document describes an enhanced surveillance 
and response program for mosquito-borne viruses in the State of California.  Its contents 
represent the collective effort of the California Department of Public Health (CDPH), the 
Mosquito and Vector Control Association of California (MVCAC), and the University of 
California at Davis (UCD). 
 
Background 
 
Mosquito-borne viruses belong to a group of viruses commonly referred to as arboviruses (for 
arthropod-borne).  Although 12 mosquito-borne viruses are known to occur in California, only 
WNV, western equine encephalomyelitis virus (WEE) and St. Louis encephalitis virus (SLE) are 
significant causes of human disease.  WNV is having a serious impact upon the health of 
humans, horses, and wild birds throughout the state.  Since 2004, there have been 2,985 WNV 
human cases with 101 deaths and 1,152 horse cases. Consequently, the California Arbovirus 
Surveillance Program emphasizes forecasting and monitoring the temporal and spatial activity of 
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WNV, WEE, and SLE.  These viruses are maintained in wild bird-mosquito cycles that do not 
depend upon infections of humans or domestic animals to persist. Surveillance and control 
activities focus on this maintenance cycle, which involves primarily Culex mosquitoes, such as 
the western encephalitis mosquito, Culex tarsalis, and birds such as house finches and house 
sparrows.   
 
Immature stages (called larvae and pupae) of Culex tarsalis can be found throughout California 
in a wide variety of aquatic sources, ranging from clean to highly polluted waters.  Most such 
water is associated with irrigation of agricultural crops or urban wastewater.  Other mosquito 
species, such as Culex pipiens, Culex quinquefasciatus, and Culex stigmatosoma, play an 
important role in WNV, and possibly SLE, transmission cycles in urban and suburban areas.  
Historically, Aedes melanimon, a floodwater mosquito, played a role in a secondary transmission 
cycle of WEE involving rabbits.  Additional mosquitoes such as Aedes vexans and Culex 
erythrothorax also could be important bridge (i.e. bird to mammal) vectors in transmission. 
 
Mosquito control is the only practical method of protecting the human population from infection.  
There are no known specific treatments or cures for diseases caused by these viruses and vaccines 
are not available for public use.  Infection by WEE virus tends to be most serious in very young 
children, whereas infections caused by WN and SLE viruses affect the elderly most seriously.  
WNV also kills a wide variety of native and non-native birds.  There are WEE and WNV vaccines 
available to protect horses since both viruses can cause severe disease in horses.  Mosquito-borne 
disease prevention strategies must be based on a well-planned integrated pest management (IPM) 
program that uses real-time surveillance to detect problem areas, focus control, and evaluate 
operational efficacy.  The primary components of an IPM program include education, surveillance, 
and mosquito control.  
 
Education 
 
Residents, farmers, and duck club owners can play an important role in reducing the number of 
adult mosquitoes by eliminating standing water that may support the development of immature 
mosquitoes.  For instance, residents can help by properly disposing of discarded tires, cans, or 
buckets; emptying plastic or unused swimming pools; and unclogging blocked rain gutters 
around homes or businesses.  Farmers and ranchers can be instructed to use irrigation practices 
that do not allow water to stand for extended periods, and duck club owners can work with 
mosquito control agencies to determine optimal flooding schedules.  Educating the general 
public to curtail outdoor activities during peak mosquito biting times, use insect repellents, and 
wear long-sleeved clothing will help reduce exposure to mosquitoes.  Clinical surveillance is 
enhanced through education of the medical and veterinary communities to recognize the 
symptoms of WEE, SLE, and WNV and to request appropriate laboratory tests.  Public health 
officials need to be alerted if a mosquito-borne viral disease is detected, especially if the public 
health risk is high. 
 
Surveillance 
 
Surveillance includes the monitoring, visualization, and analysis of data on climatic factors, 
immature and adult mosquito abundance, and virus activity measured by testing mosquitoes, 
sentinel chickens, wild birds (including dead birds for WNV), horses, and humans for evidence 
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of infection.  Surveillance must focus not only on mosquito-borne viruses known to exist in 
California, but be sufficiently broad to also detect newly introduced viruses. 
 
Climate Variation 
 
The California Mediterranean climate provides ideal opportunities for forecasting mosquito 
abundance and arbovirus activity, because most precipitation falls during winter, as rain at lower 
elevations or as snow at higher elevations.  Spring and summer temperatures then determine the 
rate of snow pack melt and runoff, mosquito population growth, the frequency of blood feeding, 
the rate of virus development in the mosquito, and therefore the frequency of virus transmission.  
In general, WEE virus outbreaks have occurred in the Central Valley when wet winters are 
followed by warm summers, whereas SLE and WN virus outbreaks seemed linked to warm dry 
conditions that lead to large populations of urban Culex.   Although climate variation may 
forecast conditions conducive for virus amplification, a critical sequence of events is required for 
amplification to reach outbreak levels.     
 
Mosquito Abundance 
 
Mosquito abundance can be estimated through collection of immature or adult mosquitoes. The 
immature stages (larvae and pupae) can be collected from water sources where mosquitoes lay 
their eggs. A long-handled ladle (“dipper”) is used to collect water samples and the number of 
immature mosquitoes per "dip" estimated.  In most local mosquito control agencies, technicians 
search for new sources and inspect known habitats for mosquitoes on a 7 to 14-day cycle.  These 
data are used to direct control operations.  Maintaining careful records of immature mosquito 
occurrence, developmental stages treated, source size, and control effectiveness can provide an 
early warning to forecast the size of the adult population. 
 
Adult mosquito abundance is a key factor contributing to the risk of virus transmission. 
Monitoring the abundance of adult mosquito populations provides important information on the 
size of the vector population as it responds to changing climatic factors and to larval control 
efforts.  Four adult mosquito sampling methods are currently used in California:  New Jersey 
light traps, carbon dioxide-baited traps, gravid (egg-laying) traps, and resting adult mosquito 
collections. The advantages and disadvantages of these sampling methods, and guidelines for the 
design, operation, and processing of the traps have been discussed in Guidelines for Integrated 
Mosquito Surveillance (Meyer et al. 2003) and are summarized in Appendix A.   
 
Mosquito Infections 
 
Virus activity can be monitored by testing adult mosquitoes for virus infection.  Because Culex 
tarsalis is the primary rural vector of WNV, SLE, and WEE, and Culex quinquefasciatus and 
Culex pipiens are important urban vectors of WNV and SLE, surveillance efforts emphasize the 
testing of these species.  Another species that should be tested is Culex stigmatosoma, which is a 
highly competent but less widely distributed vector of WNV and SLE that feeds on birds and is 
probably important in enzootic transmission where it is found in high abundance.  Female 
mosquitoes are trapped, usually using carbon dioxide-baited or gravid traps, identified to species, 
and counted into groups (pools) of 50 females each for testing at the Center for Vectorborne 
Diseases (CVEC) at UC Davis.  Procedures for submitting and processing mosquitoes for 
detecting virus infection are detailed in Appendix B.  The current surveillance system is designed 
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to detect and measure levels of infection with WNV, SLE, and WEE.  Although generally less 
sensitive than sentinel chickens, mosquito infections may be detected earlier in the season than 
chicken seroconversions and therefore provide an early warning of virus activity.  Testing adult 
mosquitoes for infection is one of the best methods to detect newly introduced or emerging 
mosquito-borne viruses.  Testing mosquito species other than Culex may be necessary to detect 
the introduction of viruses that do not have a primary avian-Culex transmission cycle.   
 
Avian Infections 
 
Detection of arboviral transmission within bird populations can be accomplished by 1) using 
caged chickens as sentinels and bleeding them routinely to detect viral antibodies 
(seroconversions), 2) collecting and bleeding wild birds to detect viral antibodies 
(seroprevalence), and 3) testing dead birds reported by the public for WNV.   
 
In California, flocks of ten chickens are placed in locations where mosquito abundance is known 
to be high or where there is a history of virus activity.  Each chicken is bled every two weeks by 
pricking the comb and collecting blood on a filter paper strip.  The blood is tested at the CDPH 
Vector-Borne Disease Section for antibodies to SLE, WEE, and WNV.  Some agencies conduct 
their own testing, but send positive samples to CDPH for confirmation and official reporting.  
Because SLE cross-reacts with WNV in antibody testing, SLE or WNV positive chickens are 
confirmed and the infecting virus is identified by western blot or cross-neutralization tests.  
Frequent testing of strategically placed flocks of sentinel chickens provides the most sensitive 
and cost-effective method to monitor encephalitis virus transmission in an area.  Because 
chickens are continuously available to host-seeking mosquitoes, they are usually exposed to 
more mosquitoes than can be collected by trapping, especially when adult mosquito abundance 
or viral infection rates are low.  Sentinel housing, bleeding instructions, and testing protocols are 
provided in Appendix C. 
 
Virus activity in wild bird populations can be monitored by bleeding young (hatching year) birds 
to detect initial virus infection or by bleeding a cross-section of birds in an area and comparing 
seroprevalence among age strata to determine if the prevalence of the virus in the region has 
changed.  Elevated seroprevalence levels (“herd immunity”) among key species during spring 
may limit virus transmission and dampen amplification.  New infections also can be detected by 
bleeding banded birds in a capture-recapture scheme.  In contrast to the convenience of using 
sentinel chickens, the repeated collection and bleeding of wild birds generally is too labor 
intensive, technically difficult, and expensive for most local mosquito control agencies to 
perform routinely. In addition, the actual place where a wild bird became infected is rarely 
known, because birds may travel over relatively long distances and usually are collected during 
daylight foraging flights and not at nighttime roosting sites where they are bitten by mosquitoes.  
 
Unlike WEE and SLE, WNV frequently causes death in North American birds, especially those 
in the family Corvidae (e.g. crows, ravens, magpies, jays).  Dead bird surveillance was initiated 
by CDPH in 2000 to provide early detection of WNV.  Dead bird surveillance has been shown to 
be one of the earliest indicators of WNV activity in a new area.  Birds that meet certain criteria 
are necropsied at the California Animal Health and Food Safety Laboratory and kidney snips 
tested for WNV RNA by RT-PCR at CVEC or oral swabs of American crows tested by rapid 
antigen tests by local agencies.  Dead birds are reported to CDPH’s dead bird hotline (1-877-
WNV-BIRD) or via the website, http://westnile.ca.gov.  Beginning in 2010, results from RT-
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PCR testing at CVEC distinguished between WNV recent and chronic positive birds based on 
cycle threshold (Ct) values.  In general, birds tested by RT-PCR with a Ct value of <30 and those 
positive by antigen tests are considered to be recently infected, whereas those with Ct values >30 
are considered to have been chronically infected and the time since infection unknown.  Chronic 
positive birds did not likely die from WNV infection and are of limited value for surveillance.  
The communication and testing algorithm for the dead bird surveillance program is detailed in 
Appendix D. 
 
Tree Squirrel Infections 
 
In 2004, tree squirrels were included as a WNV surveillance tool, based upon evidence that they 
were susceptible to WNV and could provide information on localized WNV transmission 
(Padgett et al. 2007).  In conjunction with dead birds, tree squirrels were reported to the 
California WNV hotline, necropsied at the California Animal Health and Food Safety Laboratory 
and kidney tissue was tested by RT-PCR at CVEC.  Tree squirrels will continue to be tested for 
WNV in 2011 and are included in the submission protocol in Appendix D. 
 
Equine Infections 
 
Currently, equine disease due to WEE and WNV is no longer a sensitive indicator of epizootic 
activity (unusually high incidence of infections in animals other than humans) in California 
because of the widespread vaccination or natural immunization of equids (horses, donkeys, and 
mules).  If confirmed cases do occur, it is a strong indication that WEE or WNV has amplified to 
levels where tangential transmission has occurred in that region of the State and human cases are 
imminent.  Veterinarians are contacted annually by CDPH and the California Department of 
Food and Agriculture (CDFA) to advocate equine vaccination and to describe diagnostic services 
that are available in the event of a suspected case of WEE or WNV encephalitis.  Other 
mosquito-borne viruses may also cause encephalitis in horses and testing of equine specimens 
for these other viruses is available (see Appendix E). 
 
Human Infections 
 
Local mosquito control agencies rely on the rapid detection and reporting of confirmed human 
cases to plan and implement emergency control activities to prevent additional infections.  
However, human cases of arboviral infection are an insensitive surveillance indicator of virus 
activity because most persons who become infected develop no symptoms.  For those individuals 
who do become ill, it may take up to two weeks for symptoms to appear, followed by additional 
time until the case is recognized and reported.  No human cases of SLE or WEE have been 
reported in California in recent years.  However, a total of 2,988 cases of WNV have been 
reported in California from 2003-2010.   
 
To enhance human WNV testing and surveillance efforts throughout the state, a regional public 
health laboratory network was established in 2002.  The laboratory network consists of the state 
Viral and Rickettsial Disease Laboratory (VRDL) as well as 26 county public health laboratories 
that are able to conduct WNV testing.  Providers are encouraged to submit specimens for suspect 
WNV cases to their local public health laboratories.  Specimens for patients with encephalitis 
may also be submitted directly to the California Encephalitis Project, which is based in the 
VRDL and offers diagnostic testing for many agents known to cause encephalitis, including 
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WNV and other arboviruses.  In addition, VRDL collaborates with reference laboratories such as 
the regional laboratories of Kaiser Permanente to ascertain additional suspect WNV cases. 
 
In accordance with Title 17 of the California Code of Regulations (Sections 2500 and 2505), 
physicians and laboratories are required to report cases of WNV infection or positive test results 
to their local health department.  Positive WNV or other arbovirus test results are investigated by 
local health department officials to determine whether a patient meets the clinical and laboratory 
criteria for a WNV diagnosis.  If so, the local health department collects demographic and 
clinical information on the patient using a standardized West Nile virus infection case report, and 
forwards the report to the state health department.  The local health department also determines 
whether the infection was acquired locally, imported from a region outside the patient’s 
residence, or acquired by a non-mosquito route of transmission such as blood transfusion or 
organ transplantation.  Appendix F contains the protocol for submission of specimens to the 
regional public health laboratory network for WNV testing.  Appendix G provides the national 
surveillance case definition for arboviral disease, including WNV infection. 
 
Mosquito Control 
 
Problems detected by surveillance are mitigated through larval and adult mosquito control.  
Mosquito control is the only practical method of protecting people from mosquito-borne 
diseases. Mosquito control in California is conducted by approximately 80 local agencies, 
including mosquito and vector control districts, county environmental and health departments, 
and county agriculture departments.  Compounds currently approved for larval and adult 
mosquito control in California are listed in Appendix H.  Considerations regarding adult 
mosquito control in urban areas are described in Appendix I. 
 
Larval Control 
 
Mosquito larval and pupal control methods are target-specific and prevent the emergence of 
adult female mosquitoes which are capable of transmitting pathogens, causing discomfort, and 
ultimately producing another generation of mosquitoes.  For these reasons, most mosquito 
control agencies in California target the immature stages rather than the adult stage of the 
mosquito.  Larval mosquito control has three key components: environmental management, 
biological control, and chemical control. 
 
Environmental management decreases habitat availability or suitability for immature mosquitoes, 
and may include water management, such as increasing the water disposal rate through 
evaporation, percolation, recirculation, or drainage.  Laser-leveling of fields minimizes pooling 
at low spots, allows even distribution of irrigation water, and precludes standing water for long 
periods.  Controlled irrigation or the careful timing of wetland flooding for waterfowl can reduce 
mosquito production or limit emergence to times of the year when virus activity is unlikely. 
Environmental management may include vegetation management because emergent vegetation 
provides food and refuge for mosquito larvae.  Management strategies include the periodic 
removal or thinning of vegetation, restricting growth of vegetation, and controlling algae.   
 
Biological control uses natural predators, parasites, or pathogens to reduce immature mosquito 
numbers.  Mosquitofish, Gambusia affinis, are the most widely used biological control agent in 
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California.  These fish are released annually in a variety of habitats, such as rice fields, small 
ponds, and canals.  
 
There are several mosquito control products that are highly specific and thus have minimal 
impact on non-target organisms.  These include microbial control agents, such as Bacillus 
thuringiensis israelensis (Bti) and Bacillus sphaericus, and insect growth regulators, such as 
methoprene, that prevent immature mosquitoes from developing into adults.  Surface films are 
very effective against both larvae and pupae, but also may suffocate other surface breathing 
aquatic insects.  Organophosphate pesticides are used infrequently because of their impact on 
nontarget organisms and the environment.  
 
Adult Control 
 
When larval control is not possible or more immediate control measures are needed, adult 
mosquito control may be required to suppress populations of infected mosquitoes and interrupt 
epidemic virus transmission. Adult mosquito control products may be applied using ground-
based equipment, fixed wing airplanes, or helicopters.  Products applied in ultralow volume 
[ULV] formulations and dosages include organophosphates, such as malathion and naled, 
pyrethroids, such as resmethrin, sumithrin, and permethrin, and pyrethrins such as Pyrenone crop 
spray.  Factors to consider when selecting an adulticide include:  1) efficacy against the target 
species or life cycle stage, 2) resistance status, 3) pesticide label requirements, 4) availability of 
pesticide and application equipment, 5) environmental conditions, 6) cost, and 7) toxicity to 
nontarget species, including humans. 
 
For more information about mosquito control please see “Best Management Practices for 
Mosquito Control in California”.  http://www.westnile.ca.gov/resources.php   
 
Response Levels 
 
The California Mosquito-borne Virus Surveillance and Response Plan was developed to provide 
a semi-quantitative measure of virus transmission risk to humans that could be used by local 
mosquito control agencies to plan and modulate control activities.  Independent models are 
presented for WEE, SLE and WNV to accommodate the different ecological dynamics of these 
viruses (Barker et al. 2003).  SLE and WN viruses are closely related, require similar 
environmental conditions, and employ the same Culex vectors. Seven surveillance factors are 
measured and analyzed to determine the level of risk for human involvement and thereby gauge 
the appropriate response level: 
1. Environmental or climatic conditions (snowpack, rainfall, temperature, season) 
2. Adult Culex vector abundance 
3. Virus infection rate in Culex mosquito vectors 
4. Sentinel chicken seroconversions  
5. Fatal infections in birds (WNV only) 
6. Infections in humans  
7. Proximity of detected virus activity to urban or suburban regions (WEE only) 
Each factor is scored on an ordinal scale from 1 (lowest risk) to 5 (highest risk).  The mean score 
calculated from these factors corresponds to a response level as follows:  normal season (1.0 to 
2.5), emergency planning (2.6 to 4.0), and epidemic (4.1 to 5.0).  Table 1 provides a worksheet 
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to assist in determining the appropriate rating for each of the risk factors for each of the three 
viruses. Appendix J shows sources of data useful in the calculation of risk in Table 1.     
 
For surveillance factor 2 (vector abundance), abundance is scaled as an anomaly and compared 
to  the area average over 5 years for the same preceding two week period.  The area typically 
encompasses the boundaries of a local mosquito and vector control district.  The mosquito virus 
infection rate should be calculated using the most current data (prior two week period) and 
expressed as minimum infection rate (MIR) per 1,000 female mosquitoes tested.  Calculations 
can also use maximum likelihood estimate (Biggerstaff 2003), which accounts for varying 
numbers of specimens in pools and the possibility that more than one mosquito could be infected 
in each positive pool when infection rates are high.  For WNV and SLE, risk may be estimated 
separately for Cx. tarsalis and the Cx. pipiens complex, respectively, because these species 
generally have different habitat requirements and therefore spatial distributions (e.g., rural vs. 
urban).  
 
Each of the three viruses differs in its response to ecological conditions.  WEE activity typically 
is greatest during El Niño conditions of wet winters, excessive run-off and flooding, cool 
springs, and increased Culex tarsalis abundance. Historically, WEE virus spillover into a 
secondary Aedes-rabbit cycle was common in the Central Valley, but has not been detected for 
the past 25 years.  In contrast, SLE and perhaps WNV activity appears to be greatest during La 
Niña conditions of drought and hot summer temperatures and both SLE and WNV transmission 
risk increases when temperatures are above normal.   Abundance and infection of the Culex 
pipiens complex are included in both SLE and WNV estimates of risk because these mosquito 
species are important vectors, particularly in suburban/urban environments.  The occurrence of 
dead bird infections is included as a risk factor in the WNV calculations.  For surveillance 
factors 4-6 (chickens, birds, humans), specific region is defined as the area within the agency’s 
boundary and the broad region includes the area within 150 miles (~241 km) of the agency’s 
boundary. 
 
Proximity of virus activity to human population centers is considered an important risk factor for 
all three viruses of public health concern.  In the risk assessment model in Table 1 this was 
accommodated in two different ways.  WEE virus transmitted by Culex tarsalis typically 
amplifies first in rural areas and may eventually spread into small and then larger communities.  
A risk score was included to account for where virus activity was detected.  WNV and SLE virus 
may be amplified concurrently or sequentially in rural and urban cycles.  The rural cycle is 
similar to WEE virus and is transmitted primarily by Cx. tarsalis, whereas the urban cycle is 
transmitted primarily by members of the Culex pipiens complex.   If the spatial distributions of 
key Culex species differ within an area (e.g., rural vs. urban), it may be advantageous to assess 
risk separately by species for abundance and infection rates in Cx. tarsalis and the Cx. pipiens 
complex.  This would result in two estimates of overall risk for the areas dominated by each 
species. 

Each of these surveillance factors can differ in impact and significance according to time of year 
and geographic region.  Climatic factors provide the earliest indication of the potential for 
increased mosquito abundance and virus transmission and constitute the only risk factor actually 
measured from the start of the calendar year through mid-spring when enzootic surveillance 
commences in most areas.  Climate is used prospectively to forecast risk during the coming 
season.  Other factors that may inform control efforts as the season progresses are typically, in 
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chronological order: mosquito abundance, infections in non-humans (e.g., dead birds for WNV, 
mosquitoes, sentinel chickens), and infections in humans.  Enzootic indicators measure virus 
amplification within the Culex-bird cycle and provide nowcasts of risk, whereas human 
infections document tangential transmission and are the outcome measure of forecasts and 
nowcasts.  Response to the calculated risk level should consider the time of year; e.g., epidemic 
conditions in October would warrant a less aggressive response compared to epidemic conditions 
in July because cooler weather in late fall will contribute to declining risk of arbovirus 
transmission. 

 
The ratings listed in Table 1 are benchmarks only and may be modified as appropriate to the 
conditions in each specific region or biome of the state.  Calculation and mapping of risk has 
been enabled by tools included in the CalSurv Gateway.  Roles and responsibilities of key 
agencies involved in carrying out the surveillance and response plan are outlined in “Key 
Agency Responsibilities.”  
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 Table 1. Mosquito-borne Virus Risk Assessment. 

WNV Surveillance Factor Assessment 
Value Benchmark Assigned 

Value 
1. Environmental Conditions  
High-risk environmental conditions 
include above-normal temperatures 
with or without above-normal 
rainfall, runoff, or snowpack. 
Weather data link: 
http://ipm.ucdavis.edu 

1 Avg daily temperature during prior 2 weeks ≤ 56 oF  

2 Avg daily temperature during prior 2 weeks 57 – 65 oF  

3 Avg daily temperature during prior 2 weeks 66 – 72 oF  

4 Avg daily temperature during prior 2 weeks 73 – 79 oF  

5 Avg daily temperature during prior 2 weeks > 79 o F  

   Cx tars Cx pip 
2. Adult Culex tarsalis and Cx. 
pipiens complex relative 
abundance* 
Determined by trapping adults, 
enumerating them by species, and 
comparing numbers to those 
previously documented for an area 
for the prior 2-week period. 

1 Vector abundance well below average (≤ 50%)   

2 Vector abundance below average (51 - 90%)   

3 Vector abundance average (91 - 150%)   

4 Vector abundance above average (151 - 300%)   

5 Vector abundance well above average (> 300%)   

3. Virus infection rate in Culex 
tarsalis and Cx. pipiens complex 
mosquitoes* 
Tested in pools of 50.  Test results 
expressed as minimum infection 
rate per 1,000 female mosquitoes 
tested (MIR) for the prior 2-week 
period. 

1 MIR = 0   

2 MIR = 0.1 - 1.0   

3 MIR = 1.1 - 2.0   

4 MIR = 2.1 - 5.0   

5 MIR > 5.0   

4. Sentinel chicken seroconversion 
Number of chickens in a flock that 
develop antibodies to WNV during 
the prior 2-week period.  If more 
than one flock is present in a region, 
number of flocks with seropositive 
chickens is an additional 
consideration.  Typically 10 
chickens per flock. 

1 No seroconversions in broad region  

2 One or more seroconversions in broad region  

3 
One or two seroconversions in a single flock in specific 
region  

 

4 
More than two seroconversions in a single flock or two 
flocks with one or two seroconversions in specific 
region 

 

5 
More than two seroconversions per flock in multiple 
flocks in specific region 

 

5.  Dead bird infection  
Number of birds that have tested 
positive (recent infections only) for 
WNV during the prior 3-month 
period. This longer time period 
reduces the impact of zip code 
closures during periods of increased 
WNV transmission. 

1 No positive dead birds in broad region  

2 One or more positive dead birds in broad region  

3 One positive dead bird in specific region  

4 Two to five positive dead birds in specific region  

5 More than five positive dead birds in specific region 
 

6.  Human cases 
Do not include this factor in 
calculations if no cases are detected 
in region. 

3 One or more human infections in broad region  

4 One human infection in specific region  

5 More than one human infection in specific region  

  Cx tars Cx pip
Response Level / Average Rating: 
Normal Season (1.0 to 2.5) 
Emergency Planning (2.6 to 4.0) 
Epidemic (4.1 to 5.0) 

TOTAL 
  

 
AVERAGE 

  

* Calculation of separate risk values for Cx. tarsalis and the Cx. pipiens complex may be useful if their spatial distributions 
(e.g., rural vs. urban) differ within the assessment area.  
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SLE Surveillance Factor Assessment 
Value Benchmark Assigned 

Value 
1. Environmental Conditions  
High-risk environmental conditions 
include above-normal temperatures 
with or without above-normal 
rainfall, runoff, or snowpack. 
Weather data link: 
http://ipm.ucdavis.edu 

1 Avg daily temperature during prior 2 weeks ≤ 56 oF  

2 Avg daily temperature during prior 2 weeks 57 – 65 oF  

3 Avg daily temperature during prior 2 weeks 66 – 72 oF  

4 Avg daily temperature during prior 2 weeks 73 – 79 oF  

5 Avg daily temperature during prior 2 weeks > 79 o F  

   Cx tars Cx pip 
2. Adult Culex tarsalis and Cx. 
pipiens complex relative 
abundance* 
Determined by trapping adults, 
enumerating them by species, and 
comparing numbers to those 
previously documented for an area 
for the prior 2-week period.   

1 Vector abundance well below average (≤ 50%)   

2 Vector abundance below average (51 - 90%)   

3 Vector abundance average (91 - 150%)   

4 Vector abundance above average (151 - 300%)   

5 Vector abundance well above average (> 300%)   

3. Virus infection rate in Culex 
tarsalis and Cx. pipiens complex 
mosquitoes* 
Tested in pools of 50.  Test results 
expressed as minimum infection 
rate per 1,000 female mosquitoes 
tested (MIR) for the prior 2-week 
collection period. 

1 MIR = 0   

2 MIR = 0.1 - 1.0   

3 MIR = 1.1 - 2.0   

4 MIR = 2.1 - 5.0   

5 MIR > 5.0   

4. Sentinel chicken seroconversion 
Number of chickens in a flock that 
develop antibodies to SLEV during 
the prior 2-week period.  If more 
than one flock is present in a region, 
number of flocks with seropositive 
chickens is an additional 
consideration.  Typically 10 
chickens per flock. 

1 No seroconversions in broad region  

2 One or more seroconversions in broad region  

3 
One or two seroconversions in a single flock in specific 
region  

 

4 
More than two seroconversions in a single flock or two 
flocks with one or two seroconversions in specific 
region 

 

5 
More than two seroconversions per flock in multiple 
flocks in specific region 

 

5.  Human cases 
Do not include this factor in 
calculations if no cases are detected 
in region. 

3 One or more human cases in broad region  

4 One human case in specific region  

5 More than one human case in specific region  

  Cx tars Cx pip
Response Level / Average Rating: 
Normal Season (1.0 to 2.5) 
Emergency Planning (2.6 to 4.0) 
Epidemic (4.1 to 5.0) 

TOTAL 
  

 
AVERAGE 

  

* Calculation of separate risk values for Cx. tarsalis and the Cx. pipiens complex may be useful if their spatial distributions 
(e.g., rural vs. urban) differ within the assessment area. 
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WEE Surveillance Factor 
Assessment 

Value Benchmark 
Assigned 

Value 

1. Environmental Conditions 
High-risk environmental conditions 
include above normal rainfall, snow 
pack, and runoff during the early season 
followed by a strong warming trend. 
Weather data link: 
http://ipm.ucdavis.edu 

1 Cumulative rainfall and runoff well below average  

2 Cumulative rainfall and runoff below average  

3 Cumulative rainfall and runoff average  

4 Cumulative rainfall and runoff above average  

5 Cumulative rainfall and runoff well above average  

2. Adult Culex tarsalis abundance  
Determined by trapping adults, 
enumerating them by species, and 
comparing numbers to averages 
previously documented for an area for the 
prior 2-week period. 

1 Cx. tarsalis abundance well below average (≤ 50%)  

2 Cx. tarsalis abundance below average (51 - 90%)  

3 Cx. tarsalis abundance average (91 - 150%)  

4 Cx. tarsalis abundance above average (151 - 300%)  

5 Cx. tarsalis abundance well above average (> 300%)  

3. Virus infection rate in Cx. tarsalis 
mosquitoes 
Tested in pools of 50.  Test results 
expressed as minimum infection rate per 
1,000 female mosquitoes tested (MIR) 
for the prior 2-week collection period. 

1 Cx. tarsalis MIR = 0  

2 Cx. tarsalis MIR = 0.1 - 1.0  

3 Cx. tarsalis MIR = 1.1 - 2.0  

4 Cx. tarsalis MIR = 2.1 - 5.0  

5 Cx. tarsalis MIR > 5.0  

4. Sentinel chicken seroconversion  
 

Number of chickens in a flock that 
develop antibodies to WEEV during the 
prior 2-week period.  If more than one 
flock is present in a region, number of 
flocks with seropositive chickens is an 
additional consideration.  Typically 10 
chickens per flock. 

1 No seroconversions in broad region  

2 One or more seroconversions in broad region  

3 
One or two seroconversions in a single flock in 
specific region  

 

4 
More than two seroconversions in a single flock or two 
flocks with one or two seroconversions in specific 
region 

 

5 
More than two seroconversions per flock in multiple 
flocks in specific region 

 

5. Proximity to urban or suburban 
regions (score only if virus activity 
detected) 
 

Risk of outbreak is highest in urban areas 
because of high likelihood of contact 
between humans and vectors. 

1 Virus detected in rural area 
 

3 Virus  detected  in small town or suburban area  
 

5 Virus  detected  in urban area 
 

6. Human cases 
Do not include this factor in calculations 
if no cases found in region or in agency. 

3 One or more human cases in broad region  

4 One human case in specific region  

5 More than one human case in specific region  

Response Level / Average Rating: 
Normal Season (1.0 to 2.5) 
Emergency Planning (2.6 to 4.0) 
Epidemic (4.1 to 5.0) 

 
TOTAL 

 

 
AVERAGE 
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 General suggestions for applying the risk assessment model locally 
 

 Use a consistent time period for environmental conditions, adult mosquito abundance, 
mosquito infection rates, and human cases.  If you use a period that differs from the prior 
two-week period defined in the risk assessment -- such as the prior month -- use the same 
period for all other relevant measures.  Note that sentinel seroconversions and dead bird 
infections may need special treatment to accommodate bleeding schedules and zip code 
closures, respectively.  For sentinel seroconversions, use the sentinel seroconversions 
from the most recent collection. 

 If you have multiple trap types in your surveillance program, determine the vector 
abundance anomaly for each trap type and species and use the most sensitive trap type’s 
value in the risk assessment. 

 When determining the vector abundance anomaly, there should be at least two and 
preferably five years of prior data to provide a comparative baseline for the particular trap 
type.  Ideally, the prior years should be contiguous and immediately precede the time 
period being evaluated. 

 
Risk assessment as implemented by the CalSurv Gateway (http://gateway.calsurv.org) 
 

 Assessment reports will be generated and delivered to the primary contacts of each 
agency by email every Monday. 

 The time frame of each assessment report will be for the prior two-week period ending on 
the previous Saturday. 

 Only those agencies with active Gateway accounts and active surveillance programs will 
receive the reports. 

 All calculations are done at the agency level, thus the specific region is the area within 
the agency’s boundary and the broad region includes the area within 150 miles (~241 km) 
of the agency’s boundary. 

 Due to privacy concerns and delays in detection and reporting, human cases are not part 
of the Gateway’s risk assessment. 

 All of the general suggestions from the prior section are used in the Gateway’s 
implementation. 

 Risk estimates based on mosquito abundance and infection rates will be calculated 
separately for the key mosquito species, Cx. tarsalis and the Cx. pipiens complex. 

 For sentinel seroconversions, flavivirus positives are treated as WNV positives.  If SLE is 
found, this will be adjusted accordingly. 
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Characterization of Conditions and Responses 
 
Level 1: Normal Season 
 
Risk rating: 1.0 to 2.5 

CONDITIONS 

 Average or below average snowpack and rainfall; below or average seasonal temperatures  (<65F) 
 Culex mosquito abundance at or below five year average (key indicator = adults of vector species) 
 No virus infection detected in mosquitoes 
 No seroconversions in sentinel chickens 
 No recently infected WNV-positive dead birds 

 No human cases 
RESPONSE 

 Conduct routine public education (eliminate standing water around homes, use personal protection 
measures) 

 Conduct routine mosquito and virus surveillance activities 
 Conduct routine mosquito control, with emphasis on larval control.  
 Inventory pesticides and equipment 
 Evaluate pesticide resistance in vector species 
 Ensure adequate emergency funding 
 Release routine press notices 
 Send routine notifications to physicians and veterinarians 

 Establish and maintain routine communication with local office of emergency services personnel; obtain 
Standardized Emergency Management System (SEMS) training 

 
Level 2: Emergency Planning 
 
Risk rating: 2.6 to 4.0 

CONDITIONS 

 Snowpack and rainfall and/or temperature above average (66-79F) 
 Adult Culex mosquito abundance greater than 5-year average (150% to 300% above normal) 
 One or more virus infections detected in Culex mosquitoes (MIR / 1000 is <5) 
 One or more seroconversions in single flock or one to two seroconversions in multiple flocks in 

specific region 
 One to five recently infected WNV-positive dead birds in specific region 
 One human case in broad or specific region 
 WEE virus detected in small towns or suburban area 
 

RESPONSE 

 Review epidemic response plan 
 Enhance public education (include messages on the signs and symptoms of encephalitis; seek 

medical care if needed; inform public about pesticide applications if appropriate) 
 Enhance information to public health providers 
 Conduct epidemiological investigations of cases of equine or human disease 
 Increase surveillance and control of mosquito larvae 
 Increase adult mosquito surveillance 
 Increase number of mosquito pools tested for virus 
 Conduct or increase localized chemical control of adult mosquitoes as appropriate 
 Contact commercial applicators in anticipation of large scale adulticiding  
 Review candidate pesticides for availability and susceptibility of vector mosquito species 
 Ensure notification of key agencies of presence of viral activity, including the local office of 

emergency services 
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Level 3: Epidemic Conditions 
 
Risk rating: 4.1 to 5.0 

CONDITIONS 

 Snowpack, rainfall, and water release rates from flood control dams and/or temperature well above 
average (>79F) 

 Adult vector population extremely high (>300%) 
 Virus infections detected in multiple pools of Culex tarsalis or Cx. pipiens mosquitoes (MIR / 1000 > 

5.0) 
 More than two seroconversions per flock in multiple flocks in specific region 
 More than five recently infected WNV-positive dead birds and multiple reports of dead birds in 

specific region 
 More than one human case in specific region 
 WEE virus detection in urban or suburban areas 
 

RESPONSE 

 Conduct full scale media campaign  
 Alert physicians and veterinarians 
 Conduct active human case detection 
 Conduct epidemiological investigations of cases of equine or human disease 
 Continue enhanced larval surveillance and control of immature mosquitoes 
 Broaden geographic coverage of adult mosquito surveillance 
 Accelerate adult mosquito control as appropriate by ground and/or air 
 Coordinate the response with the local Office of Emergency Services or if activated, the Emergency 

Operation Center (EOC) 
 Initiate mosquito surveillance and control in geographic regions without an organized vector control 

program 
 Determine whether declaration of a local emergency should be considered by the County Board of 

Supervisors (or Local Health Officer) 
 Determine whether declaration of a “State of Emergency” should be considered by the Governor at 

the request of designated county or city officials 
 Ensure state funds and resources are available to assist local agencies at their request 
 Determine whether to activate a Standardized Emergency Management System (SEMS) plan at the 

local or state level 
 Continue mosquito education and control programs until mosquito abundance is substantially 

reduced and no additional human cases are detected 
 
For more detailed information on responding to a mosquito-borne disease outbreak, please refer 
to: 
 
Operational Plan for Emergency Response to Mosquito-Borne Disease Outbreaks, California 
Department of Public Health (supplement to California Mosquito-Borne Virus Surveillance and 
Response Plan).  http://www.westnile.ca.gov/resources.php  
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Key Agency Responsibilities 
 
Local Mosquito and Vector Control Agencies 
 Gather, collate, and interpret regional climate and weather data. 
 Monitor abundance of immature and adult mosquitoes. 
 Collect and submit mosquito pools to CVEC for virus detection. 
 Maintain sentinel chicken flocks, obtain blood samples, and send samples to VBDS. 
 Pick-up and ship dead birds for necropsy and WNV testing, or test oral swabs from American 

crows locally via rapid antigen screening assays. 
 Update CDPH weekly of all birds that are independently reported and/or tested by VecTest, 

RAMP or immunohistochemistry.  
 Update the surveillance gateway weekly with mosquito pool results that are independently 

tested by RAMP or PCR. 
 Conduct routine control of immature mosquitoes. 
 Conduct control of adult mosquitoes when needed. 
 Educate public on mosquito avoidance and reduction of mosquito breeding sites. 
 Coordinate with local Office of Emergency Services personnel. 
 Communicate regularly with neighboring agencies 
 
Mosquito and Vector Control Association of California 
 Coordinate purchase of sentinel chickens. 
 Receive, track, and disperse payment for surveillance expenses. 
 Coordinate surveillance and response activities among member agencies. 
 Serve as spokesperson for member agencies. 
 Establish liaisons with press and government officials. 
 
California Department of Public Health 
 Collate adult mosquito abundance data submitted by local agencies; provide summary of data 

to local agencies. 
 Maintain a WNV information and dead bird reporting hotline, 1-877-WNV-BIRD, and a 

WNV website:  http://westnile.ca.gov.    
 Coordinate submission of specimens for virus testing. 
 Provide supplies for processing mosquito pool and sentinel chicken diagnostic specimens 
 Test sentinel chicken sera for viral antibodies. 
 Test human specimens for virus. 
 Distribute a weekly bulletin summarizing surveillance test results. 
 Send weekly surveillance results to the UC Davis interactive website. 
 Immediately notify local vector control agency and public health officials when evidence of 

viral activity is found. 
 Conduct epidemiological investigations of cases of human disease. 
 Coordinate and participate in a regional emergency response in conjunction with California 

Emergency Management Agency. 
 Conduct active surveillance for human cases. 
 Provide oversight to local jurisdictions without defined vector-borne disease control 

program. 
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 Maintain inventory of antigens and antisera to detect exotic viruses. 
 Provide confirmation of tests done by local agencies. 
 
University of California at Davis 
 Conduct research on arbovirus surveillance, transmission of mosquito-borne diseases, and 

mosquito ecology and control. 
 Test mosquito pools and dead birds for endemic and introduced viruses. 
 Provide a proficiency panel of tests for identification of viruses from human, equine, bird, or 

arthropod vectors to local agencies to ensure quality control. 
 Maintain an interactive website (http://gateway.calsurv.org) for dissemination of mosquito-

borne virus information and data. 
 Maintain inventory of antigens, antisera, and viruses to detect the introduction of exotic 

viruses. 
 Provide confirmation of tests done by local or state agencies. 
 
California Department of Food and Agriculture 
 Notify veterinarians and veterinary diagnostic laboratories about WEE and WNV and testing 

facilities available at UCD Center for Vectorborne Disease Research. 
 Provide outreach to general public and livestock and poultry producers on the monitoring and 

reporting of equine and ratite encephalitides. 
 Facilitate equine and ratite sample submission from the field. 
 Conduct investigations of equine cases. 
 
California Animal Health and Food Safety Laboratory 
 Identify species of dead birds submitted for WNV testing. 
 Conduct necropsies and testing on dead birds. 
 Submit bird tissues to CVEC for testing. 
 Test equine specimens for WNV. 
 
Local Health Departments and Public Health Laboratories 
 Test human specimens for WNV. 
 Refer human specimens to CDPH for further testing. 
 Notify local medical community, including hospitals and laboratories, if evidence of viral 

activity is present. 
 Collect dead birds and ship carcasses to testing laboratories when needed. 
 Test American crows via rapid assay or RT-PCR as resources allow. 
 Participate in emergency response. 
 Conduct epidemiological investigations of cases of human disease. 
 Report WNV cases to CDPH. 
 Conduct public education. 
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California Emergency Management Agency 
 Coordinate the local, regional, or statewide emergency response under epidemic conditions 

in conjunction with CDPH via the Standardized Emergency Management System (SEMS). 
 Serve as liaison with the Federal Emergency Management Agency (FEMA) in the event that 

a federal disaster has been declared. 
 
Federal Centers for Disease Control and Prevention 
 Provide consultation to state and local agencies in California if epidemic conditions exist. 
 Provide national surveillance data to state health departments. 
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Appendix A: Guidelines for Adult Mosquito Surveillance 
 
 The objective of Appendix A is to standardize mosquito sampling and reporting procedures 
to provide comparable and interpretable abundance measures among collaborating mosquito 
control agencies in California.  This section summarizes information from Integrated Mosquito 
Surveillance Program Guidelines for California that has been adopted by the Mosquito and 
Vector Control Association (MVCAC) (Meyer et al. 2003).  The MVCAC guidelines 
recommend stratifying the use of different sampling methods in rural, small town, and urban 
environments for each of the major biomes of California and provide a listing of target vector 
and nuisance mosquito species.  The stratified sampling approach monitors vector populations 
and virus activity in rural enzootic foci, agricultural or suburban amplification sites, and densely 
populated urban centers to provide estimates of early, eminent, and current epidemic risk.   
 The four sampling methods currently used by mosquito control agencies are:  1) New Jersey 
(American) light trap, 2) CDC/ EVS style, or other CO2-baited trap, 3) gravid trap, and 4) adult 
resting collections.  Collection location sites should be geocoded and registered using the 
Surveillance Gateway [http://gateway.calsurv.org/].  Studies comparing trap design and 
efficiency for surveillance purposes have been published (Reisen et al. 2000; Reisen et al. 2002).  
These guidelines describe: 1) a comparison of the sampling methods, 2) equipment design, 3) 
operation, 4) specimen processing, 5) data recording and analysis, and 6) data usage. 
 
 
Advantages and Disadvantages of Mosquito Sampling Methods: 

 
New Jersey Light Trap 

Pros 
 All female metabolic states and males collected 
 Minimal collection effort (can be run nightly without 

service) 
 Long history of use in California 

Cons 
 Selective for phototactic nocturnally active mosquitoes 
 Ineffective in the presence of competing light sources 
 Sorting time excessive because of other insects in traps 
 Specimens dead; less useful for virus detection 
 Collects comparatively few specimens 

CDC/EVS CO2 Trap 

Pros 
 Samples biting population 
 Collects large numbers of virus vector species 
 Specimens alive; suitable for virus detection 
 Without light, collects mostly mosquitoes thus reducing 

sorting time 
 Battery operated, portable 

Cons 
 Collects >50% nullipars (females that have never blood fed 

or laid eggs) 
 Must be set and picked-up daily 
 Dry ice cost high; availability can be a problem 
 Does not collect males or bloodfed or gravid females 

Gravid Trap 

Pros 
 Collects females that have bloodfed and digested the 

blood meal; may have higher infection rate than CO2 trap 
 Specimens alive; suitable for virus detection 
 Extremely sensitive for Cx.quinquefasciatus in urban 

habitat 
 Bait inexpensive 
 Battery operated, portable 

Cons 
 Collects only foul-water Culex [mostly pipiens complex]  
 Bait has objectionable odor 
 Must be set and picked-up daily 
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Resting Catches 

Pros 
 All metabolic states collected 
 Minimal equipment needed 
 Specimens alive; suitable for virus detection 
 Blooded and gravid specimens can be tested to improve 

sensitivity of virus surveillance 

Cons 
 Standardization is difficult due to: 

1. Variable shelter size and type 
2. Variable collector efficiency 

 Labor intensive; difficult to concurrently sample a large 
number of sites 
 

 
 
New Jersey (American) Light Trap (NJLT) 
 
Operation 
 At a minimum, one trap should be located in each principal municipality of a district or have 
a distribution of one trap/township (36 sq. mi.).   Correct placement of the NJLT is a critical 
factor in its performance as an effective surveillance mechanism for measuring the relative 
abundance of phototaxic mosquitoes.  Place the traps at six-foot height.  This can be done by 
using a metal standard, or by hanging the traps from tree limbs or roof eaves.  These distances 
should maximize attractancy over a 360 degree radius.  The trap should be placed on the leeward 
side of a structure or tree line to decrease the influence of wind on trap catch. 
 Traps should be kept away from smoke or chemical odors that may be repellent to the 
mosquitoes.  Traps should be away from buildings in which animals are housed and not be in the 
immediate vicinity of sentinel flocks to diminish attractancy competition.  Traps should be 
placed away from street and security lights that may diminish attractancy of the trap bulb. A trap 
should be placed approximately 100-200 feet from each sentinel chicken flock when possible.  
 Traps should be operated from week 14 to week 44 of the calendar year for districts north of 
the Tehachapi Mountains and all year long for districts south of the Tehachapi.  Ideally, the traps 
should run for four to seven nights before the collection is retrieved (Loomis and Hanks 1959).  
The trap should be thoroughly cleaned with a brush to remove spider webs or any other debris 
that may hinder airflow through the trap.  A regular cleaning schedule should be maintained 
during the trapping season to maintain trap efficiency. 
 
Processing 
 Adult mosquitoes from the NJLT collection should be sorted from the other insects in an 
enamel pan before being identified and counted at 10x magnification under a dissecting 
microscope.  Counting aliquots or subsamples of all specimen samples should be discouraged, 
because vector species may comprise only a small fraction of the total mosquito collection. 
 
CDC style CO2-baited trap 
 
Operation 
 Carbon dioxide-baited traps can be used for abundance monitoring or capturing mosquitoes 
for virus testing.  Traps should be hung from a 6-foot tall standard (approximately 4 feet above 
ground level) to standardize trap placement for population and virus infection rate monitoring.  
Knowledge of the host-seeking patterns of the target species is essential in determining CO2-
baited trap placement in the habitat to enhance catch size and therefore sampling sensitivity.  
Culex tarsalis primarily bloodfeed on birds and hunt along vegetative borders and tree canopies 
where birds roost and nest.  Culex erythrothorax are best collected within wetland areas near 
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dense stands of tules and cattails.  In large, open breeding sources such as rice fields, CO2-baited 
traps could be hung on standards on the up-wind side of the source for Culex tarsalis and 
Anopheles freeborni collections.  Aedes melanimon and Aedes nigromaculis are mammal feeders 
and typically seek hosts over open fields. 
 When used to supplement sentinel chickens for arbovirus surveillance, traps should be 
operated at different locations to enhance geographical coverage and thus surveillance 
sensitivity.  Labor and time constraints determine the extent of sampling.  When used to monitor 
population abundance, traps should be operated weekly or biweekly at the same fixed stations.  
Temperature, wind speed, wind direction, and rainfall should be recorded because these factors 
affect catch size.  The mini-light may be removed, because it attracts other phototactic insects 
that may hinder sorting and/or damage female mosquitoes in the collection container and may 
repel members of the Culex pipiens complex.  The CO2-baited trap should not be placed in 
immediate proximity to the sentinel chicken flock because it will compete with, and therefore 
lessen, exposure of the sentinel birds, but may be placed within a 100-200 foot radius of the 
sentinel flock site, but no closer than 100 feet from the flock. 
 
Processing 
 Mosquitoes collected for arbovirus surveillance should be processed according to the 
procedures outlined in Appendix B.  If possible, ten pools of a species (Culex tarsalis, Culex 
pipiens, Culex quinquefasciatus, Culex stigmatosoma, Aedes melanimon, and Aedes dorsalis) 
should be submitted for virus testing from a given geographical location at a given time.  Only 
live mosquitoes should be pooled for virus testing.  Dead, dried specimens should be counted 
and discarded.  Only whole specimens should be submitted; avoid including detached body parts 
(which may be from other mosquito species) or other Diptera (i.e., Culicoides, etc.) in the pool to 
prevent sample contamination.  Avoid freezing specimens before sorting and counting.  
Mosquitoes collected for population monitoring should be anesthetized in a well-ventilated area 
or under a chemical hood using triethylamine, identified to species under a dissecting 
microscope, counted, pooled and immediately frozen at -80C or on dry ice for later virus testing.    
 
Reiter/Cummings gravid traps 
 
Trap design and components 
 The Reiter/Cummings gravid traps consist of a rectangular trap housing [plastic tool box] 
with an inlet tube on the bottom and an outlet tube on the side or top.  The rectangular housing is 
provided with legs to stabilize the trap over the attractant basin containing the hay-infusion 
mixture. (Cummings 1992). The oviposition attractant consists of a fermented infusion made by 
mixing hay, Brewer’s yeast and water.  The mixture should sit at ambient temperature for a 
minimum of three to four days prior to allow fermentation and increase attractancy.  New 
solutions should be made at least biweekly to maintain consistent attractancy. 
 
Operation 
 The Reiter/Cummings gravid trap is primarily used in suburban and urban residential 
settings for surveillance of gravid females in the Culex pipiens complex.  The trap is placed on 
the ground near dense vegetation that serves as resting sites for gravid females.  Specimens may 
be retrieved on a one to three day basis. 
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Processing 
 Culex pipiens complex females collected with the gravid trap for arbovirus surveillance 
should be retrieved daily and the protocol for mosquito pool submission as outlined in Appendix 
B should be followed.  For population monitoring of the Culex pipiens complex, collections may 
be retrieved every third day.  The females are killed, identified and counted before being 
discarded.  Autogenous females may also be attracted to the gravid trap. 
 
Adult resting collections 
 
Trap design and operation 
 A flashlight and mechanical aspirator can be used to collect adult mosquitoes resting in 
habitats such as shady alcoves, buildings, culverts, or spaces under bridges.  Highest numbers 
usually are collected at humid sites protected from strong air currents. Adults resting in 
vegetation may be collected using a mechanical sweeper such as the AFS (Arbovirus Field 
Station) sweeper (Meyer et al. 1983).  For quantification, time spent searching is recorded and 
abundance expressed as the number collected per person-hour. 
 Red boxes were developed to standardize collections spatially.  Different researchers have 
used red boxes of varying dimensions.  Largest catches are made in semi-permanent walk-in red 
boxes which measure 4’ x 4’ x 6’ (Meyer 1985).  Smaller 1’ x 1’ x 1’ foot boxes typically collect 
fewer specimens, but are readily portable.  The entrance of the walk-in red box should be left 
open, draped with canvas, or closed with a plywood door.  The canvas or plywood door should 
have a 1 or 2 ft gap at the bottom to allow entry of mosquitoes, while affording some protection 
from the wind and decreasing the light intensity within the box.  The box entrance should not 
face eastward into the morning sun or into the predominant wind direction. 
 
Processing 
 Mosquitoes should be anesthetized with triethylamine, identified under a dissecting 
microscope, sorted by sex and female metabolic status (i.e., empty or unfed, blood fed or gravid), 
and counted.  Females may be counted into ten pools of approximately 50 females per site per 
collection date for virus monitoring (see Appendix B).  Only living females should be used for 
arbovirus surveillance.  Data on metabolic status may indicate population reproductive age as 
well as diapause status. 

Data recording and analysis 

 Counts from NJLTs, EVS, and gravid traps and information on pools submitted for testing 
or tested locally should be entered directly in electronic format through the California 
Vectorborne Disease Surveillance Gateway ( http://gateway.calsurv.org/).  Import from local or 
proprietary data systems is available.  For comparisons of abundance over time, space, or 
collection methods, refer to Biddlingmeyer (1969).   
 
Data usage 
 
Mosquito collections from some or all of the four sampling methods collectively can be used to: 
 
 1. Assess control efforts. 
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 2. Monitor arbovirus vector abundance and infection rates. 
 3. Compare mosquito abundance from collections with the number of service requests from the 

public to determine the tolerance of neighborhoods to mosquito abundance.  
   4. Determine proximity of breeding source(s) by the number of males present in collections 

from the NJLTs and red boxes. 
 5. Determine age structure of females collected by CO2 traps and resting adult collections; such 

data are critical to evaluating the vector potential of the population. 
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Appendix B: Procedures for Processing Mosquitoes for Arbovirus Detection 
 

1. Collect mosquitoes alive and return them immediately to the laboratory.  Collections should 
be kept humid during transport with moist toweling to prevent desiccation.  Females should 
be offered 5-10 percent sucrose if held overnight or longer before processing. 

 
 2. Anesthetize mosquitoes by cold, carbon dioxide, or triethylamine (TEA).  TEA is 

recommended because specimens are permanently immobilized with minimal mortality and 
with no loss of virus titer.  TEA should be used either outdoors or under a chemical hood.  
Collections can be anesthetized outdoors using a few drops of TEA, the specimens 
transferred to Petri dishes, and then taken into the laboratory for processing.  If refrigerated 
and kept humid, mosquitoes will remain alive in covered Petri dishes for one or two days 
without additional anesthesia.  If mosquitoes are frozen before processing, sorting to species 
and enumeration must be done on a chill table to prevent virus loss. 

 
 3. Sort mosquito collections to species under a dissecting microscope at 10X to ensure correct 

identification and to make sure that extraneous mosquito parts (i.e., legs, wings) or other 
small insects such as chironomids or Culicoides are not inadvertently included in the pools.  
This is extremely important because diagnostics have transitioned from virus isolation to 
sensitive RT-PCR methods of viral detection.  Count and discard dead and dried mosquitoes.  
Lots of 50 females per pool of each vector species from each collection site are then counted 
into individual polystyrene vials with snap caps containing two 5mm glass beads.  
Recommended sampling effort is ten pools of 50 females of each species from each site per 
week to detect minimum infection rates (MIRs) ranging from 0 to 20 per 1,000 females 
tested.  Vials with pools should be labeled sequentially starting with #1 each year after the 
site code; e.g., KERN-1-11; where 11 refers to year 2011.  Data on each pool can be entered 
directly in electronic format through the California Vectorborne Disease Surveillance 
Gateway  ( http://gateway.calsurv.org/).   POOLS MUST BE ACCOMPANIED BY 
“MOSQUITO POOLS SUBMITTED FORM MBVS-3” AND CAN ONLY BE TESTED 
FROM REGISTERED SITES. Surveillance sites should be registered online at:   
http://gateway.calsurv.org/.  Faxed registration forms (MBVS-1) will be accepted from 
agencies without adequate internet access.  

 
List the site code for each pool that consists of a designated four-letter agency code followed 
by four digits identifying the site, i.e., KERN0001.   Keep the pool numbers in sequence for 
the whole year regardless of the number of site codes: e.g., pool #1 may be from KERN0001, 
and pool #2 may be from KERN0004. 

 
4. Freeze pools immediately at -70C either on dry ice in an insulated container or in an ultra-low 

temperature freezer.  Pools should be shipped frozen on dry ice to CVEC for testing by real 
time multiplex RT-PCR.  Pools received by noon on Wednesday will be tested and reported 
by Friday or sooner using the Gateway website and automated email notification, in addition 
to the routine reporting within the weekly Arbovirus Surveillance Bulletin.  Each pool is 
screened for WNV, SLE, and WEE viruses by a multiplex assay, with positives confirmed 
by a singleplex RT-PCR.  Pools from selected areas also are screened for additional viruses 
using Vero cell culture with isolates identified following sequencing.  Care must be taken 
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not to allow pools to defrost during storage or shipment, because each freeze-thaw cycle 
may result in a 10-fold decrease in viral titer, and all virus will be lost if the specimens sit at 
room temperature for extended periods. Address shipment to:  Center for Vectorborne 
Diseases, University of California, VetMed3A room 4206, 1 Shields Ave, Davis CA 95616.  
Pools received by Wednesday will be tested and reported through the Gateway the same 
week. 

 
  5.  Local agencies that conduct their own testing by RT-PCR or RAMP® tests need to complete 

and pass a proficiency panel each year for the results to be reported by CDPH.  
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Appendix C: Procedures for Maintaining and Bleeding Sentinel Chickens 
 

1. Procure hens in March or when they become available as notified by CDPH when the 
chickens are 14-18 weeks of age to ensure minimal mortality during handling.  Hens at this 
age have not yet begun to lay eggs, but they should have received all their vaccinations and 
been dewormed.   

2. Ten sentinel chickens can be housed in a 3Wx6Lx3H ft coop framed with 2x2 and 2x4 inch 
construction lumber and screened with no smaller than 1x1 inch welded wire.  It is critical 
that the wire mesh be large enough to allow the mosquitoes to easily enter the coop and the 
coops be placed in locations with a history of arbovirus transmission and/or high mosquito 
abundance.  The site of and band numbers located at each coop must be registered online at: 
http://gateway.calsurv.org/.  Faxed registration forms (MBVS-1) will be accepted from 
agencies without adequate internet access.  Coops should be at least two feet off the ground 
to reduce predator access, facilitate capture of the birds for bleeding, and allow the free 
passage of the feces through the wire floor to the ground.  A single, hinged door should be 
placed in the middle of the coop, so that the entire coop is accessible during chicken 
capture.  After construction, the lumber and roof should be protected with water seal.  A 
self-filling watering device should be fitted to one end of the coop and a 25 lb. feeder sus-
pended in the center for easy access.  In exchange for the eggs, a local person (usually the 
home owner, farm manager, etc.) should check the birds (especially the watering device) 
and remove the eggs daily.  If hung so the bottom is about four inches above the cage floor 
and adjusted properly, the feeder should only have to be refilled weekly (i.e., 100 lb. of feed 
per month per flock of ten birds).  Therefore, if proper arrangements can be made and an 
empty 55-gallon drum provided to store extra feed, sentinel flocks need only be visited bi-
weekly when blood samples are collected. 

3. Band each bird in the web of the wing using metal hog ear tags and appropriate pliers.  This 
band number, the date, and site registration number must accompany each blood sample 
sent to the laboratory for testing. 

4. Bleed each hen from the distal portion of the comb using a standard lancet used for human 
finger "prick" blood samples.  The bird can be immobilized by wedging the wings between 
the bleeder's forearm and thigh, thereby leaving the hand free to hold the head by grabbing 
the base of the comb with the thumb and forefinger.  Use alcohol swabs on comb before 
bleeding. Blood samples are collected on half-inch wide filter paper strips, which should be 
labeled with the date bled and wing band number. The comb should be "pricked" with the 
lancet and blood allowed to flow from the "wound" to form a drop.  Collect the blood by 
touching the opposite end of the pre-labeled filter paper strip to the wound.  THE BLOOD 
MUST COMPLETELY SOAK THROUGH ON A ¾ INCH LONG PORTION OF THE 
STRIP.  Place the labeled end of the strip into the slot of the holder (or "jaws" of the clothes 
pin) leaving the blood soaked end exposed to air dry.   

5. Attach the completely dry filter paper strips to a 5x7 card in sequential order, from left to 
right by stapling the labeled end towards the top edge of the card, and leaving the blood 
soaked end free so that the laboratory staff can readily remove a standard punch sample.  
Write the County, Agency Code, Site, and Date Bled onto the card and place it into a zip 
lock plastic bag.  Do not put more than one sample card per bag. It is important that 
blooded ends do not become dirty, wet, or touch each other.  VERY IMPORTANT:  
CHICKEN SERA MUST BE ACCOMPANIED BY SENTINEL CHICKEN BLOOD 
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FORM (MBVS- 2) OUTSIDE THE ZIP-LOCK BAG. Do not staple the form to the bag. 
Samples from each bleeding date then can be placed into a mailing envelope and sent to: 

Department of Public Health, Richmond Campus 
Specimen Receiving Unit Room B106 (ATTN: ARBO) 
850 Marina Bay Parkway 
Richmond, CA 94804 
 

  Specimens should be mailed to arrive no later than noon on Tuesdays for testing to begin 
that week. 

 
6. In the laboratory, a single punch is removed from the blooded end of the paper and placed 

into one well of a 96-well plate with 150 l of diluent.  Specimens are allowed to soak for 2 
hours on a rotator and the eluate is tested for WEE, SLE, and WNV IgG antibody using 
ELISA.  Positive specimens are tested further with an indirect fluorescent antibody test and 
confirmed with a Western blot.  Inconclusive SLE or WNV positives are confirmed and 
identified by cross-neutralization tests.  Test results are made available online at: 
http://gateway.calsurv.org/. 

 
Reference 
 
Reisen, W.K.  1995.  Guidelines for Surveillance and Control of Arboviral Encephalitis in 
 California, In:  Interagency Guidelines for the Surveillance and Control of Selected 
 Vector-borne Pathogens in California, Mosquito and Vector Control Association of 
 California, Sacramento. 
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California Procedure for Testing Sentinel Chickens for the 
Presence of Antibodies to Flaviviruses (SLE and WNV) and WEE 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

 
 

MVCD collects blood from 
comb of each chicken onto 
filter paper approx. every 
other week and enters data 
into Surveillance Gateway 

Local labs that test their 
own flocks send positive 
samples to CDPH for 
confirmation 

MVCD sends filter paper 
strips and submission 
report form to CDPH for 
arbovirus testing by EIA 

Local labs that test their 
own flocks send negative 
results to CDPH 

EIA positive samples 
tested by IFA and 
Western blot at CDPH 

Negative results 
reported immediately to 
submitting agency via 
Surveillance Gateway 

Inconclusive results may 
warrant CDPH request 
for whole blood sample  

Final test results reported 
immediately to submitting 
agency via Surveillance 
Gateway and listed in 
weekly bulletin 

Key: 
EIA:  Enzyme immunoassay test 
IFA:  Indirect fluorescent antibody test 
MVCD: Local Mosquito and Vector Control District/Health Dept. 
SLE:  St. Louis encephalitis 
CDPH: CDPH Vector-Borne Disease Section, Richmond 
WEE:  Western equine encephalitis 
WNV:  West Nile virus encephalitis 
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Surveillance for Mosquito-borne Viruses 
Registration of Agencies and Sites 

 
1. Participation of agencies 
 
Agencies interested in participating in the statewide surveillance program for mosquito-borne 
viruses should place orders for mosquito pool testing by UC Davis Center for Vectorborne 
Diseases (CVEC) through the Mosquito and Vector Control Association (MVCAC). Sentinel 
chicken testing should be ordered through the California Department of Public Health (CDPH).  
Agencies will be billed in advance for the number of samples to be tested.   
 
Agencies are responsible for registering and maintaining updated information for their sites 
online at: http://gateway.calsurv.org/. 
 
2. Registration of sentinel flock sites and wing band numbers 
 
Agencies must use the unique band numbers assigned to their district by CDPH each year. Prior 
to submitting any sentinel chicken blood samples to CDPH, each agency must ensure that each 
flock site and accompanying band numbers are registered online at: http://gateway.calsurv.org/. 
CDPH will only test samples if they are accompanied by the form “SENTINEL CHICKEN 
BLOOD – 2011” (MBVS-2) for each flock site, which includes the registered agency code, the 
registered site code (assigned by local agency), the wing band numbers assigned to that site, and 
date bled.  Also, the form should indicate any changes made and match the sample card 
exactly. 
 
3. Registration of mosquito sampling sites 
 
Registration of new sites used for collection of mosquitoes for virus testing may be accomplished 
by accessing the California Vectorborne Disease Surveillance Gateway 
http://gateway.calsurv.org/. Since 2010, the CalSurv Gateway has included enhanced spatial 
capabilities that allow users the option of directly entering geographic coordinates for sites or 
interactively selecting the location using a new Google Maps-based interface. The laboratory 
will test the pools provided that adequate information is provided on the “MOSQUITO POOL 
SUBMISSION” form (MBVS-3, revised 01/12/06), including your agency code, your site code 
for the site and geographic coordinates. 
 
The geographic coordinates will be used to generate computer maps that show all registered sites 
and test results for each site. Also, as part of a collaborative effort, CVEC will host real-time 
maps in ArcGIS format at http://maps.calsurv.org.  In addition to these maps, agencies can 
access maps using Google Earth through the California Vectorborne Disease Surveillance 
Gateway (http://gateway.calsurv.org) that provide enhanced functionality and detail.
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Appendix D:  Procedures for Testing Dead Birds and Squirrels  
 
In 2000, CDHS initiated a dead bird surveillance program in collaboration with other public 
agencies. CDPH annually notifies about 600 agencies, organizations, and veterinarians involved 
with wildlife, including rehabilitation centers, about the program. The public is also notified 
about the program through the media and outreach materials.  Dead birds and squirrels are 
reported to CDPH or data entered electronically through the Surveillance Gateway 
[http://gateway.calsurv.org/] and shipped to the California Animal Health & Food Safety 
(CAHFS) laboratory at UC Davis for screening and removal of kidney tissue (an oral swab is 
taken instead if the bird is an American Crow), which is then sent to the UC Davis Center for 
Vectorborne Diseases (CVEC) for WNV RNA detection via RT-PCR.  Beginning in 2010, 
results from RT-PCR testing at CVEC distinguished between WNV recent and chronic positive 
birds based on cycle threshold (Ct) values. Chronic positive birds did not likely die from WNV 
infection and are of limited value for surveillance. Overviews of the dead bird reporting and 
testing algorithms are provided below. 

 

Sick / Dead Bird Reporting Protocol for Public and Local Agencies 

Dead Bird Sick Bird 

CDPH Hotline / Web 

Wild Bird

CDFG

Disposal 

MVCA or local 
pick-up (AC etc.) 

AI testing 
(CAHFS)

WNV testing 

Wild Bird 

Local agency (AC, 
Rescue Group, 

CDFG, etc.) 

Domestic 
Poultry 

CDFA

B.I.R.D. System AUTOMATED 
EMAIL REPORTS

*

**

*       domestic poultry, designated spp. 
**    ≥ 5 birds, designated AI spp., water birds, shorebirds 
AC Animal Control 
AI Avian Influenza 
BIRD Bird Information Reporting Database (CDPH SQL Server) 
CAHFS CA Animal Health & Food Safety Laboratory 
CDFA California Department of Food & Agriculture: 
 California Bird Flu Hotline: 1-866-922-BIRD 
CDFG California Department of Fish & Game  
             http://www.dfg.ca.gov/regions/index.html 
CDPH California Department of Public Health 
 West Nile virus & Dead Bird hotline: 1-877-968-BIRD 
 website: www.westnile.ca.gov 
MVCA Mosquito & Vector Control Agency 
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Procedures for Testing Dead Birds: RT-PCR 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

For multiple bird die-offs, VBDS 
contacts CDFG. 

Found within 24 hours of death 
and meets testing criteria; zip 
code “open” for testing. 

Dead Bird Found: 
 

Call CDPH Vector-Borne Disease 
Section (1-877-WNV-BIRD) or go to 
http://www.westnile.ca.gov for more 
information.  Enter into Surveillance 
Gateway 
[http://gateway.calsurv.org/] 

Local agency obtains 
dead bird and delivers or 
ships on blue ice to  
CAHFS. 

VBDS contacts local agency to pick up 
dead bird, or coordinates for public drop-
off when appropriate. Information on 
dead bird is faxed/emailed to local 
agency and CAHFS. VBDS reports 
submission by county in weekly 
Arbovirus Bulletin. CAHFS screens specimen to verify 

carcass is in a testable condition, 
then notifies VBDS of status. 
CAHFS removes kidney 
tissue/takes oral swab for RT-PCR  
testing by CVEC. 

Report will be recorded 
and noted in weekly 
bulletin, forwarded to 
agencies. 

Key: 
 
CAHFS: CA Animal Health and Food Safety Laboratory 
CD:   Local Agency Communicable Disease Office 
CDFA:   CA Dept. of Food and Agriculture 
CDFG:   CA Dept. of Fish and GameCVEC:   UC Davis 
Center for Vectorborne Diseases 
MVCD:   Local Mosquito and Vector Control District 
USFWS:  US Fish and Wildlife Service 
VBDS:  CDHS Vector-Borne Disease Section, Richmond 
VPHS:   CDHS Veterinary Public Health Section, Sacramento 
IHC: Immunohistochemistry 

Negative Results: 
Submitting agency, 
CAHFS, local CD, 
local MVCD, 
CDFG, and other 
public agencies. 

Dead > 24hrs (e.g. 
stiff, presence of 
maggots); not a 
species targeted for 
testing. 

Laboratories enter test results into 
Surveillance Gateway 

VBDS sends dead bird 
results to:  

Positive Results: 
Submitting agency, CAHFS, 
VPHS, local CD, USFWS, 
CDFA, local MVCD, CDFG, 
and other public agencies. 
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Public reports dead bird to VBDS:
Is bird acceptable for  

West Nile virus (WNV) testing? 

Bird assigned state number  
and picked up by local agency or 

dropped off by public 

Dead bird reports available 
to agencies on request 

VBDS assigns primary identification 
Corvid or Non-Corvid? 

Corvid 

 

Send carcass to CAHFS; 
Tissue to CVEC;   
Results to CDPH 

Has local vector control agency 
 passed proficiency panel for VecTest or 

RAMP? 

 
 

Test oral swab  
by VecTest  
or RAMP 

Send  
carcass 

to CAHFS 

   

STOP, submit results to 
VBDS by Friday by  

4:00pm 

STOP, submit results to 
VBDS by Friday by  

4:00pm  

No

Yes 

Non-corvid 

No Yes 

Negative 
 

Negative 
Crow Positive 

CVEC = Center for Vectorborne Disease Research 
VBDS = Vector-Borne Disease Section, California Department of Public Health 
CAHFS = California Animal Health and Food Safety Laboratory 

VBDS 
 
Local Agencies 
 
 

Procedures for Testing Dead Birds: Rapid Assays 
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Dead Bird and Tree Squirrel Reporting and Submission Instructions for Local Agencies 
California West Nile Virus (WNV) Dead Bird & Tree Squirrel Surveillance Program 

California Department of Public Health (CDPH) 
Division of Communicable Disease Control 

 
 

When your agency receives a call from the public about a dead bird (especially recently dead 
crows, ravens, magpies, jays, or raptors) or dead tree squirrel, or one of your staff finds any dead 
bird, please immediately refer them to the CDPH West Nile Virus and Dead Bird Hotline at  
1-877-968-BIRD (2473).  
 
The Dead Bird Hotline is monitored 8am - 5pm, 7 days a week. CDPH will assess the 
suitability of the dead bird or tree squirrel for testing and contact your agency only if the carcass 
is approved for pickup.  Any carcasses sent without prior notification will not be tested. 
 
Only agencies listed under the permit issued to CDPH from the California Department of Fish & 
Game are authorized to pick up dead birds and tree squirrels. The agencies covered include local 
mosquito abatement districts, environmental health departments, and other designated agencies. 
 
Members of the public may salvage dead birds found on their property or place of residence. The 
public must first call the Dead Bird Hotline and obtain a Dead Bird Number; a 
corresponding public salvage submission form will then be faxed to the appropriate agency. The 
public will be instructed by the hotline staff to double-bag the carcasses and drop them off at the 
designated agency within 24 hours, between 9 am - 3 pm, Monday – Friday, and only in areas 
where local agencies are not picking up dead birds (e.g., closed zip codes), unless otherwise 
requested by the local agency. Note: only dead birds may be brought in by the public to local 
agencies for shipping. We discourage public salvage of all squirrels because ground 
squirrels, which could be infected with plague, may be misidentified as tree squirrels. 
 
web links:      bird and tree squirrel ID chart (pdf) tree squirrel surveillance Q&A (pdf) 
 
Once the submission is approved, your agency can ship the carcass to the California Animal 
Health & Food Safety laboratory at UC Davis (CAHFS Central).  CAHFS Central removes 
specific tissues and forwards the samples to the UC Davis Center for Vectorborne Diseases 
(CVEC) for WNV testing.  Shipping and testing expenses will be paid by CDPH.  Carcasses are 
considered Category B, Biological Substances.   This replaces the old designation, “Diagnostic 
Specimen”. 
 
 
To ensure the carcass arrives at CAHFS in a testable condition, to protect your safety, and to 
comply with shipping regulations, please follow these instructions: 
  

 Only dead birds and tree squirrels can be picked up under our permit.  
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 Wear rubber or latex gloves when handling all carcasses.  If gloves are not available, use 
a plastic bag -- turned inside out -- over your hand and invert the bag to surround the 
carcass.  Do not touch a carcass with bare hands.  

 
 Collect fresh carcasses.  Badly decomposed or scavenged carcasses are of limited 

diagnostic value.  Signs that a bird or squirrel has been dead for too long (over 24-48 
hours) are the presence of maggots, an extremely lightweight carcass, missing eyes, skin 
discoloration, skin or feathers that rub off easily, strong odor, or a soft, mushy carcass. 

 
 If upon pick-up the carcass is found to be unacceptable (e.g. a species your agency 

or CDPH is not accepting or a badly decomposed specimen), please collect the 
carcass, double-bag it, and dispose of it in a secure garbage can or dumpster.  
California Department of Fish & Game prefers that you burn or bury the carcass, but 
disposing of it in a dumpster is also acceptable.  Please call CDPH immediately and 
notify us that the animal will no longer be submitted. 

 
 Place each carcass into two sealed (zip-locked) plastic bags.  Double-bagging prevents 

cross-contamination and leakage. There should always be two bags separating the 
carcass from shipping documents.  

 
 Enclose the shipping documents into a SEPARATE ZIP-LOCK BAG.  The primary 

shipping document is a copy of the dead bird submission form which contains the dead 
bird number and which is located on the Surveillance Gateway 
[http://gateway.calsurv.org/] or faxed by CDPH. CAHFS prefers that you put this 
separate zip-lock bag inside the outer bag containing the dead bird or squirrel. 

 
 Pack the carcass with blue ice packs.  Please limit the number of ice packs to the 

number required to keep the carcass fresh, as the weight of extra ice packs add to the 
shipping charges.  In accordance to shipping regulations, an absorbent material such as 
newspaper must be included in the box to prevent any leakage. 

 
 Ship the carcass in a hard-sided plastic cooler or a styrofoam cooler placed in a cardboard 

box.  Unprotected styrofoam containers cannot be shipped without an outer box or 
container, as they may break into pieces during shipment. Contact UPS/GSO directly to 
arrange for carrier pickup Monday through Thursday; this guarantees arrival at 
CAHFS before the weekend. 

 
 Contact UPS to pick up carcasses either by web 

(https://wwwapps.ups.com/pickup/schedule?loc=en_US) or by phone 1-800-PICK UPS 
(1-800-742-5877). Select “UPS Next Day Air” and estimate the weight of the box 
(generally 10 lbs for a single large bird packed with ice).  Please DO NOT UNDER-
ESTIMATE the weight of a package. For billing, the UPS account number is: 23219W. 
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 Carcasses that need to be stored for an extended time period (over 2 days) should be put 
on dry ice or stored at -70ºC.  If it is not possible to store carcass at -70ºC, a carcass may 
be stored at 0ºC (regular freezer) for a short period of time.  Refrigerating the carcass is 
recommended for overnight storage only (this slows virus deterioration, but does not 
stop it).  

 
 CDPH will provide prepared shipping boxes with appropriate labels. Any empty boxes 

shipped to your agency from CDPH will have its caution labels covered by a sheet of 
paper with “EMPTY BOX” printed on it. Please discard this sheet of paper before using 
the box to ship out a dead bird. If you need additional boxes, please contact VBDS at 
(510) 412-6251 or email arbovirus@cdph.ca.gov.  

 
 Once West Nile virus is found in an area, agencies may test corvids via VecTest or 

RAMP assays.  While results can be entered directly into the Surveillance Gateway, 
please notify CDPH with results by 4:00pm Friday of each week to have results 
included in reports for the following week’s State WNV updates.  Reporting forms 
can be found at (http://www.westnile.ca.gov/resources.php).  Note: any positive bird 
must be disposed of as biomedical waste (incineration).   

Dead Bird Shipping List 
 
Please verify that your agency has the following items: 
 
 CAHFS Address (see below) 
 UPS preprinted labels 
 WNV hotline number (877-968-BIRD; manned 8am - 5pm, 7 days a week) 
 Crumpled newspapers or another absorbent material 
 Rubber or Latex Gloves 
 Packing tape 
 Dead Bird Shipping Boxes 

- inner zip-lock bag 
- outer zip-lock bag 
- inner styrofoam box 
- outer cardboard box 
- blue ice packs 

 
California Animal Health & Food Safety (CAHFS) laboratories: 
 
CAHFS Central (530) 754-7372   
ATTN: WNV        
Jacquelyn Parker       
University of California, Davis      
West Health Science Drive   
Davis, CA 95616    
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Appendix E: Procedures for Testing Equines and Ratites 
 
 The California Departments of Public Health (CDPH) and Food and Agriculture (CDFA) 
developed a cooperative passive surveillance program for equine and ratite encephalomyelitis.  
Primary responsibility for equine and ratite West Nile virus (WNV) surveillance rests with the 
CDFA.  Equine encephalomyelitides are legally reportable to CDFA by veterinarians and 
diagnostic laboratories pursuant to Section 9101 of the Food and Agricultural Code. Venezuelan 
equine encephalomyelitis is an emergency animal disease that must be reported to CDFA by 
telephone within 24 hours.  Eastern and western equine encephalomyelitis and WNV are a 
classified as conditions of regulatory importance and must be reported to CDFA within 2 days.  
 
This appendix contains information sent to veterinarians, public health lab directors, local health 
officers, public health veterinarians, animal health branch personnel, and interested parties every 
spring to inform them about the California Equine and Ratite Arbovirus Surveillance Program.  
The mailing includes a case definition for equine encephalomyelitides and instructions for 
specimen collection and submission for both equine and ratite samples.  The information is 
distributed to approximately 1,200 practitioners, equine organizations, and other interested 
parties.  Specimen submission is coordinated through the California Animal Health and Food 
Safety Laboratory System’s (CAHFS) and its 3 regional branches, and other laboratories or 
individual veterinarians.  Equine WNV serum and cerebrospinal fluid testing is performed by 
CAHFS, using the ELISA test for WNV IgM.  Equine neurologic tissue specimens are also sent 
to CAHFS for microscopic examination and as dictated by clinical findings, forwarded to the 
National Veterinary Services Laboratories (NVSL) for further arbovirus testing.  All fatal cases 
of equine encephalitides are first evaluated for rabies  at the local public health laboratory.  An 
algorithm outlining the protocol for specimen submission and reporting is available for 
participants in the program and is included in this appendix.   
 
Outreach is an important component of the program.  CDPH and CDFA have developed and 
distributed educational materials concerning the diagnosis and reporting of arboviruses in 
equines and ratites.  
 
Additional information on WNV for veterinarians, horse owners, and ratite owners, is available 
from CDFA, Animal Health Branch (916) 654-1447, and at the CDFA website: 
http://www.cdfa.ca.gov/AHFSS/Animal_Health/WNV_Info.html.  Information on submission of 
laboratory samples is available from CAHFS (530) 752-8700 and at CAHFS website: 
http://cahfs.ucdavis.edu.  A brochure containing facts about California WNV surveillance and 
general information about prevention and control is available from CDPH (916) 552-9730 and at 
CDPH’s website: http://www.westnile.ca.gov; a special section for veterinarians and horse 
owners is available at: http://www.westnile.ca.gov/resources.php.
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Algorithm for Submission of Specimens from 
Domestic Animals with Neurologic Symptoms 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                      
 
 

 
 
 
 

Submit horse 
brain to local 
public health 
lab for rabies 
testing 

If rabies negative and viral 
encephalitis still suspected, 
brain sent to CAHFS for 
microscopic examination and 
WNV testing.  Some 
arboviruses will be tested at 
NVSL or other diagnostic lab. 
Questions/Shipping 
Information:  Call CAHFS at 
(530) 752-8700 or 
CDPH/VPHS at (916) 552-
9740. CAHFS or other diagnostic lab 

reports results to submitter.  
Positive results reported by phone 
or email to CDFA. A copy of the 
report is sent to CDPH/VPHS. 

Species: 
Horse 
Emu 

Ostrich 
Other 

Alive Dead 

Send acute and convalescent sera or 
CSF to CAHFS or other diagnostic 
lab for arbovirus serologic testing 
including the WNV IgM Capture 
ELISA test.  Some arboviruses will 
be tested at NVSL or other 
diagnostic lab.  If questions, call 
CAHFS at (530) 752-8700. 

Submit carcass to CAHFS 
for necropsy / histopath.  
Questions/Shipping 
Information:  Call CAHFS 
at (530) 752-8700. 

Key: 
CAHFS: California Animal Health and Food Safety Laboratory 
NVSL: National Veterinary Services Laboratory 
VPHS:  CDPH Veterinary Public Health Section 
VBDS: CDPH Vector-Borne Disease Section 
CDFA: California Department of Food and Agriculture 
CDPH: California Department of Public Health 

CDFA conducts investigation of 
lab-positive case. CDPH/VPHS 
reports preliminary results to 
CDPH/VBDS for notification of 
local agencies.  
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SURVEILLANCE CASE DEFINITIONS FOR WEST NILE VIRUS 
DISEASE IN EQUINES 

 
 
 
 
 
CONFIRMED CLINICAL CASE: 
 
A horse with compatible clinical signs including ataxia (stumbling, staggering, wobbly gait, or 
in-coordination) or at least two of the following: fever, circling, hind limb weakness, inability to 
stand, multiple limb paralysis, muscle fasciculation, proprioceptive deficits, blindness, lip 
droop/paralysis, teeth grinding, acute death. 
 
Plus one or more of the following: 

 Isolation of West Nile (WNV) virus from tissues1 
 Detection of IgM antibody to WNV by IgM-capture ELISA in serum or CSF 
 An associated 4-fold or greater change in plaque-reduction neutralization test (PRNT) 

antibody titer to WNV in appropriately timed2, paired sera 
 Positive polymerase chain reaction (PCR)3 for WNV genomic sequences in tissues1 
 Positive IHC for WNV antigen in tissue (Note: this test has low sensitivity in equids) 

 
SUSPECT CLINICAL CASE4:  
 

 Compatible clinical signs 
 
EXPOSED EQUID: 
 

 Detection of IgM antibody to WNV by IgM-capture ELISA in serum or CSF without any 
observable or noted clinical signs. 

 
Assumptions on which case definition is based: 

 Antibody in serum may be due to vaccination or a natural exposure; additional testing 
must be done to confirm WNV infection in a vaccinated horse. 

 IgM antibody in equine serum is relatively short-lived; a positive IgM-capture ELISA 
means exposure to WNV or rarely a closely related flavivirus (SLE) has occurred, very 
likely within the last three months. 

 
 
1 Preferred diagnostic tissue are equine brain or spinal cord; although tissues may include blood or CSF, the only known reports 
of WNV isolation or positive PCR from equine blood or CSF have been related to experimentally infected animals.   
2 The first serum should be drawn as soon as possible after onset of clinical signs and the second drawn at least seven days after 
the first. 
3 For horses it is recommended that RT-nested polymerase chain reaction assay be used to maximize sensitivity of the test 
(Emerg. Infect. Dis. 2001 Jul-Aug; 7(4):739-41) 
4An equine case classified as a suspect case should, if possible, undergo further diagnostic testing 
to confirm or rule out WNV as the cause of the clinical illness. 

NOTE: A HORSE WITH SIGNS OF ENCEPHALITIS MAY HAVE 
RABIES – TAKE PROPER PRECAUTIONS
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Protocol for Submission of Laboratory Specimens for 
Equine Neurological Disease Diagnosis and Surveillance 

 
 
 

 
1. Specimen collection and submission: 

A. Blood   
 Acute sample (5-10 ml) / no later than 7 days after onset 
 Convalescent sample (5-10 ml) / 14-21 days after onset  

Red top tubes of whole blood or serum (no preservatives or anticoagulants) 
should be submitted at ambient temperature to the California Animal   Health 
and Food Safety (CAHFS) Laboratory* in your area.  Do not freeze whole 
blood.   

 NOTE: For WNV, an acute sample only is required since the assay used 
detects IgM (and vaccine does not interfere). For the other encephalitis 
viruses, the acute sample should be submitted immediately, and a 
convalescent sample may be requested later to assist with the interpretation 
and differentiation of vaccine titers from active infection. 

B. Brain  
 The local health department and CDFA/Animal Health District Office should 

be contacted if rabies is suspected. 
 All equine specimens submitted to local public health laboratories for rabies 

testing and found to be negative, should be sent to CAHFS for arbovirus 
testing. 

 Submission of the intact head is preferable because:  1) brain is better 
preserved (anatomically and virus titer) when left in the skull during transport, 
2) specimens will be ruined if removal is not done correctly, and 3) brain 
removal in field conditions may increase the risk of exposure to rabies. 

 The intact head should be chilled (refrigerated, not frozen) immediately 
after removal.  Submit it to a CAHFS Laboratory* in your area as 
quickly as possible.  Prepare a leak-proof insulated transporting container 
with "cold packs" to keep the specimen at 4o C while in transit.  When it is 
impossible for the CAHFS Laboratory to receive the chilled intact head within 
48 hours, the submission protocol should be coordinated with the laboratory. 

 Specimens will then be forwarded by CAHFS to:  1) a Public Health 
Laboratory to confirm or rule out rabies, and 2) The National Veterinary 
Services Laboratories (NVSL) for arboviral testing.  In addition, brain will be 
examined microscopically for changes compatible with viral encephalitis or 
other causes of neurologic disease.  

 C. Other specimens for differential neurological diagnoses  
 Protocol for submission of serum, CSF or carcasses may be coordinated 

through CAHFS*. Protocol for submission of these specimens may be 
coordinated through the CAHFS Laboratory, and may include sampling for 

Complete information on specimen collection and submission is available on the CDFA 
website at: http://www.cdfa.ca.gov/ahfss/Animal_Health/WNV_Lab_Submission.html  
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equine herpesvirus, EPM, or other agents associated with clinical 
neurological presentations. 

 
2. Submission forms:  Complete and include the transmittal forms supplied by CAHFS.  

Call 530-752-8700 or visit the CAHFS website at http://cahfs.ucdavis.edu.  It is critical 
that each specimen submission form be completed in its entirety, including the horse’s 
clinical signs, vaccination history, and location during the two weeks prior to onset. The 
submittal form for each specimen should be placed in a leak-proof plastic bag. The 
specimen is collected in a leak proof plastic tube or bag and then placed in to a secondary 
leak proof plastic bag. The submission form is then attached to the corresponding 
container and  shipped to CAHFS. 

3. Shipment:  Check with the CAHFS Laboratory in your area for assistance with shipping 
regulations governing the transportation of infectious materials.  
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Appendix F: Protocol for Submission of Laboratory Specimens 
for Human West Nile Virus Testing 

 
West Nile virus (WNV) testing within the regional public health laboratory network (i.e., the 
California Department of Public Health Viral and Rickettsial Disease Laboratory and 
participating local public health laboratories) is recommended for individuals with the following 
symptoms, particularly during West Nile virus “season,” which typically occurs from July 
through October in California: 
 

A. Encephalitis 
B. Aseptic meningitis (Note: Consider enterovirus for individuals  18 years of age) 
C. Acute flaccid paralysis; atypical Guillain-Barré Syndrome; transverse myelitis; or 
D. Febrile illness* 

- Illness compatible with West Nile fever and lasting  7 days 
- Must be seen by a health care provider 
------------------------------------------------------------------------------------------------------------ 
* The West Nile fever syndrome can be variable and often includes headache and fever 

(T ≥ 38°C). Other symptoms include rash, swollen lymph nodes, eye pain, nausea, or 
vomiting. After initial symptoms, the patient may experience several days of fatigue 
and lethargy. 

 
 
Required specimens: 
 

 Acute serum:  2cc serum  

 
If a lumbar puncture is performed and residual CSF is available: 
 

 Cerebral spinal fluid (CSF): 1-2cc CSF for further testing at CDC (N.B. these results 
may not be available for several weeks) 

 
If West Nile virus is highly suspected and acute serum is negative or inconclusive, request:  

 
 2nd serum:  2cc serum collected 3-5 days after acute serum 

 
 

Contact your local health department for instructions on where to send specimens. 
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Appendix G: Surveillance Case Definition for 
West Nile Virus Infection in Humans 

 
West Nile virus infection is reportable to local health departments under Title 17 of the 
California Code of Regulations. Below is the case definition for West Nile virus disease as 
summarized by the Centers for Disease Control and Prevention (CDC) [available at 
http://www.cdc.gov/ncidod/dvbid/westnile/clinicians/surveillance.htm#casedef].  Blood donors 
that test positive for West Nile virus through blood bank screening should also be reported to 
CDPH, regardless of clinical presentation. 
 
CASE DEFINITION: West Nile Virus 
 
NOTE: This definition is for public health surveillance purposes only. It is not intended for use 
in clinical diagnosis. 
 
Clinical Description 
Arboviral infections may be asymptomatic or may result in illnesses of variable severity 
sometimes associated with central nervous system (CNS) involvement. When the CNS is 
affected, clinical syndromes ranging from febrile headache to aseptic meningitis to encephalitis 
may occur, and these are usually indistinguishable from similar syndromes caused by other 
viruses. Arboviral meningitis is characterized by fever, headache, stiff neck, and pleocytosis. 
Arboviral encephalitis is characterized by fever, headache, and altered mental status ranging 
from confusion to coma with or without additional signs of brain dysfunction (e.g., paresis or 
paralysis, cranial nerve palsies, sensory deficits, abnormal reflexes, generalized convulsions, and 
abnormal movements).  
 
Laboratory Criteria for Diagnosis 

 Fourfold or greater change in virus-specific serum antibody titer, or  
 Isolation of virus from or demonstration of specific viral antigen or genomic sequences in 

tissue, blood, cerebrospinal fluid (CSF), or other body fluid, or  
 Virus-specific immunoglobulin M (IgM) antibodies demonstrated in CSF by antibody-

capture enzyme immunoassay (EIA), or  
 Virus-specific IgM antibodies demonstrated in serum by antibody-capture EIA and 

confirmed by demonstration of virus-specific serum immunoglobulin G (IgG) antibodies 
in the same or a later specimen by another serologic assay (e.g., neutralization or 
hemagglutination inhibition).  

Case Classification 
 Probable: An encephalitis or meningitis case occurring during a period when arboviral 

transmission is likely and with the following supportive serology: 1) a single or stable 
(less than or equal to twofold change) but elevated titer of virus-specific serum 
antibodies; or 2) serum IgM antibodies detected by antibody-capture EIA but with no 
available results of a confirmatory test for virus-specific serum IgG antibodies in the 
same or a later specimen.  

 Confirmed: An encephalitis or meningitis case that is laboratory confirmed.  
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Comment 

 Because closely related arboviruses exhibit serologic cross-reactivity, positive results of 
serologic tests using antigens from a single arbovirus can be misleading. In some 
circumstances (e.g., in areas where two or more closely related arboviruses occur, or in 
imported arboviral disease cases), it may be epidemiologically important to attempt to 
pinpoint the infecting virus by conducting cross-neutralization tests using an appropriate 
battery of closely related viruses. This is essential, for example, in determining that 
antibodies detected against St. Louis encephalitis virus are not the result of an infection 
with West Nile (or dengue) virus, or vice versa, in areas where both of these viruses 
occur.  

 The seasonality of arboviral transmission is variable and depends on the geographic 
location of exposure, the specific cycles of viral transmission, and local climatic 
conditions.  

Asymptomatic West Nile Virus Infection: Asymptomatic infection with WNV, which is 
generally identified in blood donors, is also reportable. WNV-positive blood donors detected by 
blood banks are reported directly to local health departments. Blood donors who test positive for 
WNV may not necessarily be ill, nor will they initially have positive IgM or IgG antibody test 
results. Local health departments should report blood donors who meet the following criteria for 
being a presumptively viremic donor to CDPH: 
 

A presumptively viremic donor (PVD) is a person with a blood donation that meets at least 
one of the following criteria: 
 

a) One reactive nucleic acid-amplification (NAT) test with signal-to-cutoff (S/CO) ≥ 17 
b) Two reactive NATs 

 
Additional serological testing is not required. Local health departments should follow up with the 
donor after two weeks of the date of donation to assess if the patient subsequently became ill. If 
the donor did become ill as a result of WNV infection, an updated case report form should be 
sent to CDPH so that the blood donor may be reclassified as a clinical case. 
 
---------------------------------------------------------------------------------------------------------------------
Note: Due to the continued risk of unintentional or intentional introduction of exotic arboviruses 
into the United States (e.g., Venezuelan equine encephalitis virus), or the reemergence of 
indigenous epidemic arboviruses (e.g., St. Louis encephalitis and western equine encephalitis 
viruses), physicians and local public health officials should maintain a high index of clinical 
suspicion for cases of potential exotic or unusual arboviral etiology, and consider early 
consultation with arboviral disease experts at state health departments and CDC.  
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Appendix H: Compounds Approved for Mosquito Control in California 
 
Label rates and usage vary from year to year and geographically; consult your County 
Agricultural Commissioner and the California Department of Fish and Game before application. 
Examples of products containing specific active ingredients are provided below, but this is not an 
inclusive list nor constitutes product endorsement.  For more information on pesticides and 
mosquito control, please refer to the Environmental Protection Agency (EPA) Web site: 

http://www.epa.gov/opp00001/factsheets/westnile.htm 
 
Larvicides: 
1. Bacillus thuringiensis subspecies israelensis (Bti:  e.g. Aquabac 200G, VectoBac 12AS, 

Teknar HP-D) 
  Use: Approved for most permanent and temporary bodies of water. 
  Limitations: Only works on actively feeding stages. Does not persist well in the water 

column. 
 
2. Bacillus sphaericus (Bs: e.g. VectoLex CG) 
  Use: Approved for most permanent and temporary bodies of water. 

Limitations: Only works on actively feeding stages. Does not work well on all species. May 
persist and have residual activity in some sites. 
 

3. Spinosad (e.g. NatularTM G30) 
Limitations:  Effective against all larval stages and moderately effective against pupal stage.  
Toxic via ingestion and contact.  Some formulations approved for use in OMRI certified 
organic crops. 

 
4. IGRs (Insect Growth Regulators) 
  a. (S)-Methoprene (e.g. Altosid Pellets) 
  Use: Approved for most permanent and temporary bodies of water. 
  Limitations: Works best on older instars. Some populations of mosquitoes may show some 

resistance. 
  b. Diflurobenzamide (e.g. Dimilin25W) 
  Use: Impounded tail water, sewage effluent, urban drains and catch basins. 
  Limitations: Cannot be applied to wetlands, crops, or near estuaries. 
 
5. Larviciding oils (e.g. Mosquito Larvicide GB-1111) 
  Use: Ditches, dairy lagoons, floodwater. Effective against all stages, including pupae. 
  Limitations: Consult with the California Department of Fish and Game for local restrictions. 
 
6. Monomolecular films (e.g. Agnique MMF) 
  Use: Most standing water including certain crops. 
  Limitations: Does not work well in areas with unidirectional winds in excess of ten mph. 
 
7. Temephos (e.g. Abate® 2-BG) 
  Use: Non-potable water; marshes; polluted water sites 
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  Limitations: Cannot be applied to crops for food, forage, or pasture.  This material is an 
organophosphate compound and may not be effective on some Culex tarsalis populations in 
the Central Valley.  May require sampling and testing per General Vector Control NPDES 
permit requirements if applied to waters of the United States. 

 
Adulticides: 
1. Organophosphate compounds 
  Note: Many Culex tarsalis populations in the Central Valley are resistant at label OP 

application rates. 
   a. Malathion (e.g. Fyfanon ULV) 

Use: May be applied by air or ground equipment over urban areas, some crops 
including rice, wetlands.
Limitations: Paint damage to cars; toxic to fish, wildlife and bees; crop residue 
limitations restrict application before harvest. 

   b. Naled (e.g. Dibrom Concentrate, Trumpet EC) 
Use: Air or ground application on fodder crops, swamps, floodwater, residential areas. 

        Limitations: Similar to malathion. 
    
2. Pyrethrins (natural pyrethrin products: e.g. Pyrenone Crop Spray, Pyrenone 25-5, 

Evergreen) 
  Use: Wetlands, floodwater, residential areas, some crops. 
  Limitations: Do not apply to drinking water, milking areas; may be toxic to bees, fish, and 

some wildlife.  Some formulations with synergists have greater limitations. 
 
3. Pyrethroids (synthetic pyrethrin products containing deltamethrin, cyfluthrin, permethrin, 

resmethrin, sumithrin or etofenprox: e.g. Suspend SC, Tempo Ultra SC, Aqua-Reslin, 
Scourge Insecticide, Anvil 10+10 ULV, Zenivex E20, and Duet – which also contains 
the mosquito exciter prallethrin) 

  Use: All non-crop areas including wetlands and floodwater. 
  Limitations: May be toxic to bees, fish, and some wildlife; avoid treating food crops, 

drinking water or milk production.
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PESTICIDES USED FOR MOSQUITO CONTROL IN CALIFORNIA 

 
Larvicides 

 

Active Ingredient 
 

Trade 
name 

EPA 
Reg. 
No. 

 
Mfgr. 

 
Formulation 

 
Application 

Pesticide 
classification 

Bacillus sphaericus, 
(Bs) 

VectoLex CG 73049-20 
Valent 

BioSciences 
Granule Larvae Biorational 

Bacillus sphaericus, 
(Bs) 

VectoLex 
WDG 

73049-57 
Valent 

BioSciences 
Water dispersible 

granule 
Larvae Biorational 

Bacillus sphaericus, 
(Bs) 

VectoLex 
WSP 

73049-20 
Valent 

BioSciences 
Water soluble 

packet 
Larvae Biorational 

Bacillus thuringiensis 
var. israelensis (Bti) 

VectoBac 
12AS 

73049-38 
Valent 

BioSciences 
Liquid Larvae Biorational 

Bacillus thuringiensis 
var. israelensis (Bti) 

VectoBac G  73049-10 
Valent 

BioSciences 
Granule Larvae Biorational 

Bacillus thuringiensis 
var. israelensis (Bti) 

VectoBac 
Tech. Powder 

73049-13 
Valent 

BioSciences 
Technical powder Larvae Biorational 

Bacillus thuringiensis 
var. israelensis (Bti) 

Aquabac 
200G 

62637-3 
Becker 

Microbial 
Granule 

 
Larvae Biorational 

Bacillus thuringiensis 
var. israelensis (Bti) 

Bactimos 
PT 

73049-452 
Valent 

BioSciences 
Granular flake Larvae Biorational 

Bacillus thuringiensis 
var. israelensis (Bti) 

Teknar HP-D 73049-404 
Valent 

BioSciences 
Liquid Larvae Biorational 

Bti / Bs combination 
Vectomax G, 

CG, WSP 
73049-429 

Valent 
BioSciences 

Granular and water 
soluble packet 

Larvae Biorational 

Bti / Bs combination 
Fourstar 

Briquettes 
83362-3 

Fourstar 
Microbials 

LLC 
Briquette Larvae Biorational 

Bti / Bs combination Fourstar SBG 85685-1 
Fourstar 

Microbials 
LLC 

Granule Larvae Biorational 

Spinosad Natular 2EC 8329-82 Clarke Liquid concentrate 
Larvae and 

pupae 
Biorational 

Spinosad Natular G 8329-80 Clarke Granule 
Larvae and 

pupae 
Biorational 

Spinosad 
Natural G30 

and XRG 
8329-83 Clarke Granule 

Larvae and 
pupae 

Biorational 

Spinosad Natular T30 8329-85 Clarke Tablet 
Larvae and 

pupae 
Biorational 

Spinosad Natular XRT 8329-84 Clarke Tablet 
Larvae and 

pupae 
Biorational 

Monomolecular film 
Agnique 

MMF 
53263-28 Cognis Corp. Liquid 

Larvae and 
pupae 

Surface film 

Monomolecular film 
Agnique 
MMF - G 

53263-30 Cognis Corp. Granular 
Larvae and 

pupae 
Surface film 

Petroleum oil GB-1111 8329-72 Clarke Liquid 
Larvae and 

pupae 
Surface film 

Dimilin Dimilin 25W 400-465 
Uniroyal 
Chemical 

Wettable powder Larvae IGR 

S-Methoprene Altosid ALL 2724-446 
Wellmark-

Zoecon 
Liquid concentrate Larvae IGR 

S-methoprene 
Altosid 
Briquets 

2724-375 
Wellmark-

Zoecon 
Briquet Larvae IGR 

S-methoprene 
Altosid 
Pellets 

2724-448 
Wellmark-

Zoecon 
Pellet-type 
granules 

Larvae IGR 
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S-methoprene Altosid SBG 2724-489 
Wellmark-

Zoecon 
Granule Larvae IGR 

S-methoprene Altosid XR-G 2724-451 
Wellmark-

Zoecon 
Briquet Larvae IGR 

Temephos Abate 2-BG 8329-71 Clarke Granule Larvae OP 

Temephos 
5% Skeeter 

Abate 
8329-70 Clarke Granule Larvae OP 
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PESTICIDES USED FOR MOSQUITO CONTROL IN CALIFORNIA 
 

Adulticides  
 

Active Ingredient 
 

Trade 
name 

EPA 
Reg. 
No. 

 
Mfgr. 

 
Formulation

 
Application 

 
Pesticide 

classification

Malathion Fyfanon ULV 67760-34 Cheminova Liquid Adults OP 

Naled Dibrom 
Concentrate 

5481-480 AMVAC Liquid Adults OP 

Naled Trumpet EC 5481-481 AMVAC Liquid Adults 
OP 
 

Prallethrin 
Duet Dual 
Action 
Adulticide 

1021-1795 Clarke Liquid Adults Pyrethroid 

Deltamethrin Suspend SC 432-763 Aventis Liquid Adults Pyrethroid 

Cyfluthrin 
Tempo SC 
Ultra 

432-1363 Bayer Liquid Adults Pyrethroid 

Permethrin Aqua-Reslin 432-796 Bayer Liquid Adults Pyrethroid 

Permethrin Biomist 4+12 
ULV 

8329-34 Clarke Liquid Adults Pyrethroid 

Permethrin Permanone 
Ready-To-Use 

432-1277 Bayer Liquid Adults Pyrethroid 

Pyrethrins Pyrenone 25-
5 

432-1050 Bayer Liquid Adults Pyrethroid 

Pyrethrins Pyrenone 
Crop Spray 

432-1033 Bayer Liquid Adults Pyrethroid 

Pyrethrins Pyrocide 
7396 

1021-1569 MGK Liquid Adults Pyrethroid 

Resmethrin 
Scourge 
Insecticide 
(4%) 

432-716 Bayer Liquid Adults Pyrethroid 

Resmethrin 
Scourge 
Insecticide 
(18%) 

432-667 Bayer Liquid Adults Pyrethroid 

Sumithrin Anvil 10+10 
ULV 

1021-1688 Clarke Liquid Adults Pyrethroid 

Etofenprox Zenivex E20 2724-791 
Wellmark, 
Intl. 

Liquid Adults Pyrethroid 

Lambda-cyhalothrin Demand CS 100-1066 Syngenta Liquid Adults Pryethroid 
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Appendix I:  Adult Mosquito Control in Urban Areas 
 

Adult mosquito control via ultra low volume (ULV) application is an integral part of an 
integrated mosquito management program.  This response plan recommends the consideration of 
adult mosquito control to break local virus transmission cycles and reduce the risk of human 
infection. The following provides guidelines for local agencies considering ground or aerial ULV 
control of adult mosquitoes. 
 
Preparatory steps for aerial application contracts 
 

 Send out request for proposals (RFP) to commercial applicators well in advance of any 
potential need for actual treatment. Specify required equipment and abilities in the RFP 
such as: 1) application equipment capable of producing desired droplet spectrum and 
application rate, 2) aircraft availability time frames, and 3) the demonstrated ability to 
apply the chosen product to the target area in accordance with label requirements.   

 Outline the desired capabilities and equipment within the RFP such as: 1) onboard real 
time weather systems, and 2) advanced onboard drift optimization and guidance software.  

 Determine in advance whether the vector control agency or contractor will secure and 
provide pesticides. If the contractor will supply the pesticide, verify their knowledge of 
and ability to comply with regulations regarding the transport, use, and disposal of all 
pesticide and containers. 

 Enter into a contingency contract with the commercial applicator. 
 Consider acquiring non-owned, multiple engine aircraft insurance with urban application 

endorsement for added protection. 
 Determine product and application rate to be used, along with a contingency plan. The 

product choice may be subject to change depending on product availability, the 
determination of resistance, labeling restrictions, environmental conditions, or other 
unforeseen factors. 

 
Preparatory steps for ground-based applications 
 

 Ensure that application equipment has been properly calibrated and tested for droplet size 
and flow rate. The vector control agency should have enough equipment, operators, and 
product available to finish the desired application(s) between sunset and midnight, or 
within 2-3 hours pre-sunrise (or when mosquitoes are demonstrated to be most active) to 
maximize efficacy. 

 Ensure that vehicles are equipped with safety lighting and appropriate identifying signs; 
use sufficient personnel. 

 Contact local law enforcement and provide them with locations to be treated and 
approximate time frames. 

 Consider using lead and trailing vehicles particularly if the area has not been treated 
before and personnel are available. 

 
Implementing an aerial application contract 
 

 Contact commercial applicator and determine availability. 
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 Review long-term weather forecasts. Ideally applications should be scheduled during 
periods of mild winds to avoid last minute cancellations. 

 
 Contractor should: 
 

o Contact Local Flight Standards District Office (FSDO) for low flying waiver. 
o Arrange for suitable airport facilities. 
o Contact local air traffic control. 
o Locate potential hazards prior to any application and implement a strategy to 

avoid those hazards during the application – often in darkness. 
o Provide equipment and personnel for mixing and loading of material (if 

previously agreed upon in contract). 
o Register with applicable County Agricultural Commissioners office. 

 
 Vector control agency should: 
 

o Delineate treatment block in a GIS format and send to contractor. 
o Identify areas that must be avoided during an application and include detailed 

maps of those areas to contract applicators (e.g. open water, registered organic 
farms, any area excluded by product label). 

o Send authorization letter to FSDO authorizing contractor to fly on the agency's 
behalf; contractor should provide contact information and assistance. 

o Send map of application area and flight times / dates to local air traffic control; 
contractor should provide contact information and assistance. 

o Consult with County Agricultural Commissioners office. Commissioner's office 
can provide guidance on contacting registered bee keepers and help identify any 
registered organic farms that may need to be excluded from application. 

o If vector control agency is providing material, ensure adequate quantity to 
complete mission and that the agency has means to transport material. 

 
Efficacy evaluation for aerial or ground based application 

 
 Choose appropriate method(s) for evaluating efficacy of application  

o Determine changes in adult mosquito population via routine surveillance. 
o Conduct three day pre and post-trapping in all treatment and control areas. 
o Set out bioassay cages with wild caught and laboratory reared (susceptible) 

mosquitoes during application. 
 Ensure adequate planning so surveillance staff is available and trained, equipment is 

available, and trap / bioassay cage test locations are selected prior to application. 
 Ensure efficacy evaluation activities are timed appropriately with applications. 
 Enlist an outside agency such as CDPH and/or university personnel to help evaluate 

efficacy of application as appropriate. 
 

Actions at time of application 
 
 Confirm application rate with contractor. 
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 Confirm treatment block. 
 Coordinate efficacy evaluations. 

 
Public notification 
 
Notification of the public prior to a mosquito control pesticide application by a vector control 
agency signatory to a Cooperative Agreement with CDPH, or under contract for such agency is 
not a legal requirement in California (California Code of Regulations – Title 3: Food and 
Agriculture: Division 6. Pesticides and Pest Control Operations:  Section 6620a).  However, 
public notification of pending adult mosquito control is recommended as early as possible prior 
to the treatment event. 
 
Basic notification steps 

 
 Provide notification of pending application as early as possible. 
 Post clearly defined treatment block map online or through appropriate media outlet. 
 Post product label and material safety data sheet (MSDS) online or through appropriate 

media outlet. 
 Post and/or have available scientific publications regarding the efficacy of aerial or 

ground based applications (as appropriate), including effects on non-target organisms and 
risk-assessments. 

 
Public relations considerations 
 

 Ensure staffing is adequate to handle a significant increase in phone calls. 
 Ensure website capability is adequate to handle a rapid increase in visitors. 
 Train personnel answering phones to address calls from citizens concerned about 

personal and environmental pesticide exposure.  
 Ensure adequate follow-through for calls related to sporting events, concerts, weddings, 

and other outdoor events that may be scheduled during the application and within the 
treatment block 
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Appendix J:  Websites Related to Arbovirus Surveillance, Mosquito Control, Weather 
Conditions and Forecasts, and Crop Acreage and Production in California 
 
 

Website URL Available information

California West Nile Virus Website http://westnile.ca.gov 

Up to date information on the spread of 
West Nile virus throughout California, 
personal protection measures, online dead 
bird reporting, bird identification charts, 
mosquito control information and links, 
clinician information, local agency 
information, public education materials. 

UC Davis Center for Vectorborne Diseases   http://cvec.ucdavis.edu/ 
Frequently updated reports and interactive 
maps on arbovirus surveillance and 
mosquito occurrence in California. 

Mosquito and Vector Control Association of 
California 

http://www.mvcac.org 
News, membership information, event 
calendars, and other topics of interest to 
California’s mosquito control agencies. 

California Vectorborne Disease Surveillance 
Gateway 

http://gateway.calsurv.org 
Data management system for California’s 
mosquito control agencies. 

California Data Exchange Center http://cdec.water.ca.gov 

Water-related data from the California 
Department of Water Resources, including 
historical and current stream flow, snow 
pack, and precipitation information. 

UC IPM Online http://www.ipm.ucdavis.edu 

Precipitation and temperature data for 
stations throughout California; also allows 
calculation of degree-days based on user-
defined data and parameters. 

National Weather Service – Climate Prediction 
Center 

http://www.cpc.ncep.noaa.gov
/products/predictions/ 

Short-range (daily) to long-range (seasonal) 
temperature and precipitation forecasts.  
Also provides El Niño-related forecasts. 

California Agricultural Statistics Service http://www.nass.usda.gov/ca/ 

Crop acreage, yield, and production 
estimates for past years and the current 
year’s projections.  Reports for particular 
crops are published at specific times during 
the year – see the calendar on the website. 

US Environmental Protection Agency –
Mosquito Control 

http://www.epa.gov/pesticides
/factsheets/skeeters.htm 

Describes the role of mosquito control 
agencies and products used for mosquito 
control. 

US Centers for Disease Control and Prevention 
– West Nile Virus  

http://www.cdc.gov/ncidod/dv
bid/westnile/index.htm 

Information on the transmission of West 
Nile virus across the United States, viral 
ecology and background on WNV, and 
personal protection measures in various 
languages.  

 
Reference List 

 

Biggerstaff,BJ. 2003. Pooled infection rate. 
http://www.cdc.gov/ncidod/dvbid/westnile/software.htm : 1-5. 
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CRITERIA FOR USE OF PESTICIDES, LARVACIDES, AND EQUIPMENT ON  

SAN PABLO BAY NWR 

(APPLIES TO ALL COUNTIES ON THE REFUGE, DEVELOPED BY MARIN/SONOMA MOSQUITO 

AND VECTOR CONTROL DISTRICT) 

 

PESTICIDE USE CRITERIA 

 
X = Do Not Use!!!          X= Do Not Use!!!          X= Do Not Use!!!          X= Do Not Use!!!          X= Do Not Use!!!                   X 

Conditions Oil Liquids Granules Fish 

Altosid BTI BS Altosid BTI BS 
Larval Instar 1st –2nd  X   X    

Larval Instar 4th-pupae   X   X   
Fresh Water         

Brackish Water        * 
Low Organic Load         
High Organic Load  X X  X X  * 

Emergent Vegetation < 50%         
Emergent Vegetation > 50%         

Predators Not Abundant         
Predators Abundant X       ** 

Endangered Species Absent         
Endangered Species Present X       ** 

 
* need to acclimate fish 
** have biologist evaluate before stocking  
 
BTI = Bacillus thuringiensis var israelensis 

BS = Bacillus sphaericus 
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LARVAL SOURCE TREATMENT CRITERIA 

 

Species Distance To Populated Area Total L/P Density and Other Factors 
Ae. dorsalis 0 yds – 2 miles 1 per 10 dips and source ¼ acre or more 

Ae. squamiger 0 – 20 miles 1 per 10 dips and source ¼ acre or more 
Ae. washinoi 0 – 1 mile 1 per 10 dips and source ¼ acre or more 

Cx. erythrothorax 0 – 500 yds 1 per dip 
Cx. pipiens 0 – 1 mile 1 per 10 dips 

Cx. stigmatosoma 0 – 2 miles 1 per 10 dips 
Cx. tarsalis 0 – 2 miles 1 per 10 dips 
Cs. incidens 0 – 1 mile 1 per 10 dips 
Cs. inornata 0 – 1 mile 1 per 10 dips and source > ½ acre 
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EQUIPMENT CRITERIA 
 
 
 

ITEM     CRITERIA FOR TREATMENT 

 
Argo  w/cluster nozzle   2 acres or more 
      Non-drivable terrain 
      Light to moderately dense vegetation 
      Foot access hazardous (e.g. cracks etc.) 
 
Argo  w/Herd  Seeder   2 acres or more 
      Non-drivable terrain 
      Moderate to very thick vegetation 
 
Argo  w/hose reel     2 acre or more 
      Spray gun sufficient to treat target area 
 
4x4 w/hose reel     .25 acres or greater 
      Drivable terrain accessible by 4x4 
      Foot access safe 
      Sparse to moderate vegetation 
 
Honda ATV w/power sprayer   .25 acres or greater with acceptable access 
      Light to moderate vegetation 
      Off all public roads 
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ATV bridges w/Argo  or Honda   To be used with the ATV’s to cross ditches  
      in marshes or pastures 
 
Microgen  and Colt  Handheld  < 20 acres 
ULV generators    Foot access 
      Wind < 8 mile/hr. 
 
Microgen  and Becomist  Truck   > 20 acres  
mounted ULV generators   No 4x4 access 
      Wind > 2 mi/hr and < 8 mi/hr 
 
Microgen  and Becomist  4x4   > 20 acres 
mounted  ULV generators   Vehicle access 
      Wind > 2 mi/hr and < 8 mi/hr 
 
Backpack Blower    Walk able terrain 
      Dense vegetation 
 
Lite Foot      > 5 acres 
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AERIAL TREATMENT CRITERIA 

 
Aerial control measures to control immature mosquitoes may be instituted when one or more of the following conditions exist: 
 
  The area to be treated is inaccessible by conventional ground control 
  methods and fits our treatment criteria 
 
     OR 

 
  The acreage and conditions are excessive and/or extreme enough to be  
  cost effective to treat by air and fits our treatment criteria 
 
     OR 

 
  An urgent situation exists where timing is critical or the number of support 
  vehicles are limited because of existing jobs 
 
 
All aerial treatments must be approved and ordered by a supervisor.  A supervisor being the Field Director, Field Supervisor, Lab 
Director, or General Manager.  
 
If conditions fit the Aerial Treatment Criteria, the operator must supply the supervisor with the following: 
 

1. Thomas Bros. Map coordinates 
2. Source number 
3. Physical map of target area for pilot, including: 

a. acreage 
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b. vegetation cover 
c. instar 

4. Make suggestions regarding materials and rates of application 



APPENDIX H. Public Health Authorities: Marin, Sonoma, 

and Solano Counties 
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Public Health Authorities: Marin, Sonoma, and Solano Counties 
 

Marin County 
 
Marin/Sonoma Mosquito and Vector Control District 
595 Helman Lane 
Cotati, CA  94931 
707-285-2200 
www.msmosquito.com 
 
Marin County Health Officer 
920 Grand Avenue 
San Rafael, CA  94901 
415-499-6843 
 
Chief, Marin County Environmental Health Services 
Marin Civic center, Room 236 
San Rafael, CA  94903 
415-499-6907 
 
Agricultural Commissioner 
Marin County Agricultural Commissioners Office 
1682 Novato Blvd., Suite 150-A 
Novato, CA 94947 
415-499-6700 
 

Sonoma County 
 
Marin/Sonoma Mosquito and Vector Control District 
595 Helman Lane 
Cotati, CA  94931 
707-285-2200 
www.msmosquito.com 
 
Agricultural Commissioner 
Sonoma County Agricultural Commissioners Office 
2604 Ventura Ave, Room 101 
Santa Rosa, CA 95403 
707-565-2371 
 
Sonoma County Health Officer & Division Director 
County of Sonoma Department of Health Services 
Public Health Division 
625 Fifth Street 
Santa Rosa, CA  95404 
707-565-4401 

http://www.msmosquito.com/
http://www.msmosquito.com/
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Solano County 
 
Solano County Mosquito Abatement District 
2950 Industrial Court 
Fairfield, CA  94533 
707-437-1116 
solanomosquito.com 
Director/Public Health Officer 
Solano County Public Health 
275 Beck Avenue 
Fairfield, CA 94533-6804 
www.solanocounty.com 
707-784-8412 
 
Agricultural Commissioner 
Solano County Agricultural Commissioners Office 
501 Texas Street 
Fairfield, CA 94533 
www.solanocounty.com 
707-784-1310 
 
 

http://www.solanocounty.com/
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Monitoring and Surveillance Protocols 

(USFWS 2004) 

Mosquito population monitoring involves activities associated with collecting quantitative data 

to determine mosquito species composition and to estimate relative changes in mosquito 

population sizes over time.  The objectives of mosquito population monitoring are to: 

 

(1) Establish baseline data on species and abundance,  

 

(2) Map breeding and/or harboring habitats, and  

 

(3) Estimate relative changes in population sizes for making IPM decisions to reduce mosquito 

populations when necessary.   

 

A. We use an approach based on specific health threats and refuge mosquito population 

monitoring data to determine the appropriate refuge mosquito management response (see 

Exhibit 2).  

 

(1) Monitoring should occur at any time mosquitoes are active, even when there is no evidence of 

mosquito-borne disease present.   

 

(2) Monitoring protocols specify detailed sampling techniques for larval and adult mosquitoes. 

When possible, identify mosquitoes to the species level.   

A.  Refuges can issue special use permits (SUP) to allow compatible monitoring of larval and 

adult mosquito populations.  To avoid harm to wildlife or habitats, access to traps and sampling 

stations must meet the compatibility requirements found in 603 FW 2 and may be subject to 

refuge-specific restrictions.  Where federally listed or candidate species are present, monitoring 

methods must undergo the appropriate level of compliance with section 7 of the Endangered 

Species Act in order to determine whether or not such monitoring programs will adversely affect 

the listed or candidate species. 
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B. We expect the extent and intensity of a monitoring program to vary according to the potential 

and historical incidence of mosquito-associated health threats, as well as the resources available 

to the refuge and the public health authority or vector control district. 

 

Mosquito-Borne Disease Surveillance.  Activities associated with detecting pathogens causing 

mosquito-borne diseases, such as testing adult mosquitoes for pathogens or testing reservoir 

hosts for pathogens or antibodies.  

 

I.1: Protocol for Collecting Mosquito Larvae 

 

Mosquito larvae occur in various types of aquatic habitats from lakes and marshes to small 

temporary pools as well as collections of water in tree holes, leaf axils of plants, and artificial 

containers.  Larval collections by the MAD or appropriate public health agency on and/or 

adjacent to the NWR are an important part of overall mosquito monitoring.  Larval collections 

are used to determine requirements for control operations and detect the presence of important 

species that are not attracted to light traps as adults (e.g., Anopheles, Ae. aegypti and Ae. 

albopictus).  Control efforts based on larval populations are preferred because populations can be 

reduced by chemical control, predation, parasitism and natural mortality before the mosquitoes 

become adults.  In addition, pesticide applications can be focused on those areas where mosquito 

populations are known to exist, which minimizes effects to non-target biota.  After mosquitoes 

become adults, they become more difficult to control because their dispersal requires a greater 

area to be treated.  It also becomes more difficult to get the pesticide to areas where adult 

mosquitoes seek shelter such as vegetation and buildings. 

 

Larval mosquito monitoring is used to determine the exact areas where mosquitoes breed and 

their relative abundance.  For these reasons, larval mosquito monitoring is of particular value in 

guiding larval control operations conducted by the MAD.  The following describes the protocol 

for monitoring mosquito larvae to be conducted by the MAD or appropriate public health agency:  

These procedures are provided to refuge staffs to familiarize them with these protocols. 
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1.  Conduct a cursory survey of all aquatic habitats (e.g., lakes, ponds, wetland 

impoundments, irrigated pastures, waterways) on the refuge to identify breeding sites for 

mosquitoes.  Breeding sites may be identified by scanning aquatic habitats for the 

presence of larvae and/or adults.  Casual dipping may be used to aid in or confirm the 

presence of larvae.  Mosquito larvae are usually located where surface vegetation or 

debris is found.  Larvae are generally more abundant in shaded areas, near vegetation, or 

at the water’s edge.  It is necessary to proceed slowly and carefully when searching for 

mosquito larvae because disturbance of the water or casting shadows may cause the 

larvae to dive to the bottom.  Because larvae tend to "bunch up" rather than being 

uniformly distributed, it is often necessary to sample several areas of a water body.  On a 

map delineate the areas with 1 or more breeding sites for each water body.   

 

2. For each identified breeding area on the refuge, collect a minimum of 10 dip samples for 

every 5 acres of breeding habitat.  For example, if the preliminary survey indicated that 

there was a 10-acre area with mosquito breeding, then a minimum of 20 dip samples 

would be collected from within the 10-acre site.  Dip samples for mosquito larvae should 

be collected using a standard dipper which is a plastic or metal, white or aluminum, solid 

or screen-bottomed pint to quart-sized scoop-on-a-handle.  The following are seven basic 

ways to dip for mosquito larvae: 

 

 a. SHALLOW SKIM:  Submerge the leading edge of the dipper, tipped about 45 , 

about an inch below the surface of the water and quickly, but gently, moving the 

dipper along a straight line in open water or in water with small floating debris.  

End the stroke just before the dipper is filled to prevent overflowing. The shallow 

skim is particularly effective for Anopheles larvae that tend to remain at the 

surface longer than Aedes and Culex. Anopheles are usually associated with 

floating vegetation and debris. 

 

 b. COMPLETE SUBMERSION:   Quickly plunge of the dipper below the surface of 

the water and bring the dipper back up through the diving larvae.  Bring the dipper 
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up carefully to avoid losing the larvae in the overflow current.  This method is 

especially effective for mosquito larvae in open water, particularly those of the 

genera Aedes and Psorophora that are very active and usually dive below the 

surface quickly when disturbed.   

 

 c. PARTIAL SUBMERSION:   Push the dipper, tilted at about 45 degrees, straight 

down adjacent to the vegetation.  This causes the water and larvae around the 

vegetation to flow into the dipper.  There is no need to move the dipper 

horizontally.   Pull the dipper up before it is full.  This method is effective for 

collecting larvae at the edges of emergent vegetation. 

   

 d. FLOW-IN:  Push the dipper into the substrate of the pool so the shallow surface 

water, debris, and larvae flow into the dipper.  Do not move the dipper 

horizontally.  This method is effective for collecting larvae in very shallow water. 

 

 e. SCRAPING:  Dip from the water in towards the vegetation and end by using the 

dipper to scrape up against the base or underside of the vegetation to dislodge 

larvae.  This method is usually more effective if the bottom of the dipper is 

screened and it is often used to sample for Coquillettidia and Mansonia 

mosquitoes.  This method is used in habitats that contain clumps of vegetation 

such as sedges, floating mats of cattails or water lettuce, or other plants that are 

too large to get in the dipper.  This dipping technique also may be used for clumps 

of submerged vegetation such as hydrilla or bladderwort. 

 

 f. SIMPLE SCOOP:  Simply scoop a dipperful of water.  This is probably the most 

commonly used method and it is often the method referred to in much of the 

literature as "the standard dipping procedure."  Although it can be successfully 

used to collect Culex larvae, it is still not the method of choice. 
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 g. BACKGROUND:  Submerge the dipper completely to the bottom litter and 

slowly move it around.  If a white or aluminum dipper is used, then the darker 

mosquito larvae and pupae will stand out against its background.  After larvae 

appear in the dipper, lift it upward.  This is especially useful in woodland pools 

and other shallow water or when larvae are disturbed and dive to the bottom. 

 

One or more of these methods can be used to determine the mosquito species 

composition of most aquatic habitats, excluding those whose openings that are smaller 

than the dipper such as tires, rock pools, treeholes, and tree root systems like those found 

in cedar and red maple swamps. For these situations, a smaller container (e.g., vial, 

measuring spoon, tea strainer) can be used in the same seven ways as the dipper.  A 

tubular dipper (chef's poultry baster) can be used for very hard to get to places such as 

plant axils, treeholes, and tree root holes. 

 

The species of mosquitoes sought and the type of habitat being sampled will, in part, 

determine the appropriate sampling method. Thus, it is important that field personnel 

know the preferred breeding habitats and seasonal occurrence of species known or 

suspected to be present on the NWR.  When searching for mosquito larvae, proceed 

slowly and carefully.  Approach the area with caution to avoid disturbing larvae at the 

water's surface. Vibrations from heavy footsteps, casting a shadow, or disturbing 

vegetation that contacts the water may cause larvae to dive to the bottom.  Try to 

approach the water while facing the sun and with quiet, slow, soft steps, gently move 

vegetation only as necessary.  Mosquito larvae of most genera (particularly the common 

Culex, Aedes, and Anopheles) are usually found at the water's surface and frequently next 

to vegetation or surface debris.  In larger pools and ponds, they are usually near the 

margins, not in open, deep water.  Dipping should be concentrated around floating debris 

and aquatic and emergent vegetation.  If there is a strong wind, dipping should be done on 

the windward side of the habitat where larvae and pupae will be most heavily 

concentrated.  Do not dip during rain events.  Look for larvae and pupae before beginning 

to dip, if possible.  



I-6 
 

 

3. Uniformly distribute dip samples (systematic random sampling) throughout the breeding 

site to ensure that the collected larvae are representative of the breeding population at the 

site.  

 

4. At each location where a dip sample is collected in a breeding site, record the number of 

larvae and their developmental stage (instar) for each dip along with the date and exact 

location.  For identification and enumeration, larvae can be transported to the laboratory 

in glass or plastic specimen tubes (75 x 25 mm), in larger containers such as Mason jars, 

or in plastic self-sealing plastic bags.  Plastic bags are preferred because the larvae sustain 

less damage when hitting the soft plastic walls during transport.  An ideal way to get 

mosquito larvae back to the laboratory alive, even over a rough road, is to place each 

sample in a plastic bag filled approximately 2/3 full and carefully sealed ("whirl packs" 

used for water samples are ideal), then float the bags in a cooler 1/4 filled with water. 

Collections should be protected against high temperatures and direct sunlight. 

 

I.2: Protocols for Estimating Populations and Collecting Adult Mosquitoes for Disease 

Surveillance  

 

The goal of these protocols is to standardize adult mosquito sampling and reporting procedures in 

order to provide comparable and interpretable monitoring results among collaborating MADs for 

refuges throughout Region 1.  The following five methods are currently used by MADs to collect 

adult mosquitoes for population monitoring and/or disease surveillance: 1) New Jersey 

(American) light trap, 2) CDC style CO2-baited trap, 3) gravid trap, 4) adult resting technique, 

and 5) landing counts.  These guidelines describe the following: 1) a comparison of these 

sampling methods, 2) equipment design, 3) operation, 4) specimen processing, 5) data recording 

and analysis, and 6) data usage.  Many of these mosquito traps are available commercially.  

Because the MAD or appropriate public health agency will be responsible for estimating 

populations and collecting adult mosquitoes for disease surveillance, these procedures are 

provided to refuges staffs to familiarize them with these protocols.    
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Advantages and Disadvantages of Different Adult Mosquito Sampling Methods: 

Advantages Disadvantages 

New Jersey Light Trap 

All female metabolic states and males 

collected 

Selective for phototaxic nocturnally active 

mosquitoes 

Minimal collection effort (can be run nightly 

without service) 

Ineffective with competing light sources 

Long history of use in some areas Sorting time excessive because of other 

insects in traps 

 Because specimens are dead, useless for 

disease surveillance 

 Collects comparatively few specimens 

CDC/EVS CO2 Trap 

Samples biting (host seeking) population Collects >50% nullipars (have never 

oviposited) 

Collects large numbers of virus vector species Must be set and picked-up daily 

Specimens alive; suitable for disease 

surveillance 

Dry ice cost high; availability can be a 

problem 

Without light, collects mostly mosquitoes thus 

reducing sorting time 

Does not collect males or blooded and gravid 

females 

Battery operated, portable  

Gravid Trap 

Collects females that have bloodfed; may have 

higher infection rate 

Collects only foul-water Culex 

Specimens alive; suitable for virus detection Bait has objectionable odor 

Extremely sensitive for Cx. quinquefasciatus 

in urban habitat 

Must be set and picked-up daily 

Bait inexpensive      
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Battery operated, portable   

Resting Catches 

All metabolic states collected Quantification difficult as a result of shelter 

size and type and collector efficiency 

Minimal equipment needed Labor intensive 

Specimens alive; suitable for disease 

surveillance 

 

Blooded and gravid specimens can be tested to 

improve sensitivity of disease surveillance 

 

 Landing Counts  

No equipment  Exposes individual to mosquitoes 

Simple method without the need for follow-up 

visits to derive the measure  

Because there’s no collection, it cannot be 

used for disease surveillance 

Inexpensive  

Samples host seeking population  

 

New Jersey (American) Light Trap (NJLT) 

Light traps should only be used to monitor populations of nocturnally active adult mosquitoes 

that are attracted to light.  Wide differences in capture efficiencies have been found among 

species as a result of differences in their reactions to light.  For example, some Anopheles and 

Aedes mosquitoes are poorly attracted to light.  Because of these behavioral differences among 

species, light traps should be used along with other adult mosquito collection methods  

(e.g., landing counts) to assess the population.    

 

Trap specifications and components (Mulhern 1953) 

1. Ten-inch diameter trap tube of sufficient length to accommodate motor, fan, cone screen 

and killing jar.  A lockable screen cage or holding strap should be added to the bottom of 

the trap to prevent tampering with the killing jar. 

2.  A 4- or 5-bladed 9.0-inch diameter fan. 
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3. Sealed, heavy-duty type refrigerator motor suspended by three support brackets for added 

stability; air discharge at 450-500 cubic feet/minute. 

4. Hood or cone with a two- or three-point chain attachment for trap hanging. 

5. One-quarter inch mesh hardware cloth over the mouth of the trap tube to preclude entry 

by large moths and other debris. 

6. Timer or photoelectric eye to turn trap on/off. The photoelectric eye is preferred to 

prevent disruptions of trapping time that may occur with a timer due to power outages. 

7.  Frosted light bulb (25watts and 110volts). 

8. Exterior trap color is insignificant, but underside of hood should be painted white to 

increase light intensity (Barr et al. 1963). 

9. Killing jar with warning label containing a dichlorvos “no-pest” strip should be replaced 

every three months.  A pint or quart jar could be used depending on the amount of insects 

caught. 

 

Operation 

Locations selected for light trapping are critically important for obtaining quality monitoring 

data.  Light traps should be located between larval habitats and area(s) to be protected (e.g., 

adjacent residential area).  Light traps should be placed along the edges of riparian areas and 

wetlands to increase trapping efficacy.  Avoid areas the following characteristics:  competing 

sources of artificial light, exposure to strong winds, smoke or chemical odors that can act as 

repellants, proximity to buildings with animals, open water or open pasture, obstacles that 

obstruct trap light, and potential for vandalism.  In addition, traps should be kept away from 

sentinel chicken flocks to diminish attractancy competition.  In some cases, moving a trap 5 to 10 

feet can result in a large difference in the number of collected mosquitoes.  If a trap consistently 

fails to collect mosquitoes, then it should be moved to another location.  

 

At each location, use 2 to 3 light traps suspended at a height of approximately 6 feet.  Operate 

light traps for two to four nights per week before being retrieved.  Collections from four nights 

usually provide similar results as seven nights.   Light traps should be operated during darkness 

(1 hour before dusk and 1 hour after dawn).   Light traps are most effective during the new moon 
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phase (no moon) or during evenings 

that are overcast.  Because 

mosquitoes are generally inactive 

during windy and/or cold evenings, 

light trapping should not be 

conducted if wind speeds exceed 

10-15 mph and temperature 

between sundown and dawn is <50 F.  

 

The trap should be thoroughly cleaned with a brush to remove spider webs or any other debris 

that may hinder airflow through the trap.  A regular cleaning schedule should be followed during 

the trapping season to maintain trap efficiency. 

 

Processing 

Adult mosquitoes from the NJLT collection should be sorted from the other insects in an enamel 

pan before identified and counted at 10x magnification under a dissecting microscope.  Counting 

aliquots or subsamples of all specimen samples should be discouraged because vector species 

may comprise only a small fraction of the total number of mosquitoes in a sample. 

 

CDC style CO2-baited trap 

Trap design and components 

Currently, there are two types of CO2-baited traps:  CDC trap and the EVS trap (Pfuntner 1979).  

Both trap types are baited with either an insulated container holding 1-2 kg of dry ice or a 

cylinder containing compressed CO2 gas with a regulator that releases 0.5-1.0 liter/minute.  The 

dry ice container or the CO2-gas cylinder should be properly labeled regarding its contents.  Both 

trap styles use a screened collection bag or a modified gallon ice cream carton with tubular 

surgical stockinette attached to the bottom of the motor housing unit to collect mosquitoes. 

 

CDC trap uses the following: 
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1.  A 3.5” diameter plexiglass cylinder housing a 6-volt DC motor and a 4-blade fan. 

2.  Rechargeable 6-volt battery power source. 

3.  Aluminum rain shield (optional). 

 

EVS trap uses the following: 

 

1.  A 5” diameter PVC cylinder housing, a 4.5-6.0-volt DC motor, and a 2-blade fan. 

2.  Three 1.5-volt D cell batteries in series as a power source. 

3.  No aluminum rain shield above the trap housing. 
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Operation 

CO2-baited traps can be used for abundance monitoring or capturing mosquitoes for disease 

surveillance.  Traps should be placed at a height of six feet; however, a convenient tree limb of 

sufficient height, or at times, a horizontal projection from a building or fence post will suffice. 

Trap location should be standardized for population and disease infection rate monitoring. 

 

Knowledge of the host-seeking patterns of the target species is essential in determining CO2-

baited trap placement in the field that will enhance the catch size and sampling sensitivity.  For 

example, Culex tarsalis, which primarily blood feeds on birds, hunts along vegetative borders 

and tree canopies where birds roost and nest.  Cx. erythrothorax are best collected within wetland 

areas near dense stands of emergent vegetation (tules and cattails).  In large, open breeding 

sources such as rice fields, CO2-baited traps may be hung from standards on the up-wind side of 

the source for Cx. tarsalis and Anopheles freeborni collections.  Ochlerotatus (formerly Aedes) 

melanimon and Ochlerotatus (formerly Aedes) nigromaculis are mammal feeders and typically 

hunt over open fields. 

 

When used in conjunction with sentinel chickens for disease surveillance, traps should be 

operated at different locations to enhance geographical coverage and sensitivity.  Staff and 

logistical constraints determine the extent of sampling.  When used to monitor population 

abundance, traps should be operated weekly or biweekly at the same fixed stations.  

Environmental conditions (e.g., temperature, wind speed, wind direction, rain) should be 

recorded during trapping because these factors readily affect catch size.  The mini-light attracts 

other phototaxic insects that may hinder sorting and/or damage female mosquitoes in the 

collection container while repelling members of the Cx. pipiens complex.  CO2-baited traps 

should not be placed in immediate proximity (<100 to 200 m) to sentinel chicken flocks because 

they will compete with and lessen exposure of the sentinel birds. 

 

Maintenance of the traps should be performed regularly.  Rechargeable 6-volt batteries should be 

charged after a night’s run and rechargeable 1.5-volt batteries should be checked on a battery 

tester to determine the amount of power remaining to run the trap motors.  Rechargeable 1.5-volt 
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batteries need to be drained completely before being recharged to maintain full power capacity.  

Alkaline batteries need to be replaced after every use.  The motors, fan blades, and interior of the 

trap housing should be cleaned on a regular basis. 

 

Processing 

Mosquitoes collected for disease surveillance should be processed according to the protocols 

described in Appendix I.3.  A maximum of ten pools of a species (Cx. tarsalis, Ochlerotatus 

(formerly Aedes) melanimon, Ochlerotatus (formerly Aedes) dorsalis, Cx. pipiens, and Cx. 

quinquefasciatus) should be submitted for disease testing from a specific geographical location 

and time. Only live mosquitoes should be pooled for disease testing.  Dead, dried specimens 

should be counted and discarded.  Only whole specimens should be submitted; avoid including 

body parts (which may be from other mosquito species) or other Diptera (e.g., Culicoides) in the 

pool to prevent sample contamination.  Mosquitoes collected for population monitoring should 

be killed, identified under a dissecting microscope, and counted.   

 

Reiter/Cummings gravid traps 

Trap design and components 

The Reiter/Cummings gravid trap consists of a rectangular trap housing with an inlet tube on the 

bottom and an outlet tube on the side or top.  The rectangular housing is provided with legs to 

stabilize it over the attractant basin containing the hay-infusion mixture.  The trap housing 

contains the motor assembly and collection chamber for gravid mosquitoes.  The revised Reiter 

gravid trap (Reiter 1987) utilizes a 6-volt motor using three D cell batteries; whereas, the 

Cummings modified gravid trap (Cummings 1992) uses a 9-volt motor and four D cell batteries.  

Both traps place the collection chamber on the inlet side of the motor so that the fan blades will 

not damage collected mosquitoes. The inlet height should be two inches above the surface of the 

hay-infusion medium to create a proper vortex. 

 

The oviposition attractant consists of a fermented infusion made by mixing Timothy or alfalfa 

hay, lactalbumen, Brewer’s yeast, and water.  The mixture should sit at room temperature for one 



I-14 
 

to two days to allow fermentation and increase attractancy. New solutions should be made at 

least biweekly to maintain consistent attractancy. 

 

Operation 

The Reiter/Cummings gravid trap is primarily used in suburban and urban residential settings, 

principally for surveillance of Culex pipiens complex populations. The trap is placed on the 

ground near dense vegetation that serves as resting sites for gravid females. Specimens may be 

retrieved on a one to three day basis. 

 

Processing 

Culex pipiens complex females collected with the gravid trap for arbovirus surveillance should be 

retrieved daily and the protocol for mosquito pool submission as described in Appendix C should 

be followed. For population monitoring of the Culex pipiens complex, collections may be 

retrieved every third day. The females are killed, identified and counted before being discarded. 

Autogenous females may also be attracted to the gravid trap. 
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Adult resting collections 

Trap design and operation 

A flashlight and mechanical aspirator can be used to collect adult mosquitoes resting in habitats 

such as shady alcoves, buildings, culverts, or spaces under bridges.  Highest numbers usually are 

collected at humid sites protected from strong air currents. Adults resting in vegetation may be 

collected using a mechanical sweeper such as the AFS (Arbovirus Field Station) sweeper (Meyer 

et al. 1983).  For quantification, time spent searching is recorded and abundance expressed as 

number per person-hour. 

 

Red boxes were developed to standardize collections spatially.  Different researchers have used 

red boxes of varying dimensions.  Largest catches are made in semi-permanent walk-in red boxes 

which measure 4’ x 4’ x 6’ (Meyer 1985).  Smaller 1’ x 1’ x 1’ foot boxes typically collect fewer 

specimens, but they are readily portable.  The entrance of the walk-in red box should be left 

open, draped with canvas, or closed with a plywood door.  The canvas or plywood door should 

have a 1 or 2 foot gap at the bottom to allow entry of mosquitoes while affording some protection 

from the wind and decreasing the light intensity within the box.  Its entrance should not face 

eastward into the morning sun or into the predominant wind direction. 

 

Processing 

Mosquitoes should be anesthetized, identified under a dissecting microscope, sorted by sex and 

female metabolic status (i.e., empty or unfed, blood fed or gravid), and counted. Females may be 

counted into ten pools of approximately 50 females per site per collection date for disease 

surveillance (see Appendix C). Only live females should be used for disease surveillance.  Data 

on metabolic status may indicate population reproductive age as well as diapause status. 

 

Data recording and analysis 

For comparisons of abundance over time, space, or collection methods, refer to Biddlingmeyer 

(1969). 

 

Landing counts 
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Landing counts are used to determine the relative abundance of adult mosquitoes.  The observer 

stands at the sampling site facing away from the wind.  The number of mosquitoes by species 

that land on the observer’s pant legs are counted over the period of 1 minute.  The total count is 

divided by two to derive the number of lands/pant leg/minute by species.  Repeat the count 3 or 4 

times to derive an average number of lands/pant leg/minute at a site.  This procedure should be 

conducted at 5 to 10 sites in each area that harbors adult mosquitoes.  The values from individual 

sites are used to derive an overall average for an area.  Landing counts should be conducted 

during the early morning when temperatures are cool and mosquitoes are active.     

 

Data usage 

Mosquito collections from these five sampling methods collectively can be used for the 

following: 

1.  Assess control efforts. 

2.  Compare mosquito abundance from collections with the number of service requests from 

the public to determine the tolerance of the public to mosquito abundance. 

3.  Monitor vector abundance and minimum infection rates. 

4.  Determine proximity of breeding source(s) by the number of males present in collections 

from the NJLTs and red boxes. 

5.  Determine age structure of females collected by CO2 traps and resting adult collections; 

such data are critical to evaluating the vector potential of the population. 

 

I.3: Protocol for Processing Mosquitoes for Disease Detection 

The following procedures should be used to process samples of live mosquitoes that are captured 

using methods described in Appendix I.2.  Because the MAD or appropriate public health agency 

will be responsible for conducting disease surveillance with mosquito pools, these procedures are 

provided to refuges staffs to familiarize them with these protocols.    

 

1.  Collect mosquitoes alive (see protocols to sample adults in Appendix B) and return them 

immediately to the laboratory.  Collections should be kept humid during transport with 
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moist toweling to prevent desiccation.  Females should be offered 5-10% sucrose if held 

overnight or longer before processing. 

 

2.  Anesthetize mosquitoes by cold, carbon dioxide, or triethylamine (TEA). TEA is 

recommended because specimens are permanently immobilized with minimal mortality 

and no loss of SLE or WEE virus titer (Kramer et al. 1990). TEA should be used either 

outdoors or under a chemical hood.  Collections can be anesthetized outdoors using a few 

drops of TEA and then the specimens transferred to Petri dishes before taken into the 

laboratory for processing.  If refrigerated and kept humid, mosquitoes will remain alive in 

covered Petri dishes for one or two days without additional anesthesia. 

 

3. Sort mosquito collections to species under a dissecting microscope at 10x to ensure 

correct identification and to make sure that other small insects such as chironomids or 

Culicoides are not inadvertently included in the pools.  Count and discard dead and dried 

mosquitoes.  Lots of 50 females (minimum of 12 females) per pool of each vector species 

from each collection site are then counted. Place each mosquito pool in an individual 

screw-cap cryovial fitted with O-rings to prevent contact with CO2 during transport and 

storage.   Recommended sampling effort is ten pools of 50 females of each species from 

each site per week to detect minimum infection rates (MIRs) ranging from two to 20 per 

1,000 females tested.  Pools should be labeled sequentially starting with #1 each year 

after the site code.  VERY IMPORTANT:  POOLS MUST BE ACCOMPANIED BY A 

MOSQUITO POOL SUBMISSION FORM (APPENDIX I.4). THEY CAN ONLY BE 

TESTED FROM REGISTERED SITES USING THE FORM IN APPENDIX I.5. 

List the site code for each pool that consists of a designated four-letter agency code 

followed by four digits identifying the site, i.e., KERN0001. Keep the pool numbers in 

sequence for the whole year regardless of the number of site codes, i.e., pool #1 may be 

from KERN0001, and pool #2 may be from KERN0004. 

 

4. Freeze pools immediately at -70°C either with dry ice in an insulated container or in an 

ultralow temperature freezer. Pools are shipped frozen on dry ice for testing by an in situ 
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enzyme linked immunosorbent assay (EIA).  Care must be taken not to allow pools to 

defrost during storage or shipment, because each thaw and freeze kills approximately half 

the virus, and all virus will be lost if the specimens sit at room temperature. 
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I.4: Form for Submission of Mosquito Pools to Test for Infection Testing 

Site code Pool No. Site name Date Trap type Mosquito species No. in 

pool 

Disease 

detected 
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I.5: Registration Form for Surveillance Sites 

Agency code:__________________      Site code:_________________________ 

 

This form is for registration of sites used for sentinel chickens, collection of mosquitoes 

for disease testing, or abundance reports. 

 

 

____________________________   __________________________    ________ 

             Submitting agency      County site is located            Elevation (ft) 

 

Latitude: ____ ____’____ North             Longitude:____ ____’____ West 

 

Site is located _____ miles in a ______ direction from ________________________ 

                                                 (e.g., NW)          (City, place, landmark) 

 

Brief description or name of the site used by submitting agency: 

 

 

 

 



I-21 
 

Characteristics 

within 100 feet of 

the site 

   

Harborage Moisture Human Presence Animals/Pets 

Buildings Irrigated pasture Dwelling Livestock 

Trees Agricultural irrigation Daytime presence Dogs/cats 

Shrubs/brush Stream, canal, ditch Nighttime presence Rodents 

Tall grass/weeds Lake, pond, wetland Unoccupied Wildlife bird 

nests/roosts 

Rodent burrows Dairy drain  Sparrows/finches 

Culvert/bridge Septic tank overflow Light sources Poultry 

Water control 

structure 

Tree hole Dwelling or other 

building 

Emus or ostriches 

Lumber or junk Water trough Street or yard Other animals 

Tire pile Other None  

Other    

    

Landscape Agriculture Other uses Topography 

Forest Orchards Houses Flatlands 

Savannah Vineyards Apartments Hills (<2500 feet) 

Meadow Row crops Commercial Mountains (>2500 ft) 

Riverine Rice Park, golf course  

Wetland - fresh Irrigated pasture Airport or industrial Urbanization 

Wetland - saline Rangeland Right-of-way None rural 

Desert Poultry ranch Other Suburban 

Other Dairy drain, oxidation 

pond 

 Urban 

 Feed lot   
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I.6: Procedures for Maintaining and Bleeding Sentinel Chickens 

Because the MAD or appropriate public health agency will be responsible for conducting disease 

surveillance with sentinel chickens, these procedures are provided to refuges staffs to familiarize 

them with these protocols.    

 

1.  Procure white leghorn laying hens in March when 18 weeks of age to ensure minimal 

mortality during handling.  Hens at this age have not yet begun to lay eggs, but they 

should have received all their vaccinations and been dewormed. White leghorns are 

relatively small sized chickens, but should have well-developed combs when first bled at 

22 weeks of age. 

 

2.  Ten sentinel chickens can be housed in a 3Wx6Lx3H foot coop framed with 2x2 and 2x4 

inch construction lumber and screened with 1x1 inch welded wire. Coops should be at 

least two feet off the ground to reduce predator access, facilitate capture of the birds for 

bleeding, and allow the free passage of the feces through the wire floor to the ground.  A 

single, hinged door should be placed in the middle of the coop, so that the entire coop is 

accessible during chicken capture. After construction, the lumber and roof should be 

protected with water seal.  A self-filling watering device should be fitted to one end of the 

coop and a 25-pound feeder suspended in the center for easy access.  In exchange for the 

eggs, a local person (usually the home owner, farm manager, etc.) should check the birds 

(especially the watering device) and remove the eggs daily.  If hung so the bottom is 

about four inches above the cage floor and adjusted properly, the feeder should only have 

to be refilled weekly (100 pounds of feed per month per flock of ten birds). Therefore, if 

proper arrangements can be made and an empty 55 gallon drum provided to store extra 

feed, sentinel flocks need only be visited biweekly when blood samples are collected. 

 

3.  Band each bird in the web of the wing using metal hog ear tags and appropriate pliers. 

This band number, the date, and site registration number must accompany each blood 

sample sent to the laboratory for testing. 
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4.  Bleed each hen from the distal portion of the comb using a standard lancet used for 

human finger "prick" blood samples.  The bird can be immobilized by wedging the wings 

between the bleeder's forearm and thigh, thereby leaving the hand free to hold the head by 

grabbing the base of the comb with the thumb and forefinger.  The comb should be 

"pricked" with the lancet and blood allowed to flow from the "wound" to form a drop.  

Collect the blood by touching the end of the pre-numbered filter paper strip (opposite 

from the number) to the wound.  Collect several drops in this fashion to completely soak 

a pre-marked 3/4 inch long portion of the 3/8 inch wide filter paper strip.  Place the 

numbered end of the strip into the slot of the holder (or "jaws" of the clothes pin) leaving 

the blood soaked end exposed to air dry.   

 

5.  Staple the completely dry filter paper strips through the number along the top end of a 

5x8 inch card, leaving the blood soaked end free so that the laboratory staff can readily 

remove a standard punch sample. Write the name of the flock and the date onto the card 

and place it and a single flock specific data sheet into a zip lock plastic bag. It is 

important that blooded ends do not become dirty, wet or touch each other. VERY 

IMPORTANT:  CHICKEN SERA MUST BE ACCOMPANIED BY SENTINEL 

CHICKEN BLOOD FORM (Appendix I.7) OUTSIDE THE ZIP-LOCK BAG. Samples 

from each bleeding date then can be placed into a mailing envelope.  Specimens should 

be mailed to arrive by Friday afternoon for testing to start the following Monday. 

 

6.  In the laboratory, a single punch is removed from the blooded end of the paper and placed 

into one well of a 96-well plate with 200 ml of diluent. Specimens are allowed to soak 

overnight and the eluate tested for WEE and SLE IgG antibody using ELISA. Positive 

specimens are confirmed the following day using an indirect fluorescent antibody test. 
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I.7: Form for Submission of Sentinel Chicken Blood for Disease Testing  

PLEASE DO NOT PLACE FORM INSIDE THE ZIPLOC BAG 

Name of Agency: __________________________ 

 

Name of Site:____________________________Nearest city:___________________ 

 

Date bled: ___/___/___ Bled by:__________________________________________ 

 

Contact name:________________________________ Phone: (___) ___ - ____ 

 

Name of alternative:______________________________  Phone: (___) ___ - ___ 

 

 

Wing Band Number in 

Sequence 

Remarks or status (For new birds to 

flock, list number and state “new 

bird” 

Disease Detected 
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I.8: Protocol for Collection and Shipment of Bird Carcasses for Mosquito-Borne Disease 

Evaluation 

The following protocol should be used by refuge staffs to submit dead birds to the USGS 

National Wildlife Health Center (NWHC) for disease evaluation: 

 

1. Collect only freshly (<48 hours) dead birds.  Because carcasses that are decomposed or 

scavenged have limited diagnostic value, they should not be sent to NWHC.   

 

2. Use rubber gloves when handling dead birds.  If you do not have gloves, then put your 

hands in plastic bags to pick up dead birds. 

 

3. Place dead birds in a plastic bag, tie shut, and then place in a second bag and close.  In the 

field, place the bagged birds into a cooler with ice to immediately chill the carcasses.  

NWHC prefers unfrozen specimens if they can be sent within 24 hours of collection or 

death.  If you cannot call or ship bird carcasses within 36 hours, then freeze them.   

 

4. Use an appropriate shipping box or hard container (e.g., cooler) to ship the bird carcasses 

to NWHC.  Line the shipping box or hard container with a large plastic bag and pack the 

bagged birds with enough blue ice to keep them cold.  DO NOT USE WET ICE OR DRY 

ICE.  Fill the unused space with crumpled newspaper or similar absorbent material.  Keep 

the ice packs in contact with the bagged birds. 

 

5. Complete a “Dead Bird Reporting and Submission Form for Mosquito-Borne Disease” 

(Appendix I.9) for each bird submitted to NWHC for evaluation.  PLACE A COPY OF 

ALL PAPERS IN A ZIPLOCK BAG INSIDE THE SHIPPING CONTAINER, BUT ON 

THE OUTSIDE OF THE PLASTIC BAGS.  IF MORE THAN 1 BIRD IS SHIPPED, 

THEN INCLUDE IDENTIFICATION FOR EACH BIRD.  Secure the container lid with 

strapping tape.  

 

6.  Label the shipping box or cooler with the following address: 
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    USGS National Wildlife Health Center 

    6006 Schroeder Road 

    Madison, WI 53711 

 

    “DIAGNOSTIC SPECIMENS - WILDLIFE” 

The phrase “Diagnostic Specimens-Wildlife” covers federal shipping regulations routes 

the specimens to the necropsy entrance of NWRC. 

 

7. Contact NWRC at (608) 270-2415 before shipping birds by 1-day (overnight) service.  

Ship Monday through Thursday to guarantee arrival before the weekend. 

 

I.9: Dead Bird Reporting and Submission Form for Mosquito-Borne Disease  

 

Name of agency: 

 

Name of refuge: 

 

Name of individual(s) that found the dead bird(s):  

 

Contact name:     Phone: 

      

Date Found Location 

Found 

Species (common name) Condition when found (dying/dead) 

    

    

 

I.10: USGS Guidelines for Surveillance of West Nile Virus in Avian Species 

As we are well aware, West Nile virus (WNV) was first detected in the United States in 1999 and 

has reappeared in subsequent years, quickly spreading across the North American continent.  
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According to the Centers for Disease Control and Prevention (CDC), the 2002 epidemic the 

worst WNV meningoencephalitis epidemic ever recorded.  WNV had been detected by the end of 

2002 in approximately 2,480 counties in 44 states and in 5 Canadian provinces, affecting 

thousands of humans and wild and captive animals.   Since 1999, the list of dead animal species 

found positive for WNV has rapidly grown and currently consists of 162 avian, 18 mammalian, 

and 1 reptilian species. 

 

An unusual characteristic of the U.S. epidemic is the ability of most regions of the continent to 

utilize the presence of dead birds found positive for WNV as a sensitive indicator of WNV 

activity.  Crows and other corvids have been the first indicator of WNV activity in many regions.  

However, there have been some regions where the first positive birds were non-corvid species.  

Therefore, although corvids and raptors are still considered the most sensitive indicator of WNV 

activity in most regions, the NWHC is encouraging surveillance programs to test all avian 

species in 2003, particularly in the western region of the continent where WNV has not yet been 

detected.  

 

Since 1999, the NWHC has participated in the national WNV surveillance program and has 

assisted many state surveillance programs in their avian testing upon their request.  In addition, 

we provide testing service for military installations as well as other federal agencies, including 

the U.S. Fish and Wildlife Service and the National Park Service.  To submit specimens to the 

NWHC, specimens should be either freshly dead (less than 48 hours dead) and intact (not 

scavenged) bird carcasses or tissues collected from freshly dead birds.  If the carcass has an odor, 

is soft and mushy, has skin discoloration, feathers or skin that easily rubs off, or has maggots, it 

is too decomposed for testing.  Due to the 2002 reports of laboratory-acquired infection, 

precautions to prevent exposure should be taken, including wearing gloves when handling dead 

birds.  Recommendations can be found at the NIOSH WNV website 

(http://www.cdc.gov/niosh/topics/westnile/). 

To submit specimens for testing to the NWHC, carcasses should be chilled until shipment.  If the 

carcass cannot be shipped within 24-36 hours of collection, the carcass should be frozen until 

shipment.  If a whole carcass is not submitted, we prefer that you submit kidney and spleen with 
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the tissues placed together in a sterile, leak-proof bag (e.g. Whirl-Pac bag).  A sample of tissue 

½-inch square is adequate.  If tissues other than kidney and spleen are submitted, then label each 

bag with the type of tissue enclosed.  Make sure the bag is properly sealed to avoid 

contamination.  Each submission needs to be appropriately labeled with identification 

information so that we can match each tissue or carcass to the corresponding submission form.  

Store tissues at ultra-low temperatures, package as per NWHC shipping instructions, and ship 

them frozen on dry ice for testing.  Ship tissues and carcasses via overnight delivery between 

Monday and Thursday.   

 

As in previous years, the NWHC WNV testing protocol consists of selected tissues put into cell 

culture for virus isolation, and isolates will confirmed as WNV by RT-PCR.  We will email 

weekly reports to you (the WNV coordinator) as the samples are being processed.  A weekly 

report will not be sent if there have been no new submissions and there is no new information for 

your state/agency.  A final written report will be mailed as testing of individual samples is 

completed.  An overall final report with total submission information and results will be sent by 

email at the end of the season.  For this reason, if there is a change in the person we should be 

notifying of results, please contact us as soon as possible to provide the new contact information. 

 

During the 2002 season, the NWHC considered treating all avian diagnostic submissions as 

potential WNV cases and, in the latter half of the season, began testing many avian diagnostic 

cases for WNV.  We made an effort at the end of the 2002 season to notify the state coordinators 

of those test results.  As this will continue during the 2003 season, we will do our best to notify 

the coordinators of the results of diagnostic cases in a timelier manner.  Due to regulations, we 

will not be reporting any information or results on legal cases.  We will report those results to the 

US FWS law enforcement agent in-charge of the investigation, and the decision to report the test 

results to the state will be at their discretion. 

 

In 2002, there was an increase in raptor cases to wildlife rehabilitators from mid-August through 

September in at least 12 states.  Commonly reported clinical signs in sick birds include 

weakness, lethargy, tremors, inability to walk, fly or perch, and lack of fear of humans (i.e., are 
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easily approached).  These are signs of generalized illness and are NOT specific for WNV 

infection.  Although preliminary diagnostic evaluation of some of these raptors does indicate that 

WNV played a role in the morbidity/mortality event, WNV was not fully responsible for all of 

the cases seen/reported.  In addition, the NWHC and many wildlife agencies received reports of 

other wildlife mortality events thought to be associated with WNV.  Since sick birds infected 

with WNV display nonspecific clinical signs and die-off events are generally not associated with 

WNV, the NWHC encourages investigation into these die-off events by local state/federal 

wildlife officials.  The NWHC field investigations team staff is available to discuss possible 

causes and determine the needed action for determining the cause of the die-off event.  Please 

contact the NWHC with questions or reports of wildlife die-off events. 

The NWHC looks forward to working with you in your state’s surveillance efforts.  Please 

contact us with questions or concerns. 

 

Instructions for Collection and Shipment of Avian Specimens to the USGS National 

Wildlife Health Center for West Nile Virus Evaluation 

 

Please follow these instructions for collecting and shipping carcasses for West Nile virus testing 

to the National Wildlife Health Center (NWHC) to insure adequate and well-preserved 

specimens.   

 

1.  Collect sick or freshly dead birds.  Carcasses that are decomposed or scavenged are 

unacceptable.  If the carcass has an odor, is soft and mushy, has skin discoloration, feathers or 

skin that easily rubs off, or has maggots present, it is too decomposed for testing.  Ideally, collect 

a combination of freshly dead animals and animals that were euthanized after their behavior was 

observed and recorded. 

 

2.  Use rubber gloves when picking up sick or dead animals.  If you do not have gloves insert 

your hand into a plastic bag.  Take a cooler containing ice into the field to immediately chill the 

carcass(s). 
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3.  Place each animal in a plastic bag with absorbent material (paper towel, etc.), tie shut, then 

place inside a second bag and tie shut (more than one individually bagged bird can be placed in 

the second bag).  Double bagging carcasses prevents cross-contamination of individual 

specimens and leaking from shipping containers.   

 

4.  Complete a separate copy of the attached West Nile Virus Reporting and Submission Form 

For Individual Birds and Tissue Samples for each bird or set of tissues.  Place copies of the forms 

in an envelope and tape to the outside of the shipping container.  If more than one specimen is 

submitted, please include some type of identification information on each one.  We need to be 

able to match the samples to the corresponding form. 

 

5.  Ship specimens in a hard-sided plastic cooler or a Styrofoam cooler placed in a cardboard 

box.  Unprotected Styrofoam coolers break into pieces during shipment.  Stuff crumpled 

newspaper into any spaces between the sides of the box and cooler.  Hard-sided (plastic) coolers 

will be returned if you label with your name and address in permanent ink.  Styrofoam and 

cardboard will NOT be returned. 

 

Line the cooler with a plastic bag and pack the bagged carcasses in the cooler with enough blue 

ice packs to keep the carcasses cold.  Blue ice packs are preferred to wet ice to avoid leaking 

during shipment.  Use dry ice for tissue samples.  Place crumpled newspaper or similar 

absorbent material in the cooler to fill unused space, keep ice in contact with carcasses, provide 

insulation and absorb any liquids.  Tape cooler or box shut with strapping tape. 

 

Label coolers with:     USGS National Wildlife Health Center 

   6006 Schroeder Road 

   Madison, WI   53711  

 

Also include the words on the top of the cooler:     DIAGNOSTIC SPECIMENS - WILDLIFE 
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6.  Contact Emi Saito by phone (608-270-2456), e-mail (esaito@usgs.gov) or FAX (608-270-

2415) prior to shipping birds.  Ship Monday through Thursday morning by overnight delivery 

service.  Do not ship on Friday unless you have called to make special arrangements because the 

Center is closed on Saturday.  If you cannot call or ship within 24-36 hours, freeze the bird(s). 
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2003 NWHC West Nile Virus Reporting and Submission Form For Individual Birds and 

Tissue Samples 

 

Submit fresh dead birds (< 48 hours old) for WNV testing using the NWHC shipping 

instructions.  Use a separate form for each carcass or set of tissues.   **Please write legibly so 

samples get logged in correctly at NWHC** 

 

Ship to:  USGS National Wildlife Health Center, 6006 Schroeder Rd, Madison, WI 53711 

 

State ID number _____________  NWHC ID number__________ 

(Assigned by the state – not required but recommended)                               

(Assigned by NWHC when samples arrive) 

 

Person Completing Form: 

 

Name:     __________________________________        Phone: ________________ 

 

Agency:  _________________________________           FAX:  ________________ 

 

Street:  ____________________________________       E-mail: ______________________ 

 

 City:       __________________________       State:   _______    Zip:   ________ 

      

Submission Information: 

 

Bird Species: _____________________________                                                   

 

Bird found [Dead] or [Sick and Euthanized]  (circle one) 

 

Date collected:    ___/_____/_____   Date shipped: ____/____/____ 
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Address or other specific location bird found: _______________________________________ 

 

State: _______________   County (most important): __________________     

 

Town/City: ______________________     Zip code: __________________ 

 

IMPORTANT:  Label each submission with the state reference number or some other 

identification information so that NWHC can match each carcass/tissue to the corresponding 

form.  Place this form in an envelope and attach to the outside of the shipping container to avoid 

contamination. 
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Submission checklist:  

 

 

 Only submit fresh (dead <48 hr hrs) chilled carcasses or frozen (ultralow) tissues.  See 

NWHC Surveillance handout for details. 

 

 For whole birds- double bag carcasses with absorbent material, pack with several blue ice 

packs and ship as per NWHC shipping instructions. 

 

 For tissues- collect a marble size piece of kidney and spleen- place both tissues in one 

Whirl-pac bag.  Label bag with tissue type and identification information.  Roll down top 

of bag to prevent leakage.  Ship as per NWHC shipping instructions. 

 

 Complete an NWHC Submission form for each bird or set of tissues submitted for 

testing.  If submitting more than one specimen, mark bag/bird such that each bird can be 

matched to the correct submission form.   

 

 Attach NWHC submission form(s) to outside of shipping container. 

 

 Ship all specimens overnight delivery between Monday and Thursday.   

 

 Contact Emi Saito at 608-270-2456 or esaito@usgs.gov to inform her of shipment. 

 

 Contact your state WNV coordinator for test results. 
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If a cluster of birds or other wildlife species are found dead in one location or WNV is not 

suspected as the cause of death, contact Emi Saito regarding submitting specimens through 

the NWHC diagnostic system prior to shipping samples to NWHC. 

 

Monitoring and Surveillance Details specific to Solano, Napa, and Marin-Sonoma MADs are 

presented below.  

 

Solano County MAD 

 New Jersey light traps are located within 2 miles of the Refuge (Mare Island, Vallejo).  These 

traps are checked weekly to locate the heaviest adult mosquito populations.  CO2 traps may 

be used off-refuge to help determine breeding locations.   

 Sentinel chicken flocks are used to monitor for the presence of mosquito-borne diseases.  The 

closest flock to the Refuge is located in Napa and is less than 15 miles north of the Refuge.  

The chickens are bled twice monthly and results are analyzed by the California Department of 

Health Services.  

 RAMP (Rapid Analyte Measurement Platform) West Nile Virus tests are conducted to check 

mosquito pools in-house and dead birds are sent to the California State Health Board.  When 

time does not permit RAMP testing in-house, samples are sent to U. C. Davis Center for 

Vector Borne Diseases (CVEC) for testing. 

 Solano MAD staff access the Refuge (Strip Marsh, Cullinan) by foot, truck and mechanized 

vehicles (e.g., ARGOs).  Mechanized vehicles mounted with foggers and aircraft (helicopter) 

are used to apply treatments to Cullinan Ranch and the Strip Marsh. 

 During the period of 2003-04, the District averaged 24 hours annually in inspecting the 

Refuge units between the months of January through December.  Monitoring in the Figueras 

Unit occurred once per year, in Cullinan Ranch from 2 to 4 times per year and in the Strip 

Marsh south of Highway 37 from 5 to 6 times per year (Figure 3). 

 

Napa County MAD 

 1 New Jersey light trap is located at the Huichica Creek Unit and at Stanley Ranch, operated 

annually. 
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 1 sentinel chick flock is active at the Huichica Creek Unit from May to October. 

 2 or more EVS traps are operated at the Huichica Creek Unit and at Buchli Station from June 

to October.  EVS traps are also located at Napa Sanitation, Bedford Marsh, and American 

Canyon Wastewater facility. 

 

Marin-Sonoma County MAD 

 Most areas are monitored during the summer months following 5.6 or greater tides.  These 

areas are also inspected from January through March for Aedes squamiger.  Two New Jersey 

light traps are located within one mile of the Refuge at the Sears Point Farm and at Black 

Point.  Sentinel chicken flocks are located in Sonoma and Novato to monitor for the presence 

of mosquito-borne diseases. 

 RAMP (Rapid Analyte Measurement Platform) West Nile Virus tests are conducted to check 

mosquito pools in-house and dead birds are sent to the California State Health Board.   

 Access to the Refuge (Sonoma Creek, Tolay Creek, Lower Tubbs Island) occurs by truck, 

foot and kayak.  During the period 2003 to 2004 the District averaged 260 monitoring and 

surveillance hours with approximately 175 visits per year.   Monitoring occurred throughout 

the year. 

 Aircraft (primarily helicopters) are used for application of pesticides.   

 Use of mechanical controls in the form of mosquito abatement ditches covered under current 

U.S. Army Corps of Engineers permit is allowed on the Refuge.  Future maintenance of 

ditches would be addressed at the time of submission of a U.S. Corps of Engineers permit by 

the Mosquito Abatement Districts.  No new ditches are allowed unless they are part of a 

wetland restoration project or approved source reduction proposal.  Restoration projects that 

benefit wildlife habitat and reduce mosquito control activities are cooperatively planned and 

conducted with the Refuge. 
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Introduction 
 
The information contained within this document is a guide to mosquito larvicide effects on non-
target organisms.  Included is information on the four most commonly used larvicides:  
monomolecular surface films (Arosurf7), Bacillus thuringiensis israelensis (BTI), methoprene 
(Altosid7) and temephos (Abate7).  Articles presented are representative entries whose 
information would lend itself to tabulation.  This does not represent a comprehensive treatment 
of the subject.    
 
The following information is provided for each larvacide: a short description of how the larvicide 
works, a generalized synopsis of non-target effects, label application rates of various 
formulations of the product, references cited within the effects table, and a tabulation of non-
target effects on various organisms.  The table is arranged by taxonomic categories (e.g., birds, 
insects), and alphabetical within category.  Taxonomy may not be the most current.  Label 
application rates are excerpted from the manufacturer=s information sheets as follows:  

Arosurf7 now manufactured as Agnique7 by the Henkel Corporation; 
BTI (Vectobac7 products) manufactured by Abbott Laboratories; 
Methoprene (Altosid7 products) manufactured by Sandoz Agro, Inc., and Zoecon; 
Temephos (Abate7 products) manufactured by Clarke Mosquito Control Products, Inc. 

At the end of each section is an extensive bibliography of mosquito larvicide articles.   
Additional information is available on the Internet.  Two web sites that are useful include: 
 

http://ace.ace.orst.edu/info/extoxnet/pips/ghindex.html  These Pesticide Information 
Profiles provide general information on many registered pesticides, such as mode of 
action, toxicity, ecological effects, and references. 

 
http://www.famu.edu/jamsrl/peis/mosquito/mosqsearch.html The Non-target 
Search Form provides a searchable database for mosquito literature.  A search can 
be conducted by author, organism, pesticide, or a key word search.  The database 
provides abstracts for many of the articles. 
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 Arosurf7 (ISA-20E) 
 now produced as Agnique7 
 
Arosurf is a monomolecular surface film, which reduces the water surface tension.  This 
interferes with larval orientation at the air-water interface and/or increases wetting 
tracheal structures, thus suffocating the organism.  As the film spreads over the water 
surface, it tends to concentrate the larvae, which may increase mortality from crowding 
stress (Dale and Hulsman 1990). 
 
According to the Henkel Corporation, Agnique=s improvements over Arosurf center 
around removal of the byproducts that left the white residues in the drums and application 
equipment.  Removing these byproducts lowered the freezing point of the product.  The 
spreading ability was also improved, so that application of the product was made easier. 
 
 Synopsis of Non-target Effects 
  
Arosurf had no adverse effect on any of the organisms tested.  However, none of the 
studies listed investigated species such as water boatman or backswimmers. 
 
 Label Application Rates for Agnique 
 
Example habitat: Salt-marsh, ponds, storm water retention basins, roadside ditches, 

grassy swales, potholes, fields, reservoirs, irrigated croplands, etc.  Larvae: 0.2-0.5 
gal/surface acre Pupae: 0.2-0.3 gal/surface acre 

 
Example habitat: Pumping station bunkers, settings, polishing and evapo-percolation 
ponds of sewage treatment systems, drainage areas containing effluent from slaughter 
houses, etc. 

Larvae: 0.4-0.5 gal/surface acre  Pupae 0.2-0.3 gal/surface acre 
 
References Cited: 
 
Dale, P.E.R. and K. Hulsman.  1990.  A critical review of salt marsh management 

methods for mosquito control.  Review in Aquatic Sciences 3:281-311. 
 
Hester, P.G., M.A. Olson, and J.C. Dukes.  1991.  Effects of ArosurfR MSF on a variety 

of aquatic nontarget organisms in the laboratory.  J. Amer. Mosq. Control Assn. 
7:48-51. 

 
Mulla, M.S., H.A. Darwazeh, and L.L. Luna.  1983.  Monolayer films as mosquito 

control agents and their effects on non-target organisms.  Mosq. News.  43:489-
495. 
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 Table 1.  Non-target Effects of Arosurf7 (now produced as Agnique7) 
 
Classification 

 
Organism 

 
Reference 

 
Formulation 

 
Application 
Rate (study) 

 
Adverse 
Effects 

 
No 
Effects 

 
Comments 

 
       Fish 
Atheriniformes 

 
Longnose 
killifish 
(Fundulus 

simulus) 

 
Hester et 
al.1991 

 
MSF 

 
47 ml/m2 
(50 
gal/acre) 

 
 

 
   X 

 
96-hour acute static toxicity lab test 

 
     Mollusks 
Basommatophora 

 
Snail (Physa sp.) 

 
Hester et 
al.1991 

 
MSF 

 
47 ml/m2 
(50 
gal/acre) 

 
 

 
   X 

 
96-hour acute static toxicity lab test 

 
    Crustaceans 
Amphipoda 

 
Amphipod 
(Grammarus 
spp.& unknown) 

 
Hester et 
al.1991 

 
MSF 

 
47 ml/m2 
(50 
gal/acre) 

 
 

 
    X 

 
96-hour acute static toxicity lab test 

 
Anostraca 

 
Fairy shrimp 
(Streptocephalus 

seali) 

 
Hester et 
al.1991 

 
MSF 

 
47 ml/m2 
(50 
gal/acre) 

 
 

 
   X 

 
96-hour acute static toxicity lab test 

 
Copepoda 

 
Copepods 

 
Mulla et al 
1983 

 
MSF 

 
0.5-0.75 
gal/acre 

 
 

 
   X 

 
information from abstract 

 
Decapoda 

 
Fiddler crab 
(Uca spp.) 

 
Hester et 
al.1991 

 
MSF 

 
47 ml/m2 
(50 
gal/acre) 

 
 

 
   X 

 
96-hour acute static toxicity lab test 
(3.3% mortality, not attributed to 
test) 

 
Decapoda 

 
Freshwater 
shrimp 
(Palaemonetes 

 
Hester et 
al.1991 

 
MSF 

 
47 ml/m2 
(50 
gal/acre) 

 
 

 
   X 

 
96-hour acute static toxicity lab test 
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paludosus) 
 
Decapoda 

 
Grass shrimp 
(Palaemonetes 

pugio) 

 
Hester et 
al.1991 

 
MSF 

 
47 ml/m2 
(50 
gal/acre) 

 
 

 
   X 

 
96-hour acute static toxicity lab test 

 
Decapoda 

 
Crayfish 
(Procambarius 

spp.) 

 
Hester et 
al.1991 

 
MSF 

 
47 ml/m2 
(50 
gal/acre) 

 
 

 
   X 

 
96-hour acute static toxicity lab test 

 
Isopoda 

 
Isopod (Asellus 

spp.) 

 
Hester et 
al.1991 

 
MSF 

 
47 ml/m2 
(50 
gal/acre) 

 
 

 
   X 

 
96-hour acute static toxicity lab test 

 
Ostracoda 

 
Seed shrimp 

 
Mulla et al 
1983 

 
MSF 

 
0.5-0.75 
gal/acre 

 
 

 
   X 

 
information from abstract 

 
   Insects 
Coleoptera 

 
Diving Beetle 
adults (Berosus 

metalliceps) 

 
Mulla et al 
1983 

 
MSF 

 
0.5-0.75 
gal/acre 

 
 

 
   X 

 
information from abstract 

 
Ephemeroptera 

 
Mayfly naiads 
(Callibaetis 

pacificus) 

 
Mulla et al 
1983 

 
MSF 

 
0.5-0.75 
gal/acre 

 
 

 
     X 

 
information from abstract 

 
    Annelids 
Polychaeta 

 
Polychaete 
(Laeonereis 

culveri) 

 
Hester et 
al.1991 

 
MSF 

 
47 ml/m2 
(50 
gal/acre) 

 
 

 
   X 

 
96-hour acute static toxicity lab test 
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 Bacillus thuringiensis israelensis (BTI) 
 
BTI is a bacterial pathogen which produces a parasporal body know as a Acrystal.@  This toxin 
kills larvae rapidly by attacking the plasma membrane of the gut epithelia (Dale and Hulsman, 
1990).  BTI forms asexual reproductive spores that enable it to survive adverse conditions; 
during spore formation, BTI produces unique crystalline bodies as a companion product.  These 
spores and crystals must be ingested before they act as poisons to target insects (referred to as a 
Astomach@ poison).  The crystals dissolve in response to intestinal conditions of susceptible insect 
larvae.  The toxins released paralyze the gut, thus interfering with normal digestion which 
triggers the insect to stop feeding.  Then the BTI spores can invade other tissues and multiply in 
the bloodstream until the insect dies.  BTI is ineffective against adult insects.  BTI is effective 
against mosquitoes, black flies, and certain midges.  Other strains of Bacillus thuringiensis are 
effective against other insects, such as the wax moth, gypsy moth and cabbage looper, and a new 
strain has been found is effective against the boll weevil (Pesticide Information Profile, 
EXTOXNET). 
 
 Synopsis of Non-target Effects 
 
The attached Table 2 presents detailed information regarding the effects of BTI on non-target 
organisms.  A few generalizations can be drawn from this information.  Target organisms for BTI 
applications are various species of mosquitoes (both freshwater and salt marsh) and black flies.  
Effectiveness of BTI on mosquito species is not included.  Chironomids, also a Dipteran (like 
mosquitoes and black flies), were primarily the non-target group adversely affected by BTI, but 
this also varied by species.  A 3-year study found the other Dipterans (crane flies and stone flies) 
were affected in the third year of the study, as were the Ephemeropterans (mayflies).  
 
 Label Application Rates 
 
Vectobac G (200 International Toxic Units/mg = 0.091 billion ITU/lb) 

Habitat: irrigation/roadside ditches, floodwater, standing ponds, woodland pools, catch 
basins, storm water retention ponds, tidal water, and salt marshes 

Application Rate: 2.5 - 10 lbs/acre 
 

Late 3rd  instar or early 4th instar, high populations, or heavily polluted water (sewage 
lagoons, etc.)  or abundant algae 

Application Rate: 10 - 20 lbs/acre. 
 

Allow 7 to 14 days between applications. 
 
Vectobac 12AS (1200 ITU/mg = 4.84 billion ITU/gal or 1.279 billion ITU/liter) 

Mosquito habitat: irrigation/roadside ditches, floodwater, standing ponds, woodland 
pools, catch basins, storm water retention ponds, tidal water, salt marshes, rice fields 

Application rate:  0.25 - 1 pt/acre 
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Use higher rate in polluted water and when late 3rd and early 4th instar larvae predominate, 
when mosquito population is high, water is heavily polluted, or abundant algae 

Application rate:   1- 2 pts/acre 
 

Blackfly habitat B streams 
stream water (=ppm) for 1 minute exposure time: 0.5 - 25mg/liter 
stream water (=ppm) for 10 minute exposure time: 0.05 - 2.5 mg/liter 

(use higher rate range when stream contains high concentration of organic 
materials, algae or dense aquatic vegetation) 

 
 
Vectobac CG (200 ITU/mg = 0.091 billion ITU/lb) 

Habitat: irrigation/roadside ditches, floodwater, standing ponds, woodland pools, catch 
basins, storm water retention ponds, tidal water, salt marshes, rice fields 

Application rate: 2.5 - 10 lb/acre 
 

Allow 7 to 14 days between applications. 
 
Web Site: 
 
Pesticide Information Profiles, EXTOXNET 

http://ace.ace.orst.edu/info/extoxnet/pips/ghindex.html 
 
References Cited: 
 
Charbonneau, C.S., R.D. Drobney, and C.F. Rabeni.  1994.  Effects of Bacillus thuringiensis var. 

Israelensis on nontarget benthic organisms in a lentic habitat and factors affecting the 
efficacy of the larvicide.  Environ. Tox. Chem. 13:267-279. 

 
Cilek, J.E. and F.W. Knapp.  1992.  Distribution and control of Chironomus riparius (Diptera: 

Chironomidae) in a polluted creek.  J. Amer. Mosq. Control Assn.  8:181-183. 
 
Colbo, M.H. and A.H. Undeen.  1980.  Effect of Bacillus thuringiensis var. israelensis on non-

target insects in stream trials for control of Simuliidae.  Mosq. News 40:368-371. 
 
Dale, P.E.R. and K. Hulsman.  1990.  A critical review of salt marsh management methods for 

mosquito control.  Review in Aquatic Sciences 3:281-311. 
Hershey, A.E., A.R. Lima, G.J. Niemi, and R.R. Regal.  1998.  Effects of Bacillus thuringiensis 

israelensis (BTI) and methoprene on nontarget macroinvertebrates in Minnesota 
wetlands.  Ecol.  Appl.  8:41-60. 
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Knepper, R.G. and E.D. Walker.  1989.  Effect of Bacillus thuringiensis israelensis (H-14) on 
the isopod Asellus forbesi and the spring Aedes mosquitoes in Michigan.  J.  Am Mosq.  
Control Assoc.  5:596-598. 

 
Lee, B.M. and G.I. Scott.  1989.  Acute toxicity of temephos, fenoxycarb, diflubenzuron, and 

methoprene and  Bacillus thuringiensis var. israelensis to the Mummichog (Fundulus 

heteroclitus).  Bull. Environ. Contamin. And Toxicol.  43:827-832. 
 
Miura, T., R.M. Takahashi, and F.S. Mulligan, III.  1980.  Effects of the bacterial mosquito 

larvicide, Bacillus thuringiensis serotype 14 on selected aquatic organisms.  Mosq. News 
40:619-622. 

 
Molloy, D.P.  1992.  Impact of the black fly (Diptera: Simuliidae) control agent Bacillus 

thuringienses var. Israelensis on chironomids (Diptera: Chironomidae) and other 
nontarget insects: results of ten field trials.  J. Amer. Mosq. Control Assn.  8:24-31. 

 
Molloy, D. And H. Jamnback.  1981.  Factors influencing efficacy of Bacillus thuringiensis var. 

israelensis as a blackfly biocontrol agent and its effect on nontarget stream insects.  J. 
Econ. Entomol. 74:314-318. 

 
Mulligan, F.S., III and C.H. Schaefer.  1981.  Integration of a selective mosquito control agent 

Bacillus thuringiensis Serotype H-14, with natural predator populations in 
pesticide-sensitive habitats.  Proceedings California Mosquito Vector Control 
Association 49:19-22.  

Rodcharoen, J., M.S. Mulla and J.D. Chaney.  1991.  Microbial larvicides for the control of 
nuisance aquatic midges (Diptera: Chironomidae) inhabiting mesocosms and man-made 
lakes in California.  J. Amer. Mosq. Control Assn.  7:56-62. 
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  Table 2.  Non-target Effects of BTI 
 
Classification 

 
Organism 

 
Reference 

 
Formulation 

 
Application Rate 
(study) 

 
Adverse 
Effects 

 
   No 
Effects 

 
Comments 

 
       Fish 
Atheriniformes 

 
Mummichog 
(Fundulus 

heteroclitus) 

 
Lee & Scott 
1989 

 
Vectobac EC 

 
 

 
 

 
 

 
96-hour LC50 = 980 mg/L 
(1,176,000 ITU/L); no effect 
conc. =22.36 mg/L 

 
Cypriniformes 

 
Golden Shiner 
(Notemigonus 

crysoleucas) 

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(69269 
ITU/mg) 

 
1.0 kg/ha &  
2.0 kg/ha 

 
 

 
     X 

 
hand applied to bait fish ponds 

 
   Crustaceans 
Cladocera 

 
Water fleas 

 
Miura et al 
1980 

 
SAN 402 I 
WDC 

 
0.25 kg/ha 
(~1.3x103 
spores/ml) & 1 
kg/ha (~5.4x103 
spores/ml) 

 
 

 
    X 

 
experimental plots 

 
Cladocera 

 
Water fleas 

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(55222 
ITU/mg) 

 
0.8 kg/ha 

 
 

 
    X 

 
aerially applied to wetlands 

 
Conchostraca 

 
Clam Shrimp 

 
Miura et al 
1980 

 
SAN 402 I 
WDC 

 
0.25 kg/ha 
(~1.3x103 
spores/ml) & 1 
kg/ha (~5.4x103 
spores/ml) 

 
 

 
     X 

 
experimental plots 
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Copepoda Copepods Miura et al 
1980 

SAN 402 I 
WDC 

0.25 kg/ha 
(~1.3x103 
spores/ml) & 1 
kg/ha (~5.4x103 
spores/ml) 

      X experimental plots 

 
Copepoda 

 
Eucopepoda 

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(55222 
ITU/mg) 

 
0.8 kg/ha 

 
 

 
    X 

 
aerially applied to wetlands 

 
Isopoda 

 
 Asellus forbesi 

 
Knepper & 
Walker 1989 

 
Bti 

 
 

 
 

 
    X 

 
hardwood bottomland pools; 
isopods not negatively affected 
(information from abstract) 

 
Ostracoda 

 
Podocopa 

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(55222 
ITU/mg) 

 
0.8 kg/ha 

 
 

 
    X 

 
aerially applied to wetlands 

 
Ostracoda 

 
Seed shrimp 

 
Miura et al 
1980 

 
SAN 402 I 
WDC 

 
0.25 kg/ha 
(~1.3x103 
spores/ml) & 1 
kg/ha (~5.4x103 
spores/ml) 

 
 

 
     X 

 
experimental plots 

 
  Insects 
Coleoptera 

 
Beetles 

 
Colbo & 
Undeen 1980 

 
B.t. H-14 

 
1x105spores/ml 

 
 

 
      X 

 
flowing stream 

 
Coleoptera 

 
Beetles 

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(57620 
ITU/mg) 

 
1.1 kg/ha 

 
 

 
   X 

 
aerially applied to duck club pond 
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Coleoptera 

 
Beetles 

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(55222 
ITU/mg) 

 
0.8 kg/ha 

 
 

 
   X 

 
aerially applied to wetlands 

 
Coleoptera 

 
Beetles 

 
Hershey et 
al.  1998 

 
Vectobac G 

 
11.720.64 
kg/ha 

 
    

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (1991-1993 long-term 
effects study); significantly 
reduced in 1993 season only; not 
significantly reduced over the 3-
yr period 

 
Coleoptera 

 
Dytiscid beetles 

 
Miura et al 
1980 

 
SAN 402 I 
WDC 

 
0.25 kg/ha 
(~1.3x103 
spores/ml) & 1 
kg/ha (~5.4x103 
spores/ml) 

 
 

 
      X 

 
experimental plots 

 
Coleoptera 

 
Elmids 

 
Molloy & 
Jamnback 
1981 

 
Primary powder 
(R153-78) 

 
0.5ppm conc. 
(1.4x108 
spores/mg) 

 
 

 
   X 

 
stream study, flow rate 1770 
l/min; water temp. range 8o- 17oC 

 
Coleoptera 

 
Hydrophilid 
beetles 

 
Miura et al 
1980 

 
SAN 402 I 
WDC 

 
0.25 kg/ha 
(~1.3x103 
spores/ml) & 1 
kg/ha (~5.4x103 
spores/ml) 

 
 

 
      X 

 
experimental plots 

 
Diptera 

 
Biting midges 

 
Hershey et 

 
Vectobac G 

 
11.720.64 

 
    X 

 
 

 
natural wetlands; aerial 
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Ceratopogonids al.  1998 kg/ha application, 6 treatments per year 
for 3 years (1991-1993 long-term 
effects study); not affected until 
3rd year, reduced by 67% in 1993; 
reduced by 29% over the 3-yr 
period 

 
Diptera 

 
Black flies 

 
Molloy & 
Jamnback 
1981 

 
Primary powder 
(R153-78) 

 
0.5ppm conc. 
(1.4x108 
spores/mg) 

 
     X 

 
 

 
stream study, flow rate 1770 
l/min; water temp. range 8o- 17oC 

 
Diptera 

 
Black flies 

 
Molloy 1992 

 
Bactimos WP 
Teknar WDC 
Vectobac WP 

 
ranged from 
3.7ppm/15 min 
to 50ppm/1min 

 
     X 

 
 

 
flowing streams; water temp. 
ranged from 3oC to 17oC; 
discharge rates ranged from 168 
l/min to 20,740 l/min 

 
Diptera 

 
Black flies 
(Simuliidae) 

 
Colbo & 
Undeen 1980 

 
B.t. H-14 

 
1x105spores/ml 

 
      X 

 
 

 
flowing stream 

 
Diptera 

 
Chironomid: 
Procladius 

bellus & 

Tanypus 

neopunctipenni

s 

 
Rodcharoen 
et al.  1991 

 
Vectobac 6253 
(200 ITU/mg) 
corn grit 
granules 

 
56 kg/ha 

 
 

 
   X 

 
lake study; no effect 

 
Diptera 

 
Chironomid: 
Chironomus 

decorus 

 
Rodcharoen 
et al.  1991 

 
Vectobac 6253 
(200 ITU/mg) 
corn grit 

 
56 kg/ha 

 
    X 

 
 

 
lake study; 42-67% control for 3 
weeks 
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granules 
 
Diptera 

 
Chironomid: 
Procladius 

bellus & 

Tanypus 

neopunctipenni

s 

 
Rodcharoen 
et al.  1991 

 
Vectobac ABG 
6164 (technical 
powder) 

 
1.4 kg/ha 
2.8 kg/ha 

 
 

 
    X 

 
lake study; no effect noted 

 
Diptera 

 
Chironomid: 
Chironomus 

decorus 

 
Rodcharoen 
et al.  1991 

 
Vectobac 
technical powder 
(5,000 ITU/mg) 

 
2.2 kg/ha 
4.5 kg/ha 
6.7 kg/ha 

 
   X 

 
 

 
lake study; lower rate yielded 
maximum control of 66% at 2 
weeks; middle rate yielded higher 
level of control; higher rate 
yielded 95% control at 1 week, 
then 100% at 2-3 weeks; higher 2 
rates yielded over 70% control for 
4 weeks 

 
Diptera 

 
Chironomid: 
Chironomus 

decorus 

 
Rodcharoen 
et al.  1991 

 
Vectobac 6264 
(400 ITU/mg)  
corn grit 
granules 

 
11.2 kg/ha 
19.1 kg/ha 

 
 

 
 

 
lake study: Amediocre@ control 
(32 & 47% respectively) for 
about 2 weeks 

 
Diptera 

 
Chironomid: 
Procladius 

bellus & 

Tanypus 

grodhausi 

 
Rodcharoen 
et al.  1991 

 
Vectobac 6253 
(200 ITU/mg) 
corn grit 
granules 

 
13.5 kg/ha 
28 kg/ha 
56kg/ha 

 
 

 
   X 

 
lake study; unaffected even at 
highest rate 
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Diptera Chironomid: 
Dicrotendipes 
sp. 

Rodcharoen 
et al.  1991 

Vectobac 6264 
(400 ITU/mg)  
corn grit 
granules 

11.2 and 22.4 
kg/ha 

    X  mesocosm studies; highly 
susceptible 

 
Diptera 

 
Chironomid: 
Chironomus 

decorus 

 
Rodcharoen 
et al.  1991 

 
Vectobac ABG 
6164 (technical 
powder) 

 
1.4 kg/ha 
2.8 kg/ha 

 
   X 

 
 

 
lake study; lower rate yielded 
maximum reduction of 73% 2 
weeks post treatment and lasted 
about 4 weeks; high rate yielded 
max.  control of 87% at 3 weeks 
post treatment 

 
Diptera 

 
Chironomid: 
Chironomus sp. 

 
Rodcharoen 
et al.  1991 

 
Vectobac 6253 
(200 ITU/mg) 
corn grit 
granules 

 
22.4 and 44.8 
kg/ha 

 
    X 

 
 

 
mesocosm studies; highly 
susceptible to higher rate 

 
Diptera 

 
Chironomid: 
Chironomus sp. 

 
Rodcharoen 
et al.  1991 

 
Vectobac 6 AS 
(aqueous 
suspension) 

 
11.2 and 22.4 
kg/ha 

 
    X 

 
 

 
mesocosm studies; 11.2 kg/ha 
yielded 37% control at 1 week 
post treatment; 22.4 kg/ha yielded 
57% control at 2 weeks post 
treatment; conclusion that control 
not evident until 2 weeks post 
treatment 

 
Diptera 

 
Chironomid: 
Procladius sp. 

 
Rodcharoen 
et al.  1991 

 
Vectobac 6264 
(400 ITU/mg)  
corn grit 
granules 

 
11.2 and 22.4 
kg/ha 

 
 

 
   X 

 
mesocosm studies; lower rate 
yielded 24% control after 1 week; 
higher rate no effect; conclusion 
little to no control 
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Diptera 

 
Chironomid: 
Chironomus sp. 

 
Rodcharoen 
et al.  1991 

 
Vectobac ABG-
6164 (technical 
powder) 

 
5.6 and 11.2 
kg/ha 

 
   X 

 
 

 
mesocosm studies; yielded 98% 
and 100% control (respectively) 
at 2 weeks post treatment 

 
Diptera 

 
Chironomid: 
Paratanytarsus 
sp. 

 
Rodcharoen 
et al.  1991 

 
Vectobac 6264 
(400 ITU/mg)  
corn grit 
granules 

 
11.2 and 22.4 
kg/ha 

 
 

 
   X 

 
mesocosm studies;  conclusion 
little to no control 

 
Diptera 

 
Chironomid: 
Paratanytarsus 
sp. 

 
Rodcharoen 
et al.  1991 

 
Vectobac 6253 
(200 ITU/mg) 
corn grit 
granules 

 
22.4 and 44.8 
kg/ha 

 
 

 
   X 

 
mesocosm studies;  conclusion 
little to no control 

 
Diptera 

 
Chironomid: 
Chironomus 

decorus 

 
Rodcharoen 
et al.  1991 

 
Vectobac 6253 
(200 ITU/mg) 
corn grit 
granules 

 
13.5 kg/ha 
28 kg/ha 
56kg/ha 

 
     X 

 
 

 
lake study; lowest rate showed 
only 22% control at 2 weeks; 
higher rates showed 83% and 
96% control (respectively); 
control of over 70% at 2 higher 
rates lasted over 4 weeks 

 
Diptera 

 
Chironomid: 
Dicrotendipes 
sp. 

 
Rodcharoen 
et al.  1991 

 
Vectobac 6253 
(200 ITU/mg) 
corn grit 
granules 

 
22.4 and 44.8 
kg/ha 

 
     X 

 
 

 
mesocosm studies; highly 
susceptible 
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Diptera Chironomid: 
Chironomus sp. 

Rodcharoen 
et al.  1991 

Vectobac 6264 
(400 ITU/mg)  
corn grit 
granules 

11.2 and 22.4 
kg/ha 

    X  mesocosm studies; highly 
susceptible 

 
Diptera 

 
Chironomid: 
Procladius sp. 

 
Rodcharoen 
et al.  1991 

 
Vectobac 6253 
(200 ITU/mg) 
corn grit 
granules 

 
22.4 and 44.8 
kg/ha 

 
 

 
    X 

 
mesocosm studies; lower rate no 
effect; higher rate yielded 17% 
control after 1 week conclusion 
little to no control 

 
Diptera 

 
Chironomidae 

 
Hershey et 
al.  1998 

 
Vectobac G 

 
11.720.64 
kg/ha 

 
    X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (1991-1993 long-term 
effects study); reduced by 66% in 
1992 & 84% in 1993 

 
Diptera 

 
Chironomids 

 
Cilek & 
Knapp 1992 

 
Vectobac-6AS 

 
50 ppm 

 
      X 

 
 

 
field test in flowing creek, 
velocity 0.8 m/s & 0.5 m/s, water 
temp. 25oC, pH 7.5 

 
Diptera 

 
Chironomids 

 
Cilek & 
Knapp 1992 

 
Vectobac-G 

 
22.4 kg/ha 

 
 

 
      X 

 
field test in flowing creek, 
velocity 0.1 m/s, water temp. 
25oC, pH 7.5 

 
Diptera 

 
Chironomids 

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(55222 
ITU/mg) 

 
0.8 kg/ha 

 
 

 
 

 
aerially applied to wetlands; peak 
numbers 1 day after treatment, 
with gradual decline thereafter 

 
Diptera 

 
Chironomids 

 
Molloy & 
Jamnback 

 
Primary powder 
(R153-78) 

 
0.5ppm conc. 
(1.4x108 

 
 

 
   X 

 
stream study, flow rate 1770 
l/min; water temp. range 8o- 17oC 
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1981 spores/mg) 
 
Diptera 

 
Chironomids 

 
Miura et al 
1980 

 
SAN 402 I 
WDC 

 
0.25 kg/ha 
(~1.3x103 
spores/ml) & 1 
kg/ha (~5.4x103 
spores/ml) 

 
      X 

 
 

 
experimental plots; all larvae 
collected were killed w/i 2 days 
of treatment, but daily collections 
rapidly increased indicating short-
term effects 

 
Diptera 

 
Chironomids 
(filter-feeders; 
Rheotanytarsus 

spp.) 

 
Molloy 1992 

 
Bactimos WP 
Teknar WDC 
Vectobac WP 

 
ranged from 
3.7ppm/15 min 
to 50ppm/1min 

 
    X 

 
 

 
flowing streams; water temp. 
ranged from 3oC to 17oC; 
discharge rates ranged from 168 
l/min to 20,740 l/min 

 
Diptera 

 
Chironomids B 
Other 

 
Molloy 1992 

 
Bactimos WP 
Teknar WDC 
Vectobac WP 

 
ranged from 
3.7ppm/15 min 
to 50ppm/1min 

 
 

 
    X 

 
flowing streams; water temp. 
ranged from 3oC to 17oC; 
discharge rates ranged from 168 
l/min to 20,740 l/min 

 
Diptera 

 
Chironomids 

 
Colbo & 
Undeen 1980 

 
B.t. H-14 

 
1x105spores/ml 

 
 

 
      X 

 
flowing stream 

 
Diptera 

 
Chironomids 

 
Charbonneau 
et at 1994 

 
Vectobac-G 

 
28.1 kg/ha 

 
 

 
      X 

 
adversely affected in lab, but 
environmental factors 
(temperature, larval instar, water 
depth & water surface area 
coverage) reduced efficacy in the 
field 

 
Diptera 

 
Chironomids 

 
Charbonneau 
et al 1994 

 
Vectobac-G 

 
5.6 kg/ha 

 
 

 
     X 

 
adversely affected in lab, but 
environmental factors 
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(temperature, larval instar, water 
depth & water surface area 
coverage) reduced efficacy in the 
field 

 
Diptera 

 
Chironomids B 
predatory 

 
Hershey et 
al.  1998 

 
Vectobac G 

 
11.720.64 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (1991-1993 long-term 
effects study); reduced 62% in 
1992 & 83% in 1993 

 
Diptera 

 
Crane flies 
(Tipulidae) 

 
Hershey et 
al.  1998 

 
Vectobac G 

 
11.720.64 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (1991-1993 long-term 
effects study); reduced by 73% 
over the 3-yr treatment period 

 
Diptera 

 
Diptera 

 
Hershey et 
al.  1998 

 
Vectobac G 

 
11.720.64 
kg/ha 

 
    X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (1991-1993 long-term 
effects study); over 3-yr study 
total reduction = 63%  

 
Diptera 

 
Nematocera 

 
Hershey et 
al.  1998 

 
Vectobac G 

 
11.720.64 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (1991-1993 long-term 
effects study); over 3-yr treatment 
total reduction = 67% 
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Diptera Soldier flies 
(Stratiomyidae) 

Hershey et 
al.  1998 

Vectobac G 11.720.64 
kg/ha 

   X  natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (1991-1993 long-term 
effects study); reduced in 1993 
season only, reduction =74%; 
yielding 56% reduction over the 
3-yr period 

 
Ephemeroptera 

 
May flies 
(Brachycera) 

 
Hershey et 
al.  1998 

 
Vectobac G 

 
11.720.64 
kg/ha 

 
    X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (1991-1993 long-term 
effects study); showed no effect 
until 1993 when reduced by 66% 

 
Ephemeroptera 

 
Mayflies 

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(55222 
ITU/mg) 

 
0.8 kg/ha 

 
 

 
   X 

 
aerially applied to wetlands 

 
Ephemeroptera 

 
Mayflies   

 
Miura et al 
1980 

 
SAN 402 I 
WDC 

 
0.25 kg/ha 
(~1.3x103 
spores/ml) & 1 
kg/ha (~5.4x103 
spores/ml) 

 
 

 
     X 

 
experimental plots 

 
Ephemeroptera 

 
Mayflies   

 
Molloy 1992 

 
Bactimos WP 
Teknar WDC 
Vectobac WP 

 
ranged from 
3.7ppm/15 min 
to 
50ppm/1min 

 
 

 
     X 

 
flowing streams; water temp. 
ranged from 3oC to 17oC; 
discharge rates ranged from 168 
l/min to 20,740 l/min 
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Ephemeroptera Mayflies   Molloy & 
Jamnback 
1981 

Primary powder 
(R153-78) 

0.5ppm conc. 
(1.4x108 
spores/mg) 

      X stream study, flow rate 1770 
l/min; water temp. range 8o- 17oC 

 
Ephemeroptera 

 
Mayflies 

 
Colbo & 
Undeen 1980 

 
B.t. H-14 

 
1x105spores/ml 

 
 

 
      X 

 
flowing stream 

 
Hemiptera 

 
Corixids 

 
Miura et al 
1980 

 
SAN 402 I 
WDC 

 
0.25 kg/ha 
(~1.3x103 
spores/ml) & 1 
kg/ha (~5.4x103 
spores/ml) 

 
 

 
      X 

 
experimental plots 

 
Hemiptera 

 
Notonectids 

 
Miura et al 
1980 

 
SAN 402 I 
WDC 

 
0.25 kg/ha 
(~1.3x103 
spores/ml) & 1 
kg/ha (~5.4x103 
spores/ml) 

 
 

 
       X 

 
experimental plots 

 
Hemiptera 

 
True bugs  

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(55222 
ITU/mg) 

 
0.8 kg/ha 

 
 

 
   X 

 
aerially applied to wetlands 

 
Hemiptera 

 
True bugs  

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(57620 
ITU/mg) 

 
1.1 kg/ha 

 
 

 
   X 

 
aerially applied to duck club pond 

 
Odonata 

 
Damselflies 

 
Miura et al 
1980 

 
SAN 402 I 
WDC 

 
0.25 kg/ha 
(~1.3x103 
spores/ml) & 1 

 
 

 
      X 

 
experimental plots 
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kg/ha (~5.4x103 
spores/ml) 

 
Odonata 

 
Damselflies 
(Zygoptera) 

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(55222 
ITU/mg) 

 
0.8 kg/ha 

 
 

 
   X 

 
aerially applied to wetlands 

 
Odonata 

 
Dragonflies & 
Damselflies 

 
Colbo & 
Undeen 1980 

 
B.t. H-14 

 
1x105spores/ml 

 
 

 
      X 

 
flowing stream 

 
Odonata 

 
Dragonflies 
(Anisoptera) 

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(55222 
ITU/mg) 

 
0.8 kg/ha 

 
 

 
   X 

 
aerially applied to wetlands 

 
Odonata 

 
Dragonflies 
(Anisoptera) 

 
Mulligan & 
Schaefer 
1981 

 
B.t. H-14 
(57620 
ITU/mg) 

 
1.1 kg/ha 

 
 

 
   X 

 
aerially applied to duck club pond 

 
Odonata 

 
Dragonflies 

 
Miura et al 
1980 

 
SAN 402 I 
WDC 

 
0.25 kg/ha 
(~1.3x103 
spores/ml) & 1 
kg/ha (~5.4x103 
spores/ml) 

 
 

 
     X 

 
experimental plots 

 
Plecoptera 

 
Stoneflies 

 
Colbo & 
Undeen 1980 

 
B.t. H-14 

 
1x105spores/ml 

 
 

 
      X 

 
flowing stream 

 
Plecoptera 

 
Stoneflies 

 
Molloy & 
Jamnback 
1981 

 
Primary powder 
(R153-78) 

 
0.5ppm conc. 
(1.4x108 
spores/mg) 

 
 

 
      X 

 
stream study, flow rate 1770 
l/min; water temp. range 8o- 17oC 
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Trichoptera 

 
Caddisflies 

 
Colbo & 
Undeen 1980 

 
B.t. H-14 

 
1x105spores/ml 

 
 

 
      X 

 
flowing stream 

 
Trichoptera 

 
Caddisflies 

 
Molloy & 
Jamnback 
1981 

 
Primary powder 
(R153-78) 

 
0.5ppm conc. 
(1.4x108 
spores/mg) 

 
 

 
     X 

 
stream study, flow rate 1770 
l/min; water temp. range 8o- 17oC 

 
Trichoptera 

 
Caddisflies 

 
Molloy 1992 

 
Bactimos WP 
Teknar WDC 
Vectobac WP 

 
ranged from 
3.7ppm/15 min 
to 
50ppm/1min 

 
 

 
   X 

 
flowing streams; water temp. 
ranged from 3oC to 17oC; 
discharge rates ranged from 168 
l/min to 20,740 l/min. 

 
Miscellaneous 

 
Non-dipteran 
predators 

 
Hershey et 
al.  1998 

 
Vectobac G 

 
11.720.64 
kg/ha 

 
    X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (1991-1993 long-term 
effects study); no significant 
seasonal effect in 1991 & 1992, 
but significant reduction in 1993  

 
Miscellaneous 

 
Total predatory 
insects 

 
Hershey et 
al.  1998 

 
Vectobac G 

 
11.720.64 
kg/ha 

 
      X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (1991-1993 long-term 
effects study); no significant 
seasonal effect in 1991 & 1992, 
but 60% reduction in 1993  

 
Miscellaneous 

 
Non-insect 
macro-
invertebrates 

 
Hershey et 
al.  1998 

 
Vectobac G 

 
11.720.64 
kg/ha 

 
 

 
   X 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (1991-1993 long-term 
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effects study)  
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 Methoprene 
 
Methoprene is an insect growth regulator (IGR), which mimics juvenile hormones (Dale 
and Hulsman 1990).  It interferes with the insect=s maturation stages and makes it 
impossible for the insect to reach the adult stage, thus preventing it from reproducing.  
Methoprene is considered a biochemical pesticide because it interferes with the life cycle 
rather than direct toxicity.  To be effective, it must be administered at the proper life stage 
of the mosquito (or target species).  It is not toxic to pupal or adult stages.  Treated larvae 
will pupate, but will not emerge as adults (Pesticide Information Profiles, EXTOXNET). 
 
 Synopsis of Non-target Effects 
 
As seen in Table 3, methoprene had no effect on the vertebrate species tested.  Mixed 
effects were seen for snails, and crustaceans such as grass shrimp and mud crabs.  Insects 
most affected were dipterans, with some mixed effects reported for mayflies and some 
coleopterans. 
 
 Label Application Rates 
 
Altosid7 Liquid Larvicide (A.L.L.)  effective on 2nd, 3rd, or 4th instar larvae of floodwater 

mosquitoes; has no effect on pupae or adult mosquitoes 
 

Crop Areas: irrigated croplands after flooding, e.g. vineyards, rice fields, irrigated 
pastures, berry fields, orchards, bogs.   Application Rate: 3 to 4 fluid ounces/acre 
(219 to 293 ml/hectare) in water. 

 
Intermittently Flooded Areas: freshwater swamps and marshes, salt marshes, 
woodland pools and meadows, dredging spoil sites, drainage areas, waste 
treatment and settling ponds, ditches and other natural or man-made depressions.  
Application Rate: 3 to 4 fluid ounces/acre (219 to 293 ml/hectare) in water. 

 
Dense Vegetation or Canopy Areas: Apply A.L.L. on sand granules at standard 
application rate (as stated above). 

 
Altosid7 Pellets is toxic to aquatic dipteran (mosquitoes) and Chironomid (midge) larvae. 

 It has no effect on pupal or adult stage mosquitoes; pellets release effective levels 
for up to 30 days. 

 
Floodwater Sites: pastures, meadows, rice fields, freshwater swamps and marshes, 
salt and tidal marshes, cattail marshes, woodland pools, floodplains, tires, and 
other artificial water-holding containers.  Application Rate: 2.5 - 5.0 lb/acre. 

 



J-27 
 

Floodwater Sites: dredging spoil sites, waste treatment and settling ponds, ditches 
and other man-made depressions.  Application Rate: 5.0 - 10.0 lb/acre. 

 
Permanent Water Sites: ornamental ponds and fountains, fish ponds, cattail 
marshes, water hyacinth beds, flooded crypts, transformer vaults, swimming pools 
and other man-made depressions, etc.  Application Rate: 2.5 - 5.0 lb/acre 

 
Permanent Water Sites: storms drains, catch basins, roadside ditches, cesspools, 
septic tanks, waste settling ponds, vegetation-choked phosphate pits.  Application 
Rate: 5.0 - 10.0 lb/acre. 

 
Altosid7 XR-G (extended residual granules) is toxic to aquatic dipteran; it has no effect 

on pupal or adult life stages; length of control up to 21 days, but actual length 
depends on duration and frequency of flooding. 

 
Non-Crop Areas: snow pools, salt and tidal marshes, freshwater swamps and 
marshes, woodland pools and meadows, dredging spoil sites, drainage areas, 
ditches, water-holding receptacles and other natural or man-made depressions. 

 
Aedes, Anopheles, and Psorophora spp.  Application Rate: 5 - 10 lb/acre (5.6 - 
11.2 kg/ha).  Culex, Culiseta, Coquillettidia, and Mansonia spp.  Application 
Rate: 10 - 20 lb/acre (11.2 - 22.4 kg/ha).  Within these rates, use lower rate when 
water is shallow (2 ft. [60 cm]) and vegetation and/or pollution are minimal.  
Use higher rates when water is deep (2 feet) and vegetation and/or pollution are 
heavy. 

 
Altosid7 Briquets: toxic to aquatic dipterans; no effect on pupal or adult stage mosquitoes; 

under normal conditions, repeat treatment every 30 days; designed to control 
mosquitoes in small bodies of water. 

 
Sites: storm drains, catch basins, roadside ditches, fish ponds, ornamental ponds 
and fountains, septic tanks, waste treatment and settling ponds, abandoned 
swimming pools, other man-made depressions, cattail marshes, water hyacinth 
beds, pastures, meadows, rice fields, freshwater swamps and marshes, salt and 
tidal marshes, woodland pools, floodplains, dredging spoil sites. 

 
Application Rates: non-(or low) flow, shallow depressions (up to 2 ft.  deep), treat 
on basis of surface area placing one briquet per 100 sq.  ft.  Flowing water or 
deeper than 2 ft, treat on basis of volume, one briquet per 10 cu ft.  (75 gal of 
water). 
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Altosid7 XR (extended residual briquets): toxic to aquatic dipterans; no effect of pupal or 
adult stage mosquitoes; one application should last entire breeding season, or 150 
days. 

 
Sites: storm drains, catch basins, roadside ditches, fish ponds, waste treatment and 
settling ponds, cattail marshes, meadows, rice fields, freshwater swamps and 
marshes, salt and tidal marshes, woodland pools, floodplains and dredging spoil 
sites. 

 
Application Rates: Aedes and Psorophora spp.  in non-(or low) flow shallow 
depressions (2 ft.  deep) treat on basis of surface area - 1 briquet per 200 ft2.  
Culex, Culiseta, and Anopheles spp. - 1 briquet per 100 ft2.  Coquillettidia and 
Mansonia spp.  for application to cattail marshes and water hyacinth beds, place 1 
briquet per 100 ft.2. 

 
Web Site: 
 
Pesticide Information Profiles, EXTOXNET 

http://ace.ace.orst.edu/info/extoxnet/pips/ghindex.html 
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 Table 3.  Non-target Effects of Methoprene 
 
Classification 

 
Organism 

 
Reference 

 
Formulation 

 
Application 
Rate (study) 

 
Adverse 
Effects 

 
No 
Effects 

 
Comments 

 
       Fish 
Atheriniformes 

 
Killifish 

 
McAlonan et 
at. 1976 

 
Altosid 10-
F 

 
0.012 to 0.120 
lbs AI/A 

 
 

 
   X 

 
caused no mortality 

 
Atheriniformes 

 
Mosquitofish 
(Gambusia affinis) 

 
Ellgaard et 
al 1979 

 
methoprene 

 
0.2 ppm 

 
 

 
  X 

 
exposed for 12 days; methoprene 
was added at rate every 2 days 
such that total conc was increased 
by 0.1 ppm; no effect on motility 

 
Atheriniformes 

 
Mosquitofish 
(Gambusia affinis) 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Atheriniformes 

 
Mosquitofish 
(Gambusia affinis) 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 0% 
mortality at 1 ppm; 60% at 100 
ppm; test duration 312 hours 

 
Atheriniformes 

 
Mummichog 
(Fundulus 

heteroclitus) 

 
Lee & Scott 
1989 

 
methoprene 
EC 

 
 

 
 

 
 

 
96-hour LC50 = 124.95 mg/L; no 
effect concentration = 24.68 mg/L 

 
Cypriniformes 

 
Goldfish 

 
Ellgaard et 
al 1979 

 
methoprene 

 
0.2 ppm 

 
 

 
  X 

 
exposed for 13 days; methoprene 
was added at rate every 2 days 
such that total conc was increased 
by 0.1 ppm; no effect on motility 

 
Cypriniformes 

 
Heterandria 

 
Breaud et al. 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
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formosa 1977 months; 
 
Perciformes 

 
Bluegill 

 
Quistad et 
al. 1976 

 
methoprene 

 
0.31 & 0.005 
ppm 

 
 

 
 

 
radioactive tag to study uptake; 
higher dose, fish exhibited stress 
(LC50 = 2.1 ppm); within 2 weeks 
after treatment, 93-95% residue 
had been eliminated 

 
    Amphibians 
Anura 

 
Western toad 
tadpoles, Bufo 

borcas helophilus 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 0% 
mortality at 1 ppm; test duration 
24 hours 

 
    Arachnids 
Acarina 

 
Oribateid mites 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
  X  

 
irrigated pasture study 

 
    Mollusks 
Basommatophora 

 
Physa sp. 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
    X 

 
 

 
6 aerial applications over 18 
months; 

 
Basommatophora 

 
Pond snail, Physa 

spp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
   X 

 
laboratory toxicity tests:  0% 
mortality at 100 ppm; test 
duration 72 hours 

 
Basommatophora 

 
Snail, Lymnaea sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
   X 

 
laboratory toxicity tests:  0% 
mortality at 1 ppm; test duration 
72 hours 

 
  Crustaceans 
Amphipoda 

 
Hyallela azteca  
(Scud) 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
     X 

 
 

 
6 aerial applications over 18 
months; greater reduction in open 
water habitats 
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Amphipoda Sideswimmers, 
Hyallela azteca 

Miura & 
Takahashi 
1973 

technical 
ZR-515 

5 
concentrations 

  laboratory acute toxicity tests:  
LC50 = 1.25 ppm; test duration 
24-120 hours 

 
Cladocera 

 
Water fleas, 
Daphnia magna 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory acute toxicity tests:  
LC50 = 0.90 ppm; test duration 24 
hours 

 
Cladocera 

 
Water fleas, 
Daphnia magna 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
  X 

 
irrigated pasture study 

 
Cladocera 

 
Water fleas, 
Daphnia magna 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
0.7 lb corncob 
granular/acre 

 
 

 
  X 

 
outdoor cage study 

 
Cladocera 

 
Water fleas, 
Daphnia magna 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515, 
10% 
flowable 
liquid (slow 
release) 

 
0.1 ppm 

 
 

 
  X 

 
outdoor test in artificial container; 
no detectable effects 

 
Conchostraca 

 
Clam shrimp, 
Eulimnadia sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
0.1 lb EC/acre 

 
 

 
  X 

 
outdoor caged study 

 
Conchostraca 

 
Clam shrimp, 
Eulimnadia sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory acute toxicity tests:  
LC50 = 1.00 ppm; test duration 24 
hours 
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Conchostraca 

 
Clam shrimp, 
Eulimnadia sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
0.7 lb corncob 
granular/acre 

 
 

 
  X 

 
outdoor caged study 

 
Conchostraca 

 
Clam shrimp, 
Eulimnadia sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
  X 

 
irrigated pasture study 

 
Copepoda 

 
Copepods, 
Cyclops sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
  X 

 
irrigated pasture study 

 
Copepoda 

 
Copepods, 
Cyclops sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
0.1 lb EC/acre 

 
 

 
 X  

 
pond study 

 
Copepoda 

 
Copepods, 
Cyclops sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory acute toxicity tests:  
LC50 = 4.60 ppm; test duration 24 
hours 

 
Copepoda 

 
Copepods, 
Cyclops sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515, 
10% 
flowable 
liquid (slow 
release) 

 
0.1 ppm 

 
 

 
  X 

 
outdoor test in artificial container; 
no detectable effects 

 
Decapoda 

 
Crayfish 
(Procambarius 

clarki and 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; population increases 
attributed to reduced predator 
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Cambarellus sp.) populations 
 
Decapoda 

 
Fiddler Crab 

 
McAlonan et 
at. 1976 

 
Altosid SR-
10 

 
0.024 to 0.384 
lbs AI/A; 3 
treatments at 
2-week 
intervals 

 
 

 
  X 

 
no significant mortality nor 
frequency of ecdysis affected 

 
Decapoda 

 
Fiddler Crab 

 
McAlonan et 
at. 1976 

 
Altosid 10-
F 

 
0.012 to 0.120 
lbs AI/A 

 
 

 
    X 

 
caused no mortality 

 
Decapoda 

 
Grass Shrimp 
(Palaemonetes 

pugio) 

 
McKenney 
& Matthews 
1990 

 
methoprene, 
technical 
grade 

 
1000 g/l 

 
   X 

 
 

 
lab study; all larvae died 

 
Decapoda 

 
Clam Shrimp 
(Palaemonetes 

paludosus) 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
    X     

 
 

 
6 aerial applications over 18 
months; 

 
Decapoda 

 
Grass Shrimp 
(Palaemonetes 

pugio) 

 
McKenney 
& Matthews 
1990 

 
methoprene, 
technical 
grade 

 
0.1 g/l 
10 g/l 
100 g/l 

 
 

 
 

 
lab study; 100 g/l rate had 
significant effect; other rates had 
no effect 

 
Decapoda 

 
Grass Shrimp 
(Palaemonetes 

pugio) 

 
McKenney 
& Matthews 
1990 

 
A.L.L. 

 
1000 g/l 

 
   X 

 
 

 
lab study; all larvae died 

 
Decapoda 

 
Grass Shrimp 

 
McAlonan et 
at. 1976 

 
Altosid SR-
10 

 
0.024 to 0.384 
lbs AI/A; one 
series of 4 

 
 

 
     X 

 
no significant mortality nor 
frequency of ecdysis affected 
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treatments & 
second series 
of 3 treatments 
at 2-week 
intervals 

 
Decapoda 

 
Grass Shrimp 
(Palaemonetes 

pugio) 

 
McKenney 
& Celestial 
1993 

 
A.L.L. 

 
8, 16, 32, 62, 
125, 250 g/l 

 
 X 

 
 

 
lab study; significant mortality 
was seen after 2 days exposure for 
250, after 4 days for 62 & greater, 
and after 8 days for all conc. ; 
both dry weights & daily growth 
rates for 1- and 9-day old larvae 
significantly reduced by 8 g/l 
and greater conc.  exposures 

 
Decapoda 

 
Grass Shrimp 
(Palaemonetes 

pugio) 

 
McKenney 
& Matthews 
1990 

 
A.L.L. 

 
0.1 g/l 
10 g/l 
100 g/l 

 
 

 
   X 

 
lab study; no effect 

 
Decapoda 

 
Grass Shrimp 

 
McAlonan et 
at. 1976 

 
Altosid 10-
F 

 
0.048 to 0.120 
lbs AI/A 

 
   X 

 
 

 
produced greater than 60% 
mortality 

 
Decapoda 

 
Mud Crab 
(Rhithropanopeus 

harrisii) 

 
Celestial & 
McKenney 
1994 

 
A.L.L. 

 
varying conc.: 
 0.1, 1.0, 10.0 
g/l 

 
 

 
   X 

 
lab study; no statistically 
significant reductions in survival 
rates; although zoeal stages I & II 
showed reduced survival rates; no 
significant differences in 
cumulative development duration 
at these conc. 
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Decapoda Mud Crab 
(Rhithropanopeus 

harrisii) 

Celestial & 
McKenney 
1994 

A.L.L. 100 g/l     X  lab study; significant reductions in 
survival for all development 
stages except zoeal stage II; 
significant development duration, 
increased total development 
duration by 4 days 

 
Decapoda 

 
Mud Crab 
(Rhithropanopeus 

harrisii) 

 
Celestial & 
McKenney 
1994 

 
A.L.L. 

 
1000 g/l 

 
    X 

 
 

 
lab study; no larvae survived 
beyond zoeal stage I 

 
Decapoda 

 
Mysidiopsis bahia 

 
McKenney 
& Celestial 
1996 

 
A.L.L. 

 
varying: 
2,4,8,16,32, 62 
g/l 

 
 

 
   X 

 
lab study; no significant effects on 
mortality through life cycle 

 
Decapoda 

 
Mysidiopsis bahia 

 
McKenney 
& Celestial 
1996 

 
A.L.L. 

 
varying: 
2,4,8,16,32, 62 
g/l 

 
 X 

 
 

 
lab study; reproduction affected 
by sublethal concentrations 
greater than 2 g/l; average time 
to first brood release significantly 
delayed for all conc. except  2 & 
16 g/l; brood size reduced in all 
conc.  greater than 8 g/l. 

 
Decapoda 

 
Mysidiopsis bahia 

 
McKenney 
& Celestial 
1996 

 
A.L.L. 

 
125 g/l 

 
 X 

 
 

 
lab study; 100% mortality by 4 
days of exposure 

 
Decapoda 

 
Mysidiopsis bahia 

 
McKenney 
& Celestial 

 
A.L.L. 

 
varying: 
2,4,8,16,32, 62 

 
 

 
 

 
lab study; 62 g/l  significantly 
affected dry weights after 15 days 
of exposure; other concentrations 
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1996 g/l had no effect 
 
Mysidacea 

 
Taphromysis 

louisiana 
(opossum shrimp) 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
     X 

 
 

 
6 aerial applications over 18 
months; greater numbers collected 
in open water habitats, but slightly 
higher mortality occurred in 
emergent plant habitat 

 
Notostraca 

 
Tadpole shrimp, 
Triops 

longicaudatus 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory acute toxicity tests:  
LC50 = 5.00 ppm; test duration 
24-96 hours 

 
Notostraca 

 
Tadpole shrimp, 
Triops 

longicaudatus 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
0.1 lb EC/acre 

 
  

 
  X 

 
outdoor caged study 

 
Notostraca 

 
Tadpole shrimp, 
Triops 

longicaudatus 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
  X 

 
irrigated pasture study 

 
Ostracoda 

 
Ostracod 
(Cyprinotus sp.) 

 
Norland & 
Mulla 1975 

 
Altosid EC 

 
0.1 ppm 

 
    

 
    X 

 
repeated treatments of 
experimental ponds; (information 
from abstract) 

 
Ostracoda 

 
Seed shrimp, 
Cypricercus sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
  X 

 
irrigated pasture study 

 
Ostracoda 

 
Seed shrimp, 
Cypricercus sp. 

 
Miura & 
Takahashi 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory acute toxicity tests:  
LC50 = 1.50 ppm; test duration 24 
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1973 hours 
 
Ostracoda 

 
Seed shrimp, 
Cypricercus sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
0.7 lb corncob 
granular/acre 

 
 

 
  X 

 
outdoor caged study 

 
   Insects 
Coleoptera 

 
Berosus sp. 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
   X 

 
 

 
6 aerial applications over 18 
months; 

 
Coleoptera 

 
Berosus exiguus 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
    X 

 
6 aerial applications over 18 
months; 

 
Coleoptera 

 
Berosus infuscatus 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
   X 

 
 

 
6 aerial applications over 18 
months; 

 
Coleoptera 

 
Coleoptera 

 
Hershey et 
al. 1998 

 
Altosid 3-
wk release 
granules 

 
5.820.44 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (long-term effects 
study); 46% reduction in 1992; 
59% reduction in 1993; 48% 
reduction over 4-yr period 

 
Coleoptera 

 
Copelatus sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
    X 

 
irrigated pasture study 

 
Coleoptera 

 
Dytiscid beetle 
(Laccophilus sp.) 

 
Norland & 
Mulla 1975 

 
Altosid EC 

 
0.1 ppm 

 
    X 

 
 

 
repeated treatments of 
experimental ponds; eliminated 
from treated ponds (information 
from abstract) 
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Coleoptera Enochrus 

blatchleyi 
Breaud et al. 
1977 

methoprene 28 gm AI/ha     X 6 aerial applications over 18 
months; 

 
Coleoptera 

 
Hydrocanthus spp. 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
    X 

 
 

 
6 aerial applications over 18 
months; 

 
Coleoptera 

 
Hydrovatus 

cuspidatus 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Coleoptera 

 
Laccophilus 

proximus 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Coleoptera 

 
Liodessus affinis 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
    X 

 
6 aerial applications over 18 
months; population increases 
attributed to reduced predator 
populations 

 
Coleoptera 

 
Lissorhoptrus spp. 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Coleoptera 

 
Lixellus sp. 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Coleoptera 

 
Noteridae 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
   X 

 
 

 
6 aerial applications over 18 
months; 

 
Coleoptera 

 
Predaceous water 
beetle, 
Laccophilus sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
  X 

 
irrigated pasture study 

 
Coleoptera 

 
Predaceous water 

 
Miura & 

 
technical 

 
5 

 
 

 
 

 
laboratory acute toxicity tests:  
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beetle, 
Laccophilus sp. 

Takahashi 
1973 

ZR-515 concentrations LC50 = 2.00 ppm; test duration 
48-72 hours 

 
Coleoptera 

 
Scavenger beetle 
(Tropisternus 

lateralis) 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Coleoptera 

 
Suphisellus spp. 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Coleoptera 

 
Water scavenger 
beetle, 
Tropisternus 

lateralis 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 0% 
mortality at 1 ppm; test duration 
120 hours 

 
Coleoptera 

 
Water scavenger 
beetle, Helophorus 
sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 57% 
mortality at 0.8 ppm; 48% at 2.5 
ppm; test duration 72-96 hours 

 
Coleoptera 

 
Water scavenger 
beetle, Helophorus 
sp. 

 
Miura & 
Takahashi 
1973 

 
Miura & 
Takahashi 
1973 

 
 

 
 

 
  X 

 
irrigated pasture study 

 
Coleoptera 

 
Water scavenger 
beetle, 
Hydrophilus 

triangularis 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 0% 
mortality at 24 ppm; 100% at 100 
ppm ; test duration 144-240 hours  

 
Coleoptera 

 
Water scavenger 
beetle, 

 
Miura & 
Takahashi 

 
technical 
ZR-515 

 
 

 
 

 
  X 

 
irrigated pasture study 
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Tropisternus 

lateralis 
1973 

 
Coleoptera 

 
Water scavenger 
beetle, 
Hydrophilus 

triangularis 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
  X 

 
irrigated pasture study 

 
Coleoptera 

 
Whirligig beetle, 
Gyrinus punctellus 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 100% 
mortality at 6 ppm; test duration 
48 hours 

 
Diptera 

 
Anopheles sp. 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Diptera 

 
Biting Midges -  
Ceratopogonids 

 
Hershey et 
al. 1998 

 
Altosid 3-
wk release 
granules 

 
5.820.44 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (long-term effects 
study); reduced in 1992 & 1993; 
3-yr period showed reduction of 
55% 

 
Diptera 

 
Chironomid 

 
Norland & 
Mulla 1975 

 
Altosid EC 

 
0.1 ppm 

 
    X 

 
 

 
repeated treatments of 
experimental ponds; twofold 
reduction by treatment  
(information from abstract) 

 
Diptera 

 
Chironomidae 

 
Hershey et 
al. 1998 

 
Altosid 3-
wk release 
granules 

 
5.820.44 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (long-term effects 
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study); seasonal significant 
reduction in 1992 & 1993, and for 
overall 3-yr treatment period 

 
Diptera 

 
Chironomids 

 
Ali 1991 

 
XR 
Briquets 

 
0.82 kg AI/ha 

 
    X 

 
 

 
experimental pond; 38-96% 
control for 7 weeks 

 
Diptera 

 
Chironomids 

 
Ali 1991 

 
Pellets 

 
0.22 kg AI/ha 

 
   X 

 
 

 
experimental pond; 64-98% 
control for 7 weeks 

 
Diptera 

 
Chironomids 

 
Ali 1991 

 
Granular 
(SAN 810 I 
1.3 GR) 

 
0.17 kg AI/ha 

 
   X 

 
 

 
experimental pond; lost 
effectiveness in 3rd week post-
treatment 

 
Diptera 

 
Chironomids 

 
Ali 1991 

 
A.L.L. 

 
0.28 kg AI/ha 

 
   X 

 
 

 
experimental pond; returned to 
pre-treatment levels in 3rd week 
after treatment 

 
Diptera 

 
Chironomids 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
   X 

 
 

 
6 aerial applications over 18 
months; 

 
Diptera 

 
Chironomids 

 
Ali 1991 

 
A.L.L. 

 
0.015 kg AI/ha 

 
     

 
   X 

 
experimental pond 

 
Diptera 

 
Crane flies -- 
Tipulidae 

 
Hershey et 
al. 1998 

 
Altosid 3-
wk release 
granules 

 
5.820.44 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (long-term effects 
study); reduced in 1992 & 1993; 
3-yr period showed reduction of 
73%  

   
Breaud et al. 

     
6 aerial applications over 18 
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Diptera Culex salinarius 1977 methoprene 28 gm AI/ha     X months; 
 
Diptera 

 
Diptera 

 
Hershey et 
al. 1998 

 
Altosid 3-
wk release 
granules 

 
5.820.44 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (long-term effects 
study); exhibited 3-yr reduction of 
66% 

 
Diptera 

 
Flower fly, Nylota 

sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 0% 
mortality at 6 ppm; test duration 
72 hours 

 
Diptera 

 
Flower fly, Nylota 

sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
  X 

 
irrigated pasture study 

 
Diptera 

 
Green heads - 
Dolichopodidae 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Diptera 

 
Lispe sp. 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Diptera 

 
Midge, 
Chironomus 

stigmaterus 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
 

 
irrigated pasture study; some dead 
pupae 

 
Diptera 

 
Midge, 
Chironomus 

stigmaterus 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 50% 
mortality at 0.01 ppm; test 
duration 288 hours 

  
Mothfly, Pericoma 

 
Miura & 

 
technical 

 
5 

   
laboratory toxicity tests: 50% 
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Diptera sp. Takahashi 
1973 

ZR-515 concentrations   mortality at 0.1 ppm; test duration 
480 hours 

 
Diptera 

 
Nematocera 

 
Hershey et 
al. 1998 

 
Altosid 3-
wk release 
granules 

 
5.820.44 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (long-term effects 
study); exhibited 3-yr reduction of 
68% 

 
Diptera 

 
Notophila ap. 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
    X 

 
 

 
6 aerial applications over 18 
months; 

 
Diptera 

 
Predatory 
chironomids 

 
Hershey et 
al. 1998 

 
Altosid 3-
wk release 
granules 

 
5.820.44 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (long-term effects 
study); seasonal significant 
reduction in 1992 & 1993, and for 
overall 3-yr treatment period 

 
Diptera 

 
Sandflies 
(Psychoda sp.) 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; population increases 
attributed to reduced predator 
populations 

 
Diptera 

 
Shorefly, 
Brachydeutera 

argentata 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
   

 
irrigated pasture study; some dead 
pupae 

 
Diptera 

 
Shorefly, 
Brachydeutera 

 
Miura & 
Takahashi 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 70% 
mortality at 0.01 ppm; test 
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argentata 1973 duration 504 hours 
 
Diptera 

 
Soldier flies 
(Eulalia sp.) 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Diptera 

 
Soldier flies -- 
Stratiomyidae 

 
Hershey et 
al. 1998 

 
Altosid 3-
wk release 
granules 

 
5.820.44 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (long-term effects 
study);  no effect seen until 1993, 
then showed 71%, with overall 3-
yr reduction of 44% 

 
Ephemeroptera 

 
Mayflies --
Brachycera 

 
Hershey et 
al. 1998 

 
Altosid 3-
wk release 
granules 

 
5.820.44 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (long-term effects 
study); no effect seen until 1993, 
then showed 69%, with overall 3-
yr reduction of 36% 

 
Ephemeroptera 

 
Mayflies 
(Callibaetis sp.) 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
    X 

 
 

 
6 aerial applications over 18 
months; 

 
Ephemeroptera 

 
Mayfly nymphs, 
Callibaetis sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 0% at 10 
ppm; test duration 48 hours 

 
Ephemeroptera 

 
Mayfly (Caenis 
sp.) 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Ephemeroptera 

 
Mayfly nymphs, 

 
Miura & 

 
technical 

 
 

 
 

 
  X 

 
irrigated pasture study 
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Callibaetis sp. Takahashi 
1973 

ZR-515 

 
Ephemeroptera 

 
Mayfly 
(Callibaetis 

pacificus) 

 
Norland & 
Mulla 1975 

 
Altosid EC 

 
0.1 ppm 

 
    X 

 
 

 
repeated treatments of 
experimental ponds; mortality in 
early and late instars during 
winter; effect lessened with rising 
water temperatures (information 
from abstract) 

 
Hemiptera 

 
Backswimmer, 
Notonecta 

unifasciata 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515, 
10% 
flowable 
liquid (slow 
release) 

 
technical ZR-
515, 10% 
flowable liquid 
(slow release) 

 
 

 
  X 

 
outdoor test in artificial container; 
 no visible effects on populations 

 
Hemiptera 

 
Backswimmer, 
Notonecta 

unifasciata 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory acute toxicity tests:  
LC50 = 1.20 ppm; test duration 24 
hours 

 
Hemiptera 

 
Backswimmer, 
Notonecta 

unifasciata 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
  X 

 
irrigated pasture study 

 
Hemiptera 

 
Buenoa spp. 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Hemiptera 

 
Corixids 
(Trichocorixa 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; population increases 
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louisianae) attributed to reduced predator 
populations 

 
Hemiptera 

 
Giant water bug 
(Belostoma 

testaceum) 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Hemiptera 

 
Water treader 
(Mesovelia 

mulsanti) 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Hemiptera 

 
Waterboatman, 
Corisella decolor 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515, 
10% 
flowable 
liquid (slow 
release) 

 
0.1 ppm 

 
 

 
  X 

 
outdoor test in artificial 
containers; no visible effects on 
populations 

 
Hemiptera 

 
Waterboatman, 
Corisella decolor 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
  X 

 
irrigated pasture study 

 
Hemiptera 

 
Waterboatman, 
Corisella decolor 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory acute toxicity tests:  
LC50 = 1.65 ppm; test duration 
24-96 hours 

 
Odonata 

 
Coenagrionidae 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
    X 

 
 

 
6 aerial applications over 18 
months; 

 
Odonata 

 
Damselfly 

 
Miura & 

 
technical 

 
5 

 
 

 
 

 
laboratory toxicity tests: 0% 
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nymphs, Argia sp. Takahashi 
1973 

ZR-515 concentrations mortality at 1 ppm; test duration 
48 hours   

 
Odonata 

 
Dragonflies 
(Belonia & Anax) 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
    X 

 
 

 
6 aerial applications over 18 
months; 

 
Odonata 

 
Dragonfly 
nymphs, Orthemis 
sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 0% 
mortality at 24 ppm; 30 % at 100 
ppm; test duration 72 hours 

 
Odonata 

 
Odonata naiads 

 
Norland & 
Mulla 1975 

 
Altosid EC 

 
0.1 ppm 

 
 

 
    X 

 
repeated treatments of 
experimental ponds; (information 
from abstract) 

 
Odonata 

 
Pachydiplax sp. 

 
Breaud et al. 
1977 

 
methoprene 

 
28 gm AI/ha 

 
 

 
   X 

 
6 aerial applications over 18 
months; 

 
Miscellaneous 

 
Non-dipteran 
predators 

 
Hershey et 
al. 1998 

 
Altosid 3-
wk release 
granules 

 
5.820.44 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (long-term effects 
study); significant reduction in 
1992 (46%) and 1993 (64%),  

 
Miscellaneous 

 
Total predatory 
insects 

 
Hershey et 
al. 1998 

 
Altosid 3-
wk release 
granules 

 
5.820.44 
kg/ha 

 
   X 

 
 

 
natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (long-term effects 
study); significant reduction in 
1992 (65%) and 1993 (77%), and 
over 3-yr period (62%) 
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Miscellaneous Non-insect macro-
invertebrates 

Hershey et 
al. 1998 

Altosid 3-
wk release 
granules 

5.820.44 
kg/ha 

    X natural wetlands; aerial 
application, 6 treatments per year 
for 3 years (long-term effects 
study); 

 
   Annelids 
Oligochaeta 

 
Aquatic 
earthworms, 
Aulophorus sp. (3 
species) 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 0% 
mortality at 100 ppm; test 
duration 168 hours 

 
Oligochaeta 

 
Mud worm, 
Tubifex tubifex 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 0% 
mortality at 10 ppm; test duration 
168 hours 

 
Rhynochobdellida 

 
Leeches, 
Helobdella 

stagnalis 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 0% 
mortality at 1 ppm; test duration 
72 hours 

 
  Aschelminths 
Nematoda 

 
Nematodes 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
 

 
 

 
  X 

 
irrigated pasture study 

 
Rotifera 

 
Rotifer, Philodina 
sp. 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 5% 
mortality at 100 ppm; test 
duration 48-72 hours 

 
   Flatworms 
Tricladida 

 
Brown planarian, 
Dugesia tigrina 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
5 
concentrations 

 
 

 
 

 
laboratory toxicity tests: 33% 
mortality at 10 ppm; test duration 
168 hours 
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   Protozoa 
Hymenostomatida 

Paramecia, 
Paramecium sp. 

Miura & 
Takahashi 
1973 

technical 
ZR-515 

5 
concentrations 

  laboratory acute toxicity tests:  
LC50 = 1.25 ppm; test duration 48 
hours 

 
Phytoplankton 

 
Diatom, Diatoma 

vulgare 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
0.1 ppm 
solution 

 
 

 
  X 

 
lab study; no visible effects after 1 
week 

 
Phytoplankton 

 
Green algae (3 
species), 
Pithaphora 

ocdogonia, 

Spirogyra sp.,  
Hydrodictyon 

reticulatum 

 
Miura & 
Takahashi 
1973 

 
technical 
ZR-515 

 
0.1 ppm 
solution 

 
 

 
  X 

 
lab study; no visible effects after 1 
week 
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 Temephos 
 
Temephos is an organophosphate pesticide, which functions by competing with 
acetylcholine for cholinesterase, the enzyme that transmits nerve impulses across 
synapses to other nerves and muscles (known as a Acholinesterase inhibitor@).  While 
acetylcholine is present, the neurons continue to be stimulated; paralysis results from the 
failure of cholinesterase to destroy the acetylcholine (Dale and Hulsman 1990).  
Temephos is a general use pesticide; temephos-containing products are moderately toxic 
and are labeled with WARNING, due to the high toxicity of xylene, one of the carrier 
compounds found in many trade products.  Toxicological effects include both acute and 
chronic toxicity (Pesticide Information Profiles, EXTOXNET). 
 
 Synopsis of Non-target Effects 
 
Effects of temephos on some non-target organisms are presented in Table 4.    Moderate 
toxicity to birds and fish; was shown to accumulate in tissues of fish and snails, but effect 
was reversible.  Wide range of crustaceans, insects and mollusks were affected by 
temephos.  Some crustacean and mollusks exhibited sub-lethal effects (slowed responses 
resulting in increased susceptibility to predation). 
 
 Label Application Rate 
 
5% Skeeter Abate7 (Abate7 5-BG) is used for the control of mosquito and midge larvae.  

It is toxic to birds and fish; fish and other aquatic organisms in water treated with 
this product may be killed.  Consult state fish and game agency before applying 
this product to waters or wetlands.  Do not use on crops used for food, forage or 
pasture. 

 
Habitat: standing water, shallow ponds, lakes and woodland pools.   

Application Rate: 2 lbs/acre 
 

Habitat: tidal waters, marshes, swamps and waters high in organic content. 
Application Rate: 4 lbs/acre 

 
Habitat: highly-polluted water.   Application Rate: 10 lbs/acre. 

 
1% Skeeter Abate7 (Abate7 1-BG) is used for the control of mosquito and midge larvae.  

It is toxic to birds and fish; fish and other aquatic organisms in water treated with 
this product may be killed.  Consult state fish and game agency before applying 
this product to waters or wetlands.  Do not use on crops used for food, forage or 
pasture. 
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Habitat: standing water, shallow ponds, lakes, woodland pools, catch basins. 
Application Rate: 5 - 10 lbs/acre 

 
Habitat: tidal waters, marshes, swamps and waters high in organic content. 

Application Rate: 10 - 20 lbs/acre 
 
 
Web Site: 
 
Pesticide Information Profiles, EXTOXNET 

http://ace.ace.orst.edu/info/extoxnet/pips/ghindex.html 
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 Table 4.  Non-target Effects of Temephos 
 
Classification 

 
Organism 

 
Reference 

 
Formulation 

 
Application 
Rate (study) 

 
Adverse 
Effects 

 
No 
Effects 

 
Comments 

 
      Birds 
Aves 

 
 Blue Jays 

 
Hill 1971 

 
technical 
grade 

 
5 conc. 
tested 

 
    X 

 
 

 
30 ppm killed all birds in test; birds fed 
for 5 days on toxic diet 

 
Aves 

 
Bobwhites 

 
Hill 1971 

 
technical 
grade 

 
5 conc. 
tested 

 
 

 
 

 
LC50 = 1,540 ppm; birds fed for 5 days 
on toxic diet 

 
Aves 

 
Cardinals 

 
Hill 1971 

 
technical 
grade 

 
5 conc. 
tested 

 
 

 
 

 
LC50 = 76 ppm; birds fed for 5 days on 
toxic diet 

 
Aves 

 
House Sparrows 

 
Hill 1971 

 
technical 
grade 

 
5 conc. 
tested 

 
 

 
 

 
LC50 = 47 ppm; birds fed for 5 days on 
toxic diet 

 
Aves 

 
House Sparrows 

 
Balcomb et 
al 1984 

 
granules 
4%AI 

 
0.078 mg 
mean 
granule 
weight 

 
 

 
   X 

 
no mortality in doses up to 40 granules 

 
Aves 

 
Mallard 
ducklings 

 
Fleming, et 
al.  1985 

 
Abate 4E 

 
0.1ppm; 1 
ppm; 10 
ppm; 
100ppm 

 
 

 
 

 
treatments of 10 ppm or less did not 
enhance cold effects on ducklings nor 
depressed brain cholinesterase (ChE); 
100pm did significantly affect cold 
tolerance and depressed brain ChE and 
degree of inhibition was less than 
previously used to document death from 



 
 J-57 

anticholinesterase insecticides 
 
Aves 

 
Mallard adults 

 
Franson et 
al. 1983 

 
Abate 4E 

 
1 ppm & 10 
ppm 

 
 

 
 

 
females took longer to complete egg-
laying with 10 ppm concentration diet 

 
Aves 

 
Mallard 
ducklings 

 
Franson et 
al. 1983 

 
Abate 4E 

 
1 ppm & 10 
ppm 

 
 

 
 

 
ducklings in both treatment diets had 
20% body weight (not statistically 
significant but noteworthy); survivability 
reduced 40% in both treatments 

 
Aves 

 
Red-winged 
Blackbirds 

 
Balcomb et 
al 1984 

 
granules 
4%AI 

 
0.078 mg 
mean 
granule 
weight 

 
 

 
  X 

 
no mortality in doses up to 40 granules 

 
   Reptiles 
Squamata 

 
Natrix sipedon 

 
Fales et al. 
1968 

 
Abate 4E 
(EC 

 
0.39 lb/acre 

 
 

 
       X 

 
lake application, sampled 24- & 48-hr. 
post-application;  no dead found 

 
Testudines 

 
Chrysemys picta 

 
Fales et al. 
1968 

 
Abate 4E 
(EC 

 
0.39 lb/acre 

 
 

 
       X 

 
lake application, sampled 24- & 48-hr. 
post-application;  no dead found 

 
    Amphibians 
Anura 

 
Rana clamitans 

 
Fales et al. 
1968 

 
Abate 4E 
(EC 

 
0.39 lb/acre 

 
 

 
    X 

 
lake application, sampled 24- & 48-hr. 
post-application;  no dead found 

 
Caudata 

 
Triturus 

viridescens 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
     X 

 
lake application, sampled 24- & 48-hr. 
post-application;  no dead found 

 
       Fish 
Atheriniformes 

 
Guppies 
(Sarotherodon 

galilaea) 

 
Kpekata 
1983 

 
temephos 

 
 

 
 

 
 

 
acute effect lab study; 96-hour LC50 = 
0.47 mg/l (information from abstract) 
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Atheriniformes Guppies 
(Lebistes 

reticulatus) 

Kpekata 
1983 

temephos    acute effect lab study; 96-hour LC50 = 
1.9 mg/l (information from abstract) 

 
Atheriniformes 

 
Guppy (Lebistes 

reticulatus) 

 
Von 
Windeguth 
and 
Patterson 
1966 

 
Abate, 
technical 
material 

 
0.20-0.25 
lb/acre 
(conc. of 
0.1 ppm in 
1 ft water 
depth or 
0.01 ppm in 
10 ft. depth)  

 
 

 
   X 

 
safe at 0.1 ppm; 24-hour LD50 = 200 ppm 
+ 

 
Atheriniformes 

 
Juvenile snook 
(Centropomis 

undecimalis) 

 
Pierce et 
al.  1989 

 
temephos, 
aerially 
applied 

 
 

 
 

 
  X  

 
no mortality observed (information from 
abstract) 

 
Atheriniformes 

 
Killifish 
(Fundulus spp.) 

 
Wall and 
Marganian 
1973 

 
Abate 1% 
on sand 
granules 

 
0.3 lb/acre 

 
 

 
 

 
fish in 2 traps were dead, but those in 3rd 
trap survived with no apparent effect for 
7 days; unable to attribute mortality to 
pesticide 

 
Atheriniformes 

 
Killifish 
(Fundulus spp.) 

 
Wall and 
Marganian 
1971 

 
Abate 1% 
on sand 
granules 

 
0.4 lb/ac 

 
 

 
   X 

 
 

 
Atheriniformes 

 
Mosquito fish 
(Gambusia 

affinis) 

 
Von 
Windeguth 
and 
Patterson 

 
Abate, 
technical 
material 

 
0.20-0.25 
lb/acre 
(conc. of 
0.1 ppm in 

 
 

 
   X 

 
safe at 0.1 ppm; 24-hour LD50 = 200 ppm 
+ 
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1966 1 ft water 
depth or 
0.01 ppm in 
10 ft. depth)  

 
Atheriniformes 

 
Mosquitofish 

 
Tietze et al 
1991 

 
Abate 4-E 

 
various 

 
 

 
    X 

 
no affect at recommended application 
rate; 24-hour LC50 = 5.60 ppm 

 
Atheriniformes 

 
Mummichog 
(Fundulus 

heteroclitus) 

 
Lee & 
Scott 1989 

 
technical 
grade 

 
 

 
 

 
 

 
96-hour LC50 = 0.04 mg/L; no effect 
concentration = 0.02 mg/L 

 
Atheriniformes 

 
Sheepshead 
minnow 
(Cyprinodon 

variegatus) 

 
Pierce et 
al.  1989 

 
temephos, 
aerially 
applied 

 
 

 
 

 
   X 

 
no mortality observed (information from 
abstract) 

 
Cypriniformes 

 
Catfish  

 
Chambers 
& 
Fabacher 
1972 

 
Abate R 

 
 

 
 

 
 

 
LC50 determined to be 5-7ppm in 
laboratory 

 
Perciformes 

 
Blue gill 
(Lepomis 

macrochirus) 

 
Von 
Windeguth 
and 
Patterson 
1966 

 
Abate, 
technical 
material 

 
0.20-0.25 
lb/acre 
(conc. of 
0.1 ppm in 
1 ft water 
depth or 
0.01 ppm in 

 
 

 
   X 

 
safe at 0.1 ppm; 24-hour LD50 = 200 ppm 
+ 
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10 ft. depth)  
 
Perciformes 

 
Bluegills 

 
Sanders et 
al 1981 

 
Abate EC 

 
18 g/ha 

 
 

 
   X 

 
3 treatments in experimental ponds; 
initially more rapid growth and higher 
reproduction presumably from increased 
food (dead Dipterans), but declined after 
3rd treatment attributed to decline in 
Dipterans 

 
Perciformes 

 
Bluegills 

 
Sanders et 
al 1981 

 
Abate EC 

 
180 g/ha 

 
      

 
 

 
3 treatments in experimental ponds; brain 
acetylcholinesterase activity depressed 
40% when water temperature exceeded 
20oC; lower growth and production rates 
attributed to greater losses of Dipterans 
from first treatment 

 
Perciformes 

 
Largemouth bass 
(Micropterus 

salmoides) 

 
Von 
Windeguth 
and 
Patterson 
1966 

 
Abate, 
technical 
material  

 
0.20-0.25 
lb/acre 
(conc. of 
0.1 ppm in 
1 ft water 
depth or 
0.01 ppm in 
10 ft. depth)  

 
 

 
    X 

 
safe at 0.1 ppm; 24-hour LD50 = 200 ppm 
+ 

 
   Arachnids 
Acarina 

 
Water Mites -- 
Hydrachnidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
       X 

 
lake application, sampled 24- & 48-hr. 
post-application; 1 species, no dead 
found 

 
   Mollusks 

 
Ribbed mussel 

 
Wall and 

 
Abate 1% 
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Anisomyaria (Modiolus 

demissus) 
Marganian 
1973 

on sand 
granules 

0.3 lb/acre     X  

 
Basommatophora 

 
Snails --
Planorbidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
      X 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 1 species, no live 
individuals in samples 

 
Basommatophora 

 
Snails -- 
Physidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
    X 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 1 species, no live 
individuals in samples 

 
Gastropoda 

 
Snail (Melampus 

bidentatus) 

 
Fitzpatrick 
and 
Sutherland 
1976 

 
Abate 2% 
granular 

 
0.10 lb/acre; 
10 
applications 
at 2 week 
intervals 

 
    X 

 
 

 
uptake detectable 1 day after 1st 
treatment; residues persisted for more 
than 5 weeks after last treatment;  

 
Gastropoda 

 
Snail (Melampus 

bidentatus) 

 
Fitzpatrick 
and 
Sutherland 
1976 

 
Abate 
emulsion 

 
0.032 
lb/acre; 4 
applications 
at 2 week 
intervals 

 
    X 

 
 

 
uptake detectable 6 days after 2nd 
treatment; residues rose gradually as 
number of treatments increased, then 
decreased below detection limit 3-weeks 
after last treatment; data indicate 
significant but reversible decline in 
population density 

 
Mesogastropoda 

 
Mud snail 
(Nassarius 

obsoletus) 

 
Wall and 
Marganian 
1973 

 
Abate 1% 
on sand 
granules 

 
0.3 lb/acre 

 
 

 
   X 

 
 

 
Mesogastropoda 

 
Mud snail 

 
Wall and 

 
Abate 1% 

 
0.4 lb/ac 

 
 

 
 

 
those confined in traps were alive but 
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(Nassarius 

obsoletus) 
Marganian 
1971 

on sand 
granules 

some appeared to have slowed responses  

 
Mesogastropoda 

 
Periwinkle 
(snail) (Littorina 

littorea) 

 
Wall and 
Marganian 
1973 

 
Abate 1% 
on sand 
granules 

 
0.3 lb/acre 

 
 

 
   X 

 
 

 
  Crustaceans 
Amphipoda 

 
Sideswimmer 
(Hyallela 

azteca) 

 
Ali and 
Mulla 
1978 

 
temephos 

 
0.28 kg 
AI/ha 
(0.0092 
ppm) & 
0.17 kg 
AI/ha 
(0.0042 
ppm) 

 
 

 
   X 

 
tolerant to temephos; higher 
concentration used in lake fingers, lower 
concentration in main lake area; 
(information from abstract) 

 
Amphipoda 

 
Sideswimmer 
(Hyallela 

azteca) 

 
Von 
Windeguth 
and 
Patterson 
1966 

 
Abate, 
technical 
material 

 
0.20-0.25 
lb/acre 
(conc. of 
0.1 ppm in 
1 ft water 
depth or 
0.01 ppm in 
10 ft. depth)  

 
 

 
 

 
safe at 0.1 ppm; 24-hour LD50 = 0.65 
ppm; LD90 = 2-2.5 ppm 

 
Calanoida 

 
Calanoid 

 
Hanazato 
et al. 1989 

 
Abate 

 
500g AI/l 

 
    X 

 
 

 
shallow lake; eliminated; nauplii showed 
slight recovery by end of experiment 

 
Calanoida 

 
Diaptomus spp. 

 
Ali and 
Mulla 

 
temephos 

 
0.28 kg 
AI/ha 

 
 

 
 

 
higher concentration used in lake fingers, 
lower concentration in main lake area; 
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1978 (0.0092 
ppm) & 
0.17 kg 
AI/ha 
(0.0042 
ppm) 

(information from abstract) 

 
Cladocera 

 
Bosmina 

longirostris 

 
Ali and 
Mulla 
1978 

 
temephos 

 
0.28 kg 
AI/ha 
(0.0092 
ppm) & 
0.17 kg 
AI/ha 
(0.0042 
ppm) 

 
   X 

 
 

 
higher concentration used in lake fingers, 
lower concentration in main lake area; 
(information from abstract) 

 
Cladocera 

 
Cyclops sp. 

 
Ali and 
Mulla 
1978 

 
temephos 

 
0.28 kg 
AI/ha 
(0.0092 
ppm) & 
0.17 kg 
AI/ha 
(0.0042 
ppm) 

 
   X 

 
 

 
higher concentration used in lake fingers, 
lower concentration in main lake area; 
(information from abstract) 

 
Cladocera 

 
Water fleas -- 
Cladocerans 

 
Hanazato 
et al. 1989 

 
Abate 

 
500g AI/l 

 
     X 

 
 

 
shallow lake; all eliminated; had not 
recovered by end of experiment 

 
Cladocera 

 
Water flea 

 
Ali and 

 
temephos 

 
0.28 kg 

 
   X 

 
 

 
higher concentration used in lake fingers, 
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(Daphnia pulex) Mulla 
1978 

AI/ha 
(0.0092 
ppm) & 
0.17 kg 
AI/ha 
(0.0042 
ppm) 

lower concentration in main lake area; 
population reduced in fingers but 
recovered within 1-3 weeks (information 
from abstract) 

 
Cladocera 

 
Water flea 
(Daphnia 

galeata) 

 
Ali and 
Mulla 
1978 
 

 
temephos 

 
0.28 kg 
AI/ha 
(0.0092 
ppm) & 
0.17 kg 
AI/ha 
(0.0042 
ppm) 

 
  X 

 
 

 
higher concentration used in lake fingers, 
lower concentration in main lake area; 
population reduced in fingers but 
recovered within 1-3 weeks (information 
from abstract) 

 
Crustacea 

 
Crustacea 

 
Frank and 
Sjogren 
1978 

 
temephos 

 
0.025 lb 
AI/acre 

 
 

 
   X 

 
copepods, ostracods, amphipods, & 
cladocerans; no effect on occurrence 
(numbers not studied) 

 
Cyclopoida 

 
Cyclopoids 

 
Hanazato 
et al. 1989 

 
Abate 

 
500g AI/l 

 
   X 

 
 

 
shallow lake; eliminated; nauplii showed 
slight recovery by end of experiment 

 
Cyclopoida 

 
Paracyclops 

fimbriatus 

 
Yasuno et 
al 1985 

 
temephos 

 
5 mg/l; 30 
min 
exposure 

 
 

 
   X 

 
model stream study 

 
Decapoda 

 
Brown shrimp 
(Panaeus 

 
Pierce et 

 
temephos, 
aerially 

 
 

 
 

 
  X 

 
no mortality observed (information from 
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aztecus) al.  1989 applied abstract) 
 
Decapoda 

 
Fiddler Crab 

 
Ward and 
Busch 
1976 

 
Abate 99% 
pure 
crystalline 
powder 

 
12 
concentratio
ns from 0.5 
ppm to 15 
ppm 

 
    X 

 
 

 
24-hour lab experiments; number of 
crabs either dead or not responding to 
stimulus (EC) increased with increasing 
temephos concentration; LC20 = 2.06 
ppm; LC50 = 9.12 ppm; LC80 = 39.8 
ppm; EC20 = 1.10 ppm; EC50 = 4.31 
ppm; EC80 = 16.6 ppm 

 
Decapoda 

 
Fiddler Crab 
(Uca sp.) 

 
Wall and 
Marganian 
1973 

 
Abate 1% 
on sand 
granules 

 
0.3 lb/acre 

 
 

 
 

 
few dead crabs found in treated area 

 
Decapoda 

 
Fiddler Crab 
(Uca pugilator) 

 
Wall and 
Marganian 
1971 

 
Abate 1% 
on sand 
granules 

 
0.4 lb/ac 

 
   X 

 
 

 
numerous dead crabs found in treated 
areas; however, those confined in traps 
were not visibly affected at 7 days when 
released  

 
Decapoda 

 
Fiddler Crab 

 
Ward et al. 
 1976 

 
Abate 2% 
granular 

 
0.1 lb 
AI/acre 

 
    X 

 
 

 
field experiment; population reduced 
14% after 2nd application and 30% after 
4th application; conclusion that temephos 
has primarily sublethal effect on crabs 
that renders them more susceptible to 
predation 

 
Decapoda 

 
Fiddler Crab 

 
Ward and 
Howes 
1974 

 
Abate 2% 
granular 

 
0.1 lb 
AI/acre;  3 
treatments 2 
weeks 

 
    X 

 
 

 
field test; populations declined over time 
in treated areas 
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apart; 
expected 
conc. 0.5 
ppm 

 
Decapoda 

 
Freshwater 
shrimp 
(Palomonetes 

paludosus) 

 
Von 
Windeguth 
and 
Patterson 
1966 

 
Abate, 
technical 
material 

 
0.20-0.25 
lb/acre 
(conc. of 
0.1 ppm in 
1 ft water 
depth or 
0.01 ppm in 
10 ft. depth)  

 
    X 

 
    

 
safe at 0.1 ppm; 24-hour LD50 = 1.0 ppm; 
LD90 = 2.0 ppm 

 
Decapoda 

 
Grass shrimp 
(Palaemonetes 

pugio) 

 
Pierce et 
al.  1989 

 
temephos, 
aerially 
applied 

 
 

 
 

 
   X 

 
no mortality observed (information from 
abstract) 

 
Mysidacea 

 
Mysids 
(Mysidopsis 

bahia) 

 
Pierce et 
al.  1989 

 
temephos, 
aerially 
applied 

 
 

 
  X 

 
 

 
significant mortality at 1 site during 1 of 
3 applications monitored (information 
from abstract) 

 
Ostracoda 

 
Seed shrimp 
(Cyprinotus sp.) 

 
Ali and 
Mulla 
1978 

 
temephos 

 
0.28 kg 
AI/ha 
(0.0092 
ppm) & 
0.17 kg 
AI/ha 
(0.0042 

 
 

 
   X 

 
tolerant to temephos; higher 
concentration used in lake fingers, lower 
concentration in main lake area; 
(information from abstract) 
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ppm) 
 
   Insects 
Coleoptera 

 
Burrowing 
Water Beetles --
Noteridae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application;1 species, some 
mortality 

 
Coleoptera 

 
Crawling Water 
Beetles --
Halipidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 5 species found, all of 
which had some mortality 

 
Coleoptera 

 
Predaceous 
Diving Beetles -- 
Dytiscidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 13 species found, of 
which 6 had some mortality 

 
Coleoptera 

 
Water Scavenger 
Beetles -- 
Hydrophilidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 11 species found, all of 
which had some mortality 

 
Coleoptera 

 
Whirligig 
Beetles -- 
Gyrinidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 3 species found, of 
which 2 had some mortality 

 
Collembola 

 
Springtails --
Poduridae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
    X 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 1 species, no live 
individuals found at 24-hour sample 

 
Diptera 

 
Black flies 

 
Dale et al. 
1974 

 
Abate 20% 
EC 

 
50 ppb for 
10 min. 

 
    X 

 
 

 
complete kill 45-50 km downstream 

 
Diptera 

 
Blackfly 
(Simulium 

 
Mohsen 
and Mulla 

 
Abate 50% 

 
various 

 
   X 

 
 

 
24- hour LC50 = 0.020 ppm; LC90 = 



 
 J-68 

argus) 1981 EC dilutions 0.038 ppm 
 
Diptera 

 
Blackfly 
(Simulium 

virgatum) 

 
Mohsen 
and Mulla 
1981 

 
Abate 50% 
EC 

 
various 
dilutions 

 
   X 

 
 

 
24-hour LC50 = 0.0082 ppm; LC90 = 
0.020 ppm 

 
Diptera 

 
Blackfly 
(Simulium spp.) 

 
Muirhead-
Thompson 
1979 

 
Abate 20% 
EC 

 
various 
conc.  
ranging 
from 0.05 to 
2.0 ppm 

 
    X 

 
 

 
exposures ranged from 15 minutes to 1 
hour; 24-h mortality ranged from 24% at 
0.2 ppm to 98% at 1.0 ppm 

 
Diptera 

 
Chironomidae 

 
Wallace et 
al 1973 

 
Abate 

 
initial conc. 
0.1 ppm 

 
   X 

 
 

 
stream study; 

 
Diptera 

 
Chironomids 

 
Ali and 
Mulla 
1977 

 
temephos 
granules 1% 

 
0.28 kg 
AI/surface 
ha 

 
   X 

 
 

 
88-95% control of total midge larvae 
after 3 weeks of treatment; control lasted 
5-6 weeks 

 
Diptera 

 
Chironomids (3 
species) 

 
Yasuno et 
al 1985 

 
temephos 

 
5 mg/l; 30 
min 
exposure 

 
   X 

 
 

 
model stream study 

 
Diptera 

 
Dipterans 

 
Sanders et 
al 1981 

 
Abate EC 

 
18 g/ha 

 
   X 

 
 

 
3 treatments in experimental ponds; 
biomass similar to control ponds, 
however biomass declined rapidly after 
3rd treatment 

 
Diptera 

 
Dipterans 

 
Sanders et 
al 1981 

 
Abate EC 

 
180 g/ha 

 
   X 

 
 

 
3 treatments in experimental ponds; 
biomass declined rapidly after 1st 
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application and remained low 
 
Diptera 

 
Midge 
(Procladius sp.) 

 
Yasuno et 
al 1985 

 
temephos 

 
5 mg/l; 30 
min 
exposure 

 
 

 
   X 

 
model stream study 

 
Diptera 

 
Phantom Midges 
-- Chaoboridae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
      X 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 1 species, estimated 
millions dead 

 
Diptera 

 
True flies  

 
Denno 
1974 

 
Abate 2% 
on celatom 
granules 

 
 

 
   X 

 
 

 
densities reduced in Spartina patens 
community 

 
Ephemeroptera 

 
Mayflies 

 
Wallace et 
al 1973 

 
Abate 

 
initial conc. 
0.1 ppm 

 
   X 

 
 

 
stream study; 

 
Ephemeroptera 

 
Mayfly (Baetis 

parvus) 

 
Mohsen 
and Mulla 
1981 

 
Abate 50% 
EC 

 
various 
dilutions 

 
    X 

 
 

 
24-hour LC50 = 0.0097ppm; LC90 = 
0.018 ppm 

 
Hemiptera 

 
Laccotrephes 

griseus 

 
Mathavan 
and 
Jayakumar 
1987 

 
temephos 

 
0.1 ppm 

 
   X 

 
 

 
growth affected; fecundity severely 
reduced (information from abstract) 

 
Heteroptera 

 
Backswimmers -
-Notonectidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
   X 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 3 species, heavy 
mortality; in lab experiments 0.02 ppm 
produced 100% mortality of 
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backswimmers in 4 days 
 
Heteroptera 

 
Creeping Water 
Bugs --
Naucoridae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 1 species, some 
mortality 

 
Heteroptera 

 
Giant Water 
Bugs B  
Belostomatidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 1 species, some 
mortality 

 
Heteroptera 

 
Marsh Treaders -
-Hydrometridae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
       X 

 
lake application, sampled 24- & 48-hr. 
post-application; 1 species 

 
Heteroptera 

 
Water Boatmen 
B  Corixidae 
(Trichocorixa 

verticalis) 

 
Campbell 
and Denno 
1976 

 
4E 
emulsifiable 
conc. 

 
34.75 g 
AI/ha; 4 
biweekly 
treatments 

 
 

 
    X 

 
applications by helicopter 

 
Heteroptera 

 
Water Boatmen 
B  Corixidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
    X 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 4 species, only 1 of 
which had some live individuals 

 
Heteroptera 

 
Water Scorpions 
-- Nepidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
    X 

 
lake application, sampled 24- & 48-hr. 
post-application; 

 
Heteroptera 

 
Water Treaders 
B Mesovliidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
   X 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 1 species, no live 
individuals found post-treatment 

 
Heteroptera 

 
Water Striders B 

 
Fales et al. 

 
Abate 4E 

 
0.39 lb/acre 

 
 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 3 species, 2 of which 
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Gerridae  1968 (EC) had some mortality 
 
Homoptera 

 
Cicadas/leaf 
hoppers 

 
Denno 
1974 

 
Abate 2% 
on celatom 
granules 

 
 

 
    X 

 
 

 
densities reduced in Spartina patens 
community 

 
Hymenoptera 

 
Ants/bees/wasp 

 
Denno 
1974 

 
Abate 2% 
on celatom 
granules 

 
 

 
   X 

 
 

 
densities reduced in both Spartina 

alterniflora and Spartina patens 
communities 

 
Odonata 

 
Damselfly --
Coenagrionidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
     X 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 2 species, only dead 
found in samples 

 
Odonata 

 
Dragonfly --
Aeschnidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 1 species, some 
mortality 

 
Odonata 

 
Dragonfly --
Libellulidae 

 
Fales et al. 
1968 

 
Abate 4E 
(EC) 

 
0.39 lb/acre 

 
 

 
 

 
lake application, sampled 24- & 48-hr. 
post-application; 3 species, 1 only dead 
found, 1 no dead found, 1 some dead 
found 

 
Plecoptera 

 
Stone flies 

 
Wallace et 
al 1973 

 
Abate 

 
initial conc. 
0.1 ppm 

 
   X 

 
 

 
stream study; 

 
Trichoptera 

 
Caddis flies 

 
Wallace et 
al 1973 

 
Abate 

 
initial conc. 
0.1 ppm 

 
   X 

 
 

 
stream study; 

 
Trichoptera 

 
Caddisfly 
(Hydropsyche 

 
Muirhead-
Thompson 

 
Abate 20% 

 
various 
conc. 

 
   X 

 
 

 
exposed for 1 hour to Abate solution; 24-
h mortality 29% at 0.2 ppm; 76% at 0.5 
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pellucidula) 1979 EC ranging 
from 0.05 to 
1.0 ppm 

ppm; 74% at 1.0 ppm 

 
Trichoptera 

 
Caddisfly 
(Rhyacophila 

dorsalis) 

 
Muirhead-
Thompson 
1979 

 
Abate 20% 
EC 

 
various 
conc. 
ranging 
from 0.2 
ppm to 2.0 
ppm 

 
 

 
    

 
exposures ranged from 15 minutes to 30 
minutes; 24-h mortalities reported were 
12% at 0.5 ppm (15 min); 18% at 1.0 
ppm (15 min); 8% at 2.0 ppm (15 min); 
48% at 1.0 ppm (30 min); 33% at 2.0 
ppm (30 min) 

 
Trichoptera 

 
Caddisfly 
(Hydropsyche 

californica) 

 
Mohsen 
and Mulla 
1981 

 
Abate 50% 
EC 

 
various 
dilutions 

 
 

 
 

 
24-hour LC50 = 1.3 ppm; LC90 = 4.0 ppm 

 
   Annelids 
Oligochaeta 

 
Oligochaetes 

 
Ali and 
Mulla 
1978 

 
temephos 

 
0.28 kg 
AI/ha 
(0.0092 
ppm) & 
0.17 kg 
AI/ha 
(0.0042 
ppm) 

 
 

 
   X 

 
higher concentration used in lake fingers, 
lower concentration in main lake area; 
(information from abstract) 

 
  Aschelminths 
Nematoda 

 
Nematode 
(Romanomermis 

culicivorax) 

 
Levy and 
Miller 
1977 

 
Abate 

 
0.001 ppm 

 
    

 
   X 

 
information from abstract 

 
Rotifera 

 
Rotifers 

 
Hanazato 

 
Abate 

 
500g AI/l 

 
    X 

 
 

 
shallow lake; original species eliminated 
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et al. 1989 and  replaced by other rotifer species 
 
   Flatworms 
Tricladida 

 
Brown planaria 
(Dugesia 

tigrina) 

 
Nelson et 
al. 1994 

 
temephos 

 
4E 

 
 

 
   X 

 
only minimal effect under field 
conditions (information from abstract) 

 
Plankton 

 
Microscopic 
plankton 
(Rotifers, 
Euglena, Coleps, 
Ileonema, etc.) 

 
Von 
Windeguth 
and 
Patterson 
1966 

 
Abate, 
technical 
material 

 
0.20-0.25 
lb/acre 
(conc. of 
0.1 ppm in 
1 ft water 
depth or 
0.01 ppm in 
10 ft. depth)  

 
 

 
 

 
safe at 0.1 ppm; 48-hour LD100 =50 ppm 
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ENVIRONMENTAL EFFECTS OF MOSQUITO CONTROL 
(USFWS, 2004) 

 
 
This paper provides a summary of the potential impacts of mosquito control practices.  This is 
not intended to discount the important role that mosquitoes play in the transmission of disease, 
nor is it intended to diminish the role that mosquito control can play in reducing the incidence of 
such vector-borne disease in humans.  The first part discusses the ecological role of mosquitoes 
in the environment, aside from that as vectors of disease.  The second part addresses the potential 
impacts of mosquito control pesticides to nontarget organisms and communities. 

 
1. The Ecological Role of Mosquitoes 

 
 
Mosquitoes are most often associated with their roles as vertebrate ectoparasites and vectors of 
disease-causing microorganisms.  However, do mosquitoes provide any Abeneficial@ role in the 
environment, or are they, as Spielman and D=Antonio (2001) claim Aself-serving@ and of  Ano 
purpose other than to perpetuate her species@? 
 
Mosquitoes As Prey 
 
Larvae.  Mosquitoes have evolved to use a wide variety of both permanent and temporary 
aquatic habitats for larval development.  There are nearly as many habitats for mosquito larvae as 
there are types of lentic water bodies.  For purposes of this discussion, mosquitoes will be 
divided into those that develop in ephemeral water bodies and those that develop in permanent to 
semi-permanent water. 
 
The evolution of a drought- and sometimes freeze-resistant egg has allowed certain species of 
mosquitoesCthe most common in the genera Aedes, Ochlerotatus, and PsorophoraCto colonize 
a wide variety of ephemeral habitats large and small, from the tropics to sub-arctic zones.  These 
mosquitoes lay eggs in dry or moist areas that will flood later.  This strategy has at least two 
advantages:  1) the recently flooded detritus provides a nutrient-rich and abundant source of food 
for developing larvae; and 2) in many habitats there is a lag time before invertebrate predators 
colonize these temporary water bodies, allowing the larvae to develop in relatively predator-free 
environments.  In most ephemeral habitats, mosquito eggs will hatch within hours of being 
flooded, often in very large numbers.  In many of these habitats, such as summer flood pools and 
salt marshes, colonization by invertebrate predators occurs from highly mobile insects like 
dragonflies, beetles, and backswimmers that fly from more permanent bodies of water.  Although 
some predators will arrive relatively quickly, it can take several days to weeks for an invertebrate 
predator community to become established.  During the summer, a floodwater mosquito brood 
can develop from egg to adult in a week, and thereby mostly escape predation by these 
colonizing invertebrates. 
 
In unpredictably flooded ephemeral habitats such as summer flood pools and storm-flooded salt 
marshes, there are few predators that have been identified to rely principally on mosquito larvae 
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as a source of food.  The unreliable nature of mosquito larvae as prey in these habitats prevents 
the development of any close predator-prey relationship unless the predator shares diapausing 
strategies similar to those of floodwater mosquitoes.  The only predators in these habitats that 
rely on mosquito larvae for prey are other mosquitoes.  A few species of Psorophora mosquitoes 
have larvae that are predatory in late instar stages.  These species are generally found in summer 
flood pools.  Although there are few predators that specialize on mosquito larvae in these 
habitats, generalist predators such as beetles (larvae and adults), backswimmers, and some 
odonates (damselflies and dragonflies) will take advantage of the temporary abundance of 
mosquitoes if the timing of arrival into the habitats coincides with the presence of mosquito 
larvae. 
 
Some ephemeral aquatic habitats, however, have flooding regimes that are more predictable.  In 
at least two of these habitats, vernal pools and treeholes, we see the development of very close 
predator-prey relationships with mosquito larvae.  In treeholes, species of another mosquito, 
Toxorhynchites, have evolved as predators of other treehole-dwelling mosquito larvae.  Vernal 
pools in northern temperate regions predictably flood to their maximum extent in the early spring 
from rain and snowmelt, and this triggers a hatch of one or more species of Ochlerotatus 
mosquitoes.  These are usually univoltine (single generation) species that laid eggs in the dry 
pool basin the previous summer.  Hatching of mosquito larvae in vernal pools often occurs when 
water temperatures are still well below 10 C, with few predators active in such cold 
environments.  The predators present at this time of the year are generally those that share similar 
overwintering strategies with mosquitoes, such as cyclopoid copepods (e.g., Macrocyclops) and a 
few species of beetles.  Some species of predaceous diving beetles (family Dytiscidae) in the 
genus Agabus have evolved a diapausing strategy that closely resembles that of the Ochlerotatus 
mosquitoes.  Unlike most dytiscid beetles, these species have drought- and freeze-resistant eggs 
that are laid in the dry basin the previous summer and hatch in the early spring concurrently with 
mosquitoes.  The beetle larvae are active in the cold water and appear to feed primarily on 
mosquito larvae and pupae (Nilsson and Soederstroem 1988; Higgins and Merritt 1999).  The 
predictable abundance of mosquitoes and general paucity of other potential prey species during 
the early spring in these pools has probably contributed to this specialization.  Other predators in 
vernal pools will feed opportunistically on mosquito larvae.  Some species of dragonflies and 
damselflies (Odonata, primarily Sympetrum and Lestes) have also evolved drought- and freeze-
resistant eggs, but hatch later in the spring.  Colonizing species of backswimmers (Notonectidae), 
water striders (Gerridae), and water beetles (Hydrophilidae and Dytiscidae) will feed on late-
instar mosquito larvae and pupae, but are considered generalist predators (Higgins and Merritt 
1999). 
 
Mosquitoes that require water for oviposition include the common genera Culex and Anopheles.  
These mosquitoes colonize permanent to semi-permanent bodies of water, laying eggs on the 
surface.  In many natural bodies of water, the larvae of these species must develop in the 
presence of an oftentimes-diverse invertebrate predator community.  The co-occurrence of 
mosquito larvae and predatory invertebrates is more predictable in these habitats, but the 
diversity of other potential prey species may preclude the development of specialized predator-
prey relationships.  Potential invertebrate predators in these habitats include:  backswimmers, 
water striders, giant water bugs (Belostomatidae), water measurers (Hydrometridae), adult and 
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larval beetles (Dytiscidae, Hydrophilidae, Gyrinidae), many species of damselflies and 
dragonflies (Odonata), phantom midge larvae (Chaoboridae), and even copepods and flatworms. 
 Although all of these predators can be considered generalists with regard to prey consumption, 
experimental evidence suggests that mosquito larvae, when available, are a preferred prey of 
some species (Helgen 1989; Urabe et al. 1990; Robert and Venkatesan 1997; Safurabi and 
Madani 1999). 
 
Adults.  Like other aquatic insects with terrestrial adult stages, mosquitoes provide a link 
between aquatic and terrestrial ecosystems as they convert detritus and aquatic microbial biomass 
into flying insect biomass.  Most adult mosquitoes are relatively short lived.  The probability of 
daily survival for adult mosquitoes, an important factor in disease transmission, varies among 
species and habitats.  Daily survival probabilities usually range from 0.6-0.9, with much of the 
mortality coming from predation (Service 1993). Mosquitoes are fed upon by a variety of 
invertebrate predators, including spiders (Strickman et al. 1997; Fox 1998) and odonates 
(Sukhacheva 1996), although there are no known specialist predators that prey exclusively on 
mosquitoes.  Vertebrate predators include insectivorous birds and bats (Zinn and Humphrey 
1981), although mosquitoes often account for only a small percentage of the total biomass 
consumed.  Consumption of mosquitoes by the Indiana bat, Myotis sodalis, for example, 
accounted for up to 6.6 percent of the total diet (Kurta and Whitaker 1998).  The apparent 
absence of any specialized predator-prey relationships among adult mosquitoes and predators, 
however, does not necessarily discount the contribution of mosquitoes to the diet of a wide 
variety of generalized predators. 
 
Other Ecological Roles of Mosquitoes 
 
Mosquito larvae may feed by one or more of several different mechanisms.  They may filter-feed, 
graze microbial biofilms, or even shred detritus (Merritt et al. 1992).  In this sense, mosquitoes 
are a component of a functioning wetland ecosystem, processing detritus and aquatic microbes, 
and eventually providing a link between aquatic and terrestrial systems when they emerge. 
 
Most adult mosquitoes require sugar meals during their lifetimes as a source of energy.  The 
primary sources of sugars consumed by mosquitoes are nectar from flowers and honeydew 
excreted by aphids (Foster 1995).  Both male and female mosquitoes frequently take nectar meals 
from flowers, but are they important as pollinators?  Due to their small size and the limited 
probing abilities of the proboscis, mosquitoes are limited to feeding on nectar sources within 
flowers that have shallow or flat corollas.  Unlike relatively large pollinators like bees and 
butterflies, mosquitoes can nectar feed efficiently without coming into contact with pollen-coated 
stamens.  Thus, although they may transfer some pollen during the course of acquiring a meal of 
nectar, mosquitoes are probably not important pollinators in general (Foster 1995).  A 
documented exception to this occurs in the subarctic where mosquitoes are significant pollinators 
of many plants (Kevan 1972). 
 
The impact of reducing the density of mosquitoes in aquatic or terrestrial systems has not been 
studied.  Generalist predators probably switch to alternate prey, which in turn may be impacted 
by the increased predation.  The few specialist predators of mosquito larvae may be impacted the 
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greatest due to the lack of alternate prey and/or the inability of such predators to uncouple from a 
closely evolved predator-prey relationship. 

2. Nontarget Effects of Mosquito Control Pesticides 
 

 
Mosquito control pesticides can be categorized into three groups:  larvicides, adulticides, and 
water surface films (for controlling mosquito larvae and pupae).  Compared with other forms of 
pest control, there are relatively few pesticides available within each of these categories, and all 
differ with regard to efficacy and effects on nontarget organisms. 
 
Larvicides 
 
Bacillus thuringiensis var. israelensis (Bti).  Like other varieties of the natural soil bacterium, 
Bacillus thuringiensis (Bt), Bti is a stomach poison that must be ingested by the larval form of 
the insect in order to be effective.  Bt contains crystalline structures containing protein 
endotoxins that are activated in the alkaline conditions of an insect=s gut.  These toxins attach to 
specific receptor sites on the gut wall and, when activated, destroy the lining of the gut and 
eventually kill the insect.  The toxicity of Bt to an insect is directly related to the specificity of 
the toxin and the receptor sites.  Without the proper receptor sites, the Bt will simply pass 
harmlessly through the insect=s gut.  Several varieties of Bt have been discovered and identified 
by the specificity of the endotoxins to certain insect orders.  Bacillus thuringiensis var. kurstaki, 
for example, contains toxins that are specific to lepidopterans (butterflies and moths), while Bti 
is specific only to certain primitive dipterans (flies), particularly mosquitoes, black flies, and 
some chironomid midges.  Bti is not known to be directly toxic to nondipteran insects. 
 
Because Bti must be ingested to kill mosquitoes, it is much more effective on first-, second-, and 
early third-instar larvae than on late third and fourth instars since the earlier instars feed at a 
faster rate (fourth instar larvae feed very little).  The pesticide is completely ineffective on pupae 
because they do not feed at all.  Formulated products may be granular or liquid, and potency is 
expressed in International Toxicity Units (ITU), usually ranging from 200-1200 ITU.  The 
concentrations of Bti in water necessary to kill mosquito larvae vary with environmental 
conditions, but are generally 0.05-0.10 ppm.  Higher concentrations (0.1->0.5 ppm) of Bti are 
necessary when there is a high amount of organic material in the water, late-third and early fourth 
instar larvae predominate, larval mosquito density is high, or water temperature is low (Nayar et 
al. 1999).  Operationally, Bti is applied within a range of volume or weight of formulated product 
per acre as recommended on the pesticide label, with the goal to achieve an effective 
concentration.  The label recommended range of application rates under most conditions varies 
by a factor of 4 for most formulations (e.g., for granular formulations, 2.72-11.12 kg/ha (2.5-10 
lb/acre)).  For later instar larvae and water with a high organic content, higher application rates 
are recommended that may reach 8 times the lowest rate (e.g., for granular formulations, the 
higher rate is 11.1-22.5 kg/ha (10-20 lb/acre)).  Mosquito control agencies use the recommended 
label rates, along with previous experience, to administer an effective dose.  Typical application 
rates are often in the mid- to upper values of the normal ranges recommended on the labels 
(Abbott Laboratories 1999).  Because water depths even within a single wetland can vary greatly, 
field concentrations of Bti can vary widely, especially when the pesticide is applied aerially.  
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Efficacy is monitored by post-application reductions in mosquito larval density, but the actual 
concentration of Bti following an application is not measured.  Thus, an insufficient 
concentration of Bti can be detected by low mortality of mosquito larvae, but an overdose (i.e., a 
concentration greater than necessary to kill mosquito larvae) of the pesticide is rarely monitored 
for. 
 
The issue of Bti concentration is important with regard to impacts on nontarget organisms.  Of 
particular concern is the potential for Bti to kill midge larvae (family Chironomidae).  
Chironomid (non-biting midge) larvae are often the most abundant aquatic insect in wetland 
environments and form a significant portion of the food base for other wildlife (Batzer et al. 
1993; Cooper and Anderson 1996; Cox et al. 1998).  Negative impacts on chironomid 
density/biomass could have deleterious effects on wetland/wildlife food webs and could also 
lower biodiversity. 
 
The potential for Bti to impact chironomid populations depends on the fate and availability of the 
pesticide, the ingestion of the pesticide, and the presence and number of specific receptor sites in 
the insect gut for the toxins (as discussed above).  Fate and availability encompass both the initial 
dose/concentration and the fate of the pesticide in the aquatic environment.  Chironomid larvae 
live primarily in the benthos of wetlands.  Mosquito larvae ingest Bti primarily within the water 
column, but Bti readily adheres to suspended particulate matter and settles to the benthos 
(Yousten et al. 1992). 
 
Ingestion of Bti by chironomid larvae depends primarily on the feeding mechanism.  The family 
Chironomidae is a relatively large group, with nearly 1,000 species identified for North America 
(Merritt and Cummins 1996).  This family encompasses a variety of feeding strategies:  filter-
feeders, collector-gatherers, scrapers, shredders, and even predators.  Filter-feeding larvae are 
more likely to ingest Bti than larvae with other feeding strategies (Pont et al. 1999). 
 
Chironomid larvae appear to possess mid-gut receptor sites for Bti endotoxins similar to those in 
mosquito larvae, and exhibit similar histopathological changes in the gut lining that lead to death 
of the insects when exposed to lethal concentrations of the pesticide (Yiallouros et al. 1999).  
There are, however, differences in the susceptibility of midge larvae to Bti at the subfamily level 
and among larval instars.  In general, larvae in the subfamily Chironominae (Tribes Chironomini 
and Tanytarsini) are more susceptible to Bti than larvae of other subfamilies (Yiallouros et al. 
1999) (Pont et al. 1999) (Ali 1981).  Also, early-instar larvae are much more susceptible to Bti 
than later instars (Ali et al. 1981; Charbonneau et al. 1994). 
 
There have been a number of laboratory and field studies examining the toxicity of Bti to 
chironomid larvae (Boisvert and Boisvert 2000).  There have been many different formulations 
and potencies of Bti products used in these studies, and in many cases actual concentrations of 
Bti within the water were not measured.  Also, differences in the species and instar of the 
chironomid larvae used (sometimes not specified), and in the environmental conditions of the 
field experiments make direct comparisons among the studies difficult.  Most field studies 
examined the nontarget effects from a single application of Bti and did not address the potential 
long-term impacts from repeated applications over a season or over several seasons. 
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It is clear that in laboratory studies Bti is lethally toxic to some species of chironomid larvae at 
concentrations expected for mosquito control. Charbonneau et al. (1994) determined an EC50 (the 
concentration required to cause an effect in 50 percent of the test population) of 0.20 ppm for 
Chironomus riparius (fourth instar?), and the toxicity of Bti to earlier instars was over two orders 
of magnitude greater.  Similarly, Ali et al. (1981) found the LC50 (the concentration required to 
kill 50 percent of the test population) for first-instar Glyptotendipes paripes (0.034 ppm) to be 
over two orders of magnitude lower than the LC50 for third instar larvae (8.31 ppm). 
 
Charbonneau et al. (1994) studied the effects of Bti on chironomid larvae in the laboratory and 
the field.  Laboratory toxicity tests on Chironominae larvae (the most susceptible subfamily) 
demonstrated up to 100 percent mortality at label-recommended rates, but the toxicity of Bti to 
chironomids was influenced by several environmental factors.  Factors that lowered toxicity to 
chironomids included higher water temperature, greater water depth, organic matter, and 
coverage by macrophytes.  Field enclosure tests with Bti applied at 5.6 kg/ha (5 lb/acre) failed to 
demonstrate any pesticide effects on midge larvae within the enclosures, leading the authors to 
conclude that environmental factors reduce the toxicity of Bti to chironomids in the field.  
However, mortality of nontarget organisms within the enclosures was measured after 48 hours.  
Apparent effects of Bti on chironomids may not be detectable for 5-7 days post application (Ali 
1981; Lacey and Mulla 1990; Pont et al. 1999).  Also, because early instar larvae are much more 
susceptible to Bti, first and second instars would likely exhibit the greatest mortality.  The 575 
m mesh used to sample benthic invertebrates in the field tests of the Charbonneau et al. (1994) 
study, however, was too large to effectively sample first- and some second-instars.  Thus, the 
conclusions regarding the field component of this study must be viewed with caution. 
 
There is some evidence from field studies in which negative impacts to chironomid larvae were 
observed that such impacts are relatively short-lived (e.g., Miura et al. 1980).  In most of these 
studies, however, it is not clear if the rebounding densities of midge larvae represent the same 
species or even the same subfamily that was initially reduced by the pesticide.  Furthermore, 
population-level impacts to species from repeated applications over a season were usually not 
addressed.  Although many species of chironomids are capable of producing several generations 
per year and could re-colonize a treated wetland relatively quickly, other species have only one 
generation per year and therefore would not be able to re-colonize until the following year.  The 
ability of Bti-susceptible species to re-colonize a wetland following pesticide treatment would 
also depend on 1) the frequency of Bti applications, 2) the extent of Bti treatments within the 
wetland, and 3) the extent of Bti applications in the surrounding landscape.  Widespread 
larviciding with Bti would provide few refugia for re-colonizing source populations of 
susceptible species. 
 
In a study that examined population-level impacts to chironomids from a single application of Bti 
at a mosquito control rate, investigators showed that, while there was no statistical difference in 
the number of emerging adult chironomids between control and treatment enclosures, the species 
composition was different (Pont et al. 1999).  Species sensitive to Bti (Tanytarsus horni, T. 

fimbriatus, and Microchironomus deribae) were 24-54 percent less abundant in enclosures 
treated at mosquito control rates than in control enclosures, while a less sensitive species 
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(Polypedilium nubifer) was over 200 percent more abundant in the treated enclosure versus 
control.  Higher application rates resulted in greater reductions of the Bti-sensitive species.  This 
suggests that as Bti-sensitive chironomid larvae are killed by the pesticide, less sensitive species 
may thrive as they are released from competition (Pont et al. 1999).  Thus, although chironomid 
larval numbers often appear to rebound after a treatment with Bti, this may be indicative of a 
shift in the species composition of the community, with species less sensitive to Bti replacing the 
sensitive species.  It is unknown how or if such a shift would affect food web dynamics, but 
biodiversity would be lowered. 
 
There is only one published study that examined the long-term, nontarget effects of Bti (Hershey 
et al. 1998; Niemi et al. 1999).  In this study conducted in Minnesota, 27 wetlands were sampled 
for macroinvertebrates over a 6-year period.  All wetlands were sampled for 3 pre-treatment 
years and randomly assigned to 3 treatment groups:  Bti, methoprene (see discussion below), and 
an untreated control group.  The wetlands were sampled for 3 treatment years.  Bti was applied to 
wetlands in a granular formulation at the rate of approximately 11.1 kg/ha (10 lb/ac), which 
represents the high end of the normal label-recommended application range.  Bti was applied to 
each treatment wetland 6 times per year at intervals of 3 weeks or after rainfall of >1.25 cm, 
whichever came first (Niemi et al. 1999).  Although this frequency of application is high, it is 
within the range that could occur from operational mosquito control. 
 
After the first year of treatment, no differences in macroinvertebrate density, biomass, or 
community composition (richness of genera) among the treatments were observed (Hershey et al. 
1998).  However, in the second and third years of treatment, highly significant differences were 
observed in the two treatment groups compared to control.  Chironomid larvae were significantly 
impacted by Bti treatments, with reductions in density of 66 percent and 84 percent for the 
second and third years of the study, respectively, compared to densities in control wetlands 
(Hershey et al. 1998).  Significant declines in other nematoceran (primitive) dipteran larvae were 
also observed during the last two years of the study.  There were also declines in 
macroinvertebrate predator densities in the Bti treated wetlands that the authors interpret as 
indirect effects from the reduction in a prey base dominated by chironomid larvae (Hershey et al. 
1998; Niemi et al. 1999). 
 
In summary, there is clear evidence from both laboratory and field studies that Bti can kill some 
chironomid larvae.  Species in the subfamily Chironominae are apparently the most susceptible 
to direct toxicity; other subfamilies exhibit little mortality at mosquito control rates.  Even within 
the subfamily Chironominae there are apparent differences among in susceptibility to Bti, 
relating perhaps to feeding mode (Pont et al. 1999).  Within susceptible species, toxicity is 
greatest to early instars.  Lethal concentrations of Bti are orders of magnitude lower for early 
versus late instars, and well within the concentrations expected from operational mosquito 
control.  There is evidence that environmental conditions such as temperature, organic content of 
the water, vegetation, and density of larvae can ameliorate some of the potential negative impacts 
to chironomid larvae (Charbonneau et al. 1994), although field experiments designed to test this 
may be suspect. 
 



K-8 
 

The only long-term study on the nontarget effects of Bti for mosquito control demonstrated 
significant adverse effects on the chironomid community of treated wetlands, and this translated 
into numerous significant negative effects within the food web (Hershey et al. 1998; Niemi et al. 
1999).  The intensity of Bti applications used in this study, both the application rate and the 
frequency of applications, would represent the high end of those that would normally occur for 
operational mosquito control.  In addition, entire wetlands were treated, which may or may not 
occur with aerial applications of Bti.  Thus, the Minnesota study may represent a Aworst-case 
scenario@ of potential mosquito control operations, but it has generated the only data available on 
the long-term nontarget effects from Bti.  Studies that examine nontarget effects of Bti from a 
single application or even within a single season may not be adequate to detect potential long-
term impacts from pesticide use (Hershey et al. 1995). 
 
There is also evidence that application rate can have a profound effect on impacts to chironomids 
from Bti (Rodcharoen et al. 1991).  Because application rates of Bti for mosquito control can 
vary by a factor of 8, field concentrations of the pesticide can reach levels that are toxic to 
chironomid larvae, yet are still within the pesticide label directions.  In addition, there are no 
label restrictions on the number of applications of Bti to any one area.  Economic considerations 
may preclude regular applications at the highest label rate, yet even at lower rates, adverse 
impacts to chironomid midge larvae have been demonstrated (Miura et al. 1980; Ali 1981; Ali et 
al. 1981). 
 
Bacillus sphaericus 

 
Bacillus sphaericus (Bsph) is a naturally-occurring soil bacterium similar to Bti, and has been 
developed as a commercially-available mosquito larvicide since the early 1990s.  Like Bti, it 
releases a protein endotoxin in the alkaline gut of larval mosquitoes that attaches to specific 
receptor sites of susceptible species.  This endotoxin dissolves the lining of the gut wall and 
eventually kills the larva.  Unlike Bti, Bsph has only one endotoxin (Bti has two or more).  Also, 
unlike Bti, Bsph is very effective in water with a high organic content, and is therefore often used 
in such habitats for control of Culex mosquitoes.  Bsph is also capable of Acycling@ in the aquatic 
environment, meaning it can retain its larvicidal properties after passing through the gut of a 
mosquito andCunlike BtiCprovide effective mosquito control for weeks after a single 
application.  Bsph, however, is not effective on all species of mosquitoes. 
 
Because Bsph is a more recently developed larvicide than Bti, there are fewer studies that have 
examined the nontarget effects of this pesticide.  The data available, however, indicate a high 
degree of specificity of Bshp for mosquitoes, with no demonstrated toxicity to chironomid larvae 
at any mosquito control application rate (Mulla et al. 1984; Ali and Nayar 1986; Lacey and Mulla 
1990; Rodcharoen et al. 1991).  This high specificity to some mosquito species and low toxicity 
to chironomid larvae is probably the consequence of the one endotoxin contained with the Bsph 
spore.  Unfortunately, this also makes the development of resistance to this pesticide more likely 
if this pesticide becomes widely and frequently used. 
 
Methoprene 
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Methoprene is a synthetic mimic of a naturally produced insect hormone, juvenile hormone (JH). 
 All insects produce JH in the larval stages, with the highest levels occurring in the insect=s early 
developmental stages.  As an insect reaches its final stage of larval development, the level of JH 
is very low.  This low level of JH triggers the development of adult characteristics.  When an 
insect is exposed to methoprene, a hormonal imbalance in the development of the insect results, 
and it fails to properly mature into an adult.  The insect eventually dies in the pupal stage.  The 
most susceptible stages of development to methoprene are the later instars (for mosquitoes, third 
and fourth instars).  In mosquito control applications, methoprene is applied directly to the larval 
breeding habitat.  Larvae will continue to feed and may reach the pupal stage, but they will not 
emerge as adults.  Methoprene is completely ineffective on mosquito pupae and adults.  It is 
available in several formulations:  liquid, granular, pellet, and briquet.  There are several micro-
encapsulated and extended-release formulations that remain effective for up to 150 days. 
 
The amount of methoprene necessary for mosquito control is < 1.0 part per billion (ppb).  The 
initial concentrations of methoprene when applied to aquatic habitats may reach 4-10 ppb, but 
residual concentrations are approximately 0.2 ppb (Ross et al. 1994).  Once released into the 
aquatic environment, it is non-persistent, with a half-life of about 30-40 hours.  Micro-
encapsulated and extended-release formulations will, of course, be present in the water longer as 
the pesticide is slowly released over time, 7-150 days, depending on the formulation.  In field 
applications, efficacy is determined only by an observed inhibition of emergence of adults, since 
larvae are not directly killed by the pesticide. 
 
Because methoprene is a JH mimic and all insects produce JH, there is concern about potential 
adverse impacts to nontarget aquatic insects when this pesticide is used for mosquito control.  As 
with Bti, there is particular concern regarding potential negative impacts to chironomid larvae 
due to their importance in food webs.  As with any pesticide, toxicity is a factor of dose plus 
exposure.  At mosquito control application rates, methoprene is present in the water at very small 
concentrations (4-10 ppb, initially).  With regard to exposure, chironomid larvae occur primarily 
in the benthos, either within the sediments and/or within cases constructed of silk and detritus.  
Thus, there may be differences with regard to exposure to methoprene between chironomid and 
mosquito larvae, the latter occurring primarily in the water column. 
 
The published literature on the impacts of methoprene to chironomids is not as extensive as that 
for Bti.  However, there is evidence for potential toxicity to chironomid and other aquatic 
invertebrates from methoprene treatments.  Some early experiments indicated approximately 50 
percent mortality of Chironomus stigmaterus (Chironomidae) and 70 percent of Brachydeutera 

argentata (Diptera:  Ephidridae) larvae when exposed to 0.01 ppm of technical grade methoprene 
(Miura and Takahashi 1973).  Mulla et al. (Mulla et al. 1974) noted up to 100 percent inhibition 
of emergence for some midge species, although the lowest concentration tested was 0.1 ppm.  
Breaud et al. (1977) observed reductions in several aquatic invertebrate taxa, including 
chironomids, after six applications of methoprene over an 18-month period in a Louisiana marsh. 
 The application rate in this latter study was 0.028 kg/ha of active ingredient, although the 
formulation was not specified (Breaud et al. 1977). 
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In testing different formulations of methoprene against chironomids in experimental ponds, Ali 
(1991a) found that sustained-released formulations inhibited emergence of midges by 38-98 
percent, in some cases for up to 7 weeks.  A liquid, microencapsulated formulation applied at 
mosquito control rates resulted in a 60 percent inhibition of emergence in the tribe Chironomini 
for 14 days post-treatment.  A pelletized, sustained-release (30 days) formulation applied at 
mosquito control rates inhibited all chironomid emergence by 64-98 percent for 7 weeks.  A 
briquet formulation (30 days sustained-release) produced 38-98 percent inhibition of all 
chironomids for 7 weeks.  The granular formulation applied at the high end of mosquito control 
rates reduced chironomid emergence by 61-87 percent (Ali 1991a). 
 
In the multi-year Minnesota study cited above, a 3-week sustained-release, granular formulation 
of methoprene was applied to treatment wetlands at a label-recommended rate of 5-10 kg/ha 
(Hershey et al. 1998; Niemi et al. 1999).  The pesticide was applied six times per season at 3-
week intervals.  The impacts from methoprene in this study were very similar to those observed 
for Bti.  Negative impacts were not observed until the second and third years of treatment.  In 
those years, significant declines in aquatic insect density and biomass were detected in 
methoprene-treated wetlands compared to controls.  Total insect biomass was 70 percent and 81 
percent lower in the second and third years of treatment, respectively, than in control wetlands 
(Hershey et al. 1998).  Reductions were observed across many insect taxa, including predators 
and non-predators, suggesting direct (pesticide) and indirect (food web) effects from methoprene 
treatments (Hershey et al. 1998). 
 
Although the application rate of methoprene used in the Minnesota study was well within 
operational rates used in mosquito control, the frequency of application exceeded what would 
probably occur under most field situations.  Using a 3-week sustained release formulation and 
applying that every 3 weeks ensured a nearly constant exposure of methoprene to aquatic 
invertebrates in the treated wetlands throughout the season.  Under such a scenario, it is unlikely 
that most impacted invertebrate populations would be able to re-colonize the wetlands during the 
treatments.  However, this does not discount the conclusion that nontarget aquatic invertebrates 
were indeed impacted by methoprene at rates and concentrations used for mosquito control.  
Whether or not the observed food web effects would have been lessened under a more realistic 
pesticide application regime is debatable. 
 
Studies of adverse impacts from methoprene on insect taxa other than chironomids are less 
conclusive.  Because methoprene affects insect development and does not directly kill larvae, 
traditional toxicity testing over a few days is often inadequate when looking for potential 
impacts.  Methoprene toxicity can only be observed at the point in which the immature insects 
reach (or fail to reach) adulthood.  Thus, many published laboratory and field studies looking at 
nontarget impacts from methoprene were of insufficient duration to detect actual negative 
impacts (e.g., Miura and Takahashi 1973). 
 
Breaud et al. (1977) observed adverse effects from methoprene on 14 aquatic invertebrate taxa, 
including Callibaetis sp. mayflies, odonates (dragonflies and damselflies), predaceous diving 
beetles, and chironomids.  Negative impacts to Callibaetis mayflies from methoprene treatments 
have been observed by others (Steelman et al. 1975; Norland and Mulla 1975).  Miura and 



K-11 
 

Takahashi (1973) did not observe any mortality on Callibaetis from methoprene in laboratory or 
field studies, but neither was of sufficient duration (48 hours and 1 week, respectively) to 
adequately detect developmental effects (Miura and Takahashi 1973).  Pinkney et al. (2000) 
observed consistently lower numbers of mayflies emerging from methoprene-treated wetlands 
compared to controls, but these differences were not statistically significant (Pinkney et al. 2000). 
 
There is evidence of methoprene impacts to non-insects as well.  McKenney and Celestial (1996) 
noted significant reductions in number of young produced in mysid shrimp at 2 ppb (McKenney 
and Celestial 1996).  Sub-lethal effects on the cladoceran, Daphnia magna, in the form of 
reduced fecundity, increased time to first brood, and reduced molt frequency have also been 
observed at concentrations < 0.1 ppb (Olmstead and LeBlanc 2001). 
 
There has been speculation and some preliminary data to suggest that methoprene causes limb 
malformations in amphibians (La Clair et al. 1998).  However, experiments with methoprene and 
its degradation products have failed to demonstrate developmental toxicity even at concentrations 
exceeding 100 times that expected for mosquito control (Ankley et al. 1998; Degitz et al. 2003).  
Therefore, current data do not support a role of methoprene in amphibian malformations. 
 
In summary, there is evidence for significant adverse nontarget effects from methoprene even 
when applied at mosquito control rates.  With regard to negative impacts to chironomid midges, 
there may be differences in susceptibility among species and differences depending on the 
formulation used.  One study in particular suggested that methoprene formulations with short-
term residual activity may have smaller impacts to chironomids (Ali 1991a).  However, even the 
"ineffective" liquid formulation used in this study reduced emergence of Chironomini midges by 
60 percent for two weeks.  Certainly, not all midges will be affected by a single application of 
methoprene for mosquito control.  However, the apparent differences in pesticide formulations, 
the varied susceptibility of species, and perhaps even the influence of some as-yet-undetermined 
environmental factors, make predicting the degree of any impacts nearly impossible. 
 
Because methoprene does not immediately kill susceptible chironomid larvae, they are still 
available for predators.  However, repeated applications of methoprene over a mosquito breeding 
season would eventually hinder recruitment as adults repeatedly fail to emerge (Hershey et al. 
1998).  Longer-term studies conducted over the course of a season or over multiple seasons are 
especially necessary for examining nontarget impacts from methoprene in order to detect 
potential impacts on longer-lived larvae (e.g., odonates, mayflies, and aquatic beetles) and to 
detect potential impacts to long-term recruitment.  As was the case with Bti, the ability for a 
population to re-colonize a wetland following a methoprene treatment would depend on the 
intensity and frequency of applications at different spatial scales. 
 
Temephos 
 
Temephos is the only remaining organophosphate pesticide used for larval mosquito control.  
Like all organophosphate pesticides, it functions on the nervous system by inhibiting the 
production of acetylcholinesterase.  Without this enzyme, nerves continue to fire, eventually 
resulting in death of the insect.  Temephos is available in liquid or granular formulations that are 
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applied directly to aquatic breeding habitats of mosquitoes.  Expected environmental 
concentrations of temephos in water are 20-35 ppb, but actual field concentrations can vary 
widely (Pierce et al. 1996).  Temephos is not persistent, but can remain effective for 7-10 days 
(Fortin et al. 1987).  
  
There have been many studies examining the adverse nontarget impacts of temephos.  Many of 
these studies have documented significant negative impacts to a wide range of aquatic taxa, 
especially in freshwater wetlands.  Temephos is very highly toxic to cladocerans (water fleas, 
e.g., Daphnia) at fractions of expected mosquito control concentrations (Fortin et al. 1987; 
Helgen et al. 1988).  The U.S. Environmental Protection Agency (EPA) has determined an LC50 
value of 0.01 ppb for Daphnia magna (EPA 1999), orders of magnitude lower than the expected 
environmental concentration of 20-35 ppb.  The pesticide is highly toxic to chironomid larvae at 
or below mosquito control concentrations (Mulla and Khasawinah 1969; Iannacone and Alvarino 
1998; Pinkney et al. 2000), although some researchers have documented only minimal effects on 
some species (Ali et al. 1978) (Ali 1991b).  Temephos is especially toxic to larvae of the non-
biting phantom midge, Chaoborus (Fales et al. 1968; Helgen et al. 1988; Pinkney et al. 2000).  
Temephos has also been found to be very toxic to potential mosquito predators such as odonates 
and backswimmers (Fales et al. 1968).  Pinkney et al. (2000) reported significant reductions in 
insect diversity, richness, and density within temephos-treated experimental ponds, with 
significant declines in Ephemeroptera (mayflies), Odonata, Diptera, and Chironomidae compared 
to control ponds. 
 
The effects of temephos on nontarget estuarine species are less studied.  There are some data that 
suggest negative impacts from temephos are not as pronounced on estuarine species (Lawler et 
al. 1999b).  However, there is evidence for toxicity to estuarine crustaceans from temephos at 
concentrations below those expected from field applications for mosquito control (Mortimer and 
Chapman 1995; Brown et al. 1996).  Studies have also shown sublethal and indirect impacts of 
temephos on fiddler crabs (Ward and Busch 1976; Pinkney et al. 1999).  In addition, at least 
some chironomid species in salt marsh habitats are susceptible to temephos (Ali et al. 1992). 
 
Temephos has also been shown to be lethal to tadpoles of green frogs at concentrations < 10 ppb 
(Sparling et al. 1997). 
 
It is clear that temephos is a much less specific larvicide compared to Bti and methoprene.  
Severe, negative impacts from temephos at mosquito control concentrations have been 
documented for a broad range of aquatic taxa in both freshwater and estuarine habitats, although 
some estuarine species are apparently more tolerant of the pesticide. 
 
Surface Oils and Films 
 
Surface oils and films are applied to mosquito breeding sites to kill mosquito larvae and pupae.  
The products create a barrier to the air-water interface and suffocate the insects, which require at 
least periodic contact with the water surface in order to obtain oxygen.  The oils are mineral oil 
based and are effective for 3-5 days.  Surface films are alcohol based and produce a 
monomolecular film over the water surface. 
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Both the oils and the films are potentially lethal to any aquatic insect that lives on the water 
surface or requires periodic contact with the air-water interface to obtain oxygen.  Studies have 
demonstrated very significant negative impacts to water surface-dwelling insects from 
applications of oils (Mulla and Darwazeh 1981; Lawler et al. 1998). 
 
Surface oils may also adversely impact wildlife by wetting the feathers of young waterfowl.  This 
may be of particular concern at low temperatures when the oil could affect thermoregulation 
(Lawler et al. 1998). 
 
Adulticides 
 
All pesticides used to kill adult mosquitoes are broad-spectrum insecticides.  The only selective 
aspect of these pesticides is in the manner in which they are applied.  Most adulticides used 
currently are applied as ultra-low volume (ULV) sprays, meaning relatively small amounts are 
used (compared to some agricultural pesticides) and they are sprayed as very fine droplets (10-30 
m in diameter).  This small droplet size allows the spray to drift for a relatively longer period of 
time compared to larger droplets, and the small size delivers an appropriate dose of the pesticide 
to kill an adult mosquito.  Drift is a necessary component of adulticiding because these sprays are 
most effective on flying insects.  For this reason, adulticide applications generally occur in the 
evening or early morning hours when the majority of mosquito species are most active.  
Adulticides may be applied by truck-mounted sprayers or applied aerially by helicopter or fixed-
wing aircraft. 
 
There are only two general classes of adulticides:  organophosphates and pyrethroids.  Both 
classes of pesticides work on the nervous system, although have different modes of action.  
Organophosphates are cholinesterase inhibitors while pyrethroids are sodium channel blockers.  
There are currently three organophosphate adulticides:  malathion, naled, and fenthion, although 
fenthion is used only in a few counties in Florida and will be removed from the market in 2004.  
The most common pyrethroids are the synthetic pyrethroids, permethrin, resmethrin, and 
sumithrin.  The pyrethroids are usually combined with the synergist piperonyl butoxide, which 
interferes with an insect's detoxifying mechanisms.  None of these pesticides is persistent, with 
half-lives ranging from hours (naled) to several days (malathion and some pyrethroids). 
 
Nontarget toxicity from adulticides may occur in either terrestrial or aquatic habitats as a result of 
deposition, runoff, inhalation, or ingestion.  In general, pyrethroids have lower toxicity to 
terrestrial vertebrates than the organophosphates.  With the exception of fenthion, which is highly 
toxic to birds, the application rates of the organophosphate adulticides are not likely to cause any 
direct mortality of vertebrates.  Pyrethroids, although less toxic to birds and mammals, are very 
toxic to fish and aquatic invertebrates (Anderson 1989; Siegfried 1993; Milam et al. 2000).  The 
actual toxicity of pyrethroids in aquatic habitats, however, is less than may be anticipated 
because of the propensity of these pesticides to adsorb to organic particles in the water (Hill et al. 
1994).  There are also data that indicate synthetic pyrethroid degradates have endocrine 
disrupting properties (Tyler et al. 2000). 
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In general, there are very few studies that have examined the nontarget effects of mosquito 
control adulticides.  As all of these chemicals are broad-spectrum insecticides, they are 
potentially lethal to most insects.  Yet there is a paucity of data available on the nontarget 
impacts to either terrestrial or aquatic invertebrates.  There are data indicating the high toxicity of 
adulticides to honey bees (Taylor et al. 1987; Hagler et al. 1989; Pankiw and Jay 1992a; Pankiw 
and Jay 1992b), although the timing of adulticide applications in the evening can be expected to 
minimize these impacts. 
 
Salvato (2001) examined the toxicity of naled, malathion, and non-synergized permethrin to 5 
species of butterflies, including larval and adult stages.  Naled and permethrin were found to be 
the most toxic to all life stages.  The LD50 data presented for some larvae and adults coincide 
with that delivered by a single ULV droplet of 5-23 m, within the desired range for mosquito 
control (Salvato 2001).  Mosquito control adulticiding has been identified as a likely contributing 
factor in the decline of several rare lepidopteran species in the Florida Keys (Calhoun et al. 2000; 
Salvato 2001). 
 
All adulticides are very highly toxic to aquatic invertebrates in concentrations < 1 ppb (Milam et 
al. 2000).  Because most adulticides can be applied over or near water when used for mosquito 
control, there are risks to aquatic invertebrates from direct deposition and runoff of the 
pesticides.  However, very few field studies have been conducted that have examined the impacts 
to aquatic organisms from mosquito control adulticides.  Jensen et al. (1999) failed to detect 
reductions in aquatic invertebrate abundance or biomass from truck-mounted applications of 
pyrethrin, permethrin, and malathion.  However, the potentially most sensitive group of 
invertebrates, cladocerans (water fleas), were not sampled (Jensen et al. 1999).  This could be 
important given that malathion residues of 6 ppb were recovered from water in the treatment 
areas during this study.  This is several times the LC50 values of 0.69 ppb and 1.8 ppb of 
malathion for Simocephalis serrulatus and Daphnia magna, respectively (USEPA 2000), 
indicating that cladocerans would be at risk from applications of malathion for mosquito control. 
 Declines in flying insect abundance were also observed during this study following pesticide 
applications, but the numbers quickly rebounded (Jensen et al. 1999). 
 
As was the case with studies of nontarget impacts from larvicides, the limited numbers of studies 
on adulticide impacts all involve examining short-term effects, usually from a single application 
of a pesticide.  It is difficult to extrapolate the results of short-term experiments into predictions 
of long-term impacts, whether the short-term studies detected impacts or not.  In addition, 
mosquito control is most often conducted at a landscape level.  Studies of impacts at such larger 
temporal and spatial scales are non-existent, and would be a challenge both scientifically and 
economically. 
 
Biological Control 
 
The mosquitofish, Gambusia affinis, has been used for decades as a biological control of 
mosquito larvae.  These fish are effective in removing mosquito larvae from relatively small, 
closed, and artificial aquatic systems, such as backyard ponds.  In more complicated natural 
systems however, Gambusia are not selective predators, and can adversely impact native 
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vertebrate and invertebrate communities (Rupp 1996).  They can out-compete many native 
species of fish by feeding on eggs and fry, and they can actually reduce the density of natural 
invertebrate predators.  There is also evidence that mosquitofish may cause direct and indirect 
impacts on tadpoles (Lawler et al. 1999a). 
 

Summary/Conclusions 
 
Mosquitoes are a natural component of many aquatic and terrestrial ecosystems.  Like other 
aquatic insects with terrestrial adult stages, mosquitoes provide a link between aquatic and 
terrestrial habitats.  Predation is probably the largest source of mortality for both larval and adult 
mosquitoes and, although there are relatively few predators that specialize on mosquitoes, these 
insects are fed upon by a wide variety of invertebrate and vertebrate predators.  The impact of 
greatly reducing mosquito populations in aquatic and terrestrial ecosystems has not been studied. 
 
Virtually every pesticide currently used to manage mosquito populations has the potential to 
adversely impact nontarget species.  Widely used larvicides such as Bti and methoprene have 
been demonstrated to kill susceptible chironomid midge larvae, with experimental evidence 
suggesting that such population-level impacts may result in community-level food web effects.  
All adulticides are broad-spectrum insecticides that can potentially impact a wide variety of 
invertebrates and some vertebrates.  The degree to which nontarget organisms or communities 
may be impacted by mosquito control pesticides is often difficult to predict because of 
differences in susceptibility among species, differences in toxicity of various formulated 
products, and basic knowledge gaps in toxicity data to certain species.  An additional factor is the 
paucity of studies examining nontarget impacts of mosquito control at large spatial and temporal 
scales. 
 
Organized mosquito control most often occurs at a landscape level such as a county or parish. 
When pesticides are applied to manage mosquito populations, it is often at multiple locations 
over relatively large spatial scales.  Furthermore, pesticides may be applied to any given area 
multiple times in a season, year after year.  The majority of nontarget mosquito control pesticide 
studies have examined impacts at much smaller temporal and spatial scales, such as one 
application in a single wetland.  While these studies provide useful data, it is difficult to 
extrapolate the results of these small-scale experiments into predictions of impacts from much 
larger scale treatments. 
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 Table 1. Mosquito-borne Virus Risk Assessment. 

WNV Surveillance Factor Assessment 
Value Benchmark Assigned 

Value 
1. Environmental Conditions  
High-risk environmental conditions 
include above-normal temperatures 
with or without above-normal 
rainfall, runoff, or snowpack. 
Weather data link: 
http://ipm.ucdavis.edu 

1 Avg daily temperature during prior 2 weeks ≤ 56 oF  

2 Avg daily temperature during prior 2 weeks 57 – 65 oF  

3 Avg daily temperature during prior 2 weeks 66 – 72 oF  

4 Avg daily temperature during prior 2 weeks 73 – 79 oF  

5 Avg daily temperature during prior 2 weeks > 79 o F  

   Cx tars Cx pip 
2. Adult Culex tarsalis and Cx. 
pipiens complex relative 
abundance* 
Determined by trapping adults, 
enumerating them by species, and 
comparing numbers to those 
previously documented for an area 
for the prior 2-week period. 

1 Vector abundance well below average (≤ 50%)   

2 Vector abundance below average (51 - 90%)   

3 Vector abundance average (91 - 150%)   

4 Vector abundance above average (151 - 300%)   

5 Vector abundance well above average (> 300%)   

3. Virus infection rate in Culex 
tarsalis and Cx. pipiens complex 
mosquitoes* 
Tested in pools of 50.  Test results 
expressed as minimum infection 
rate per 1,000 female mosquitoes 
tested (MIR) for the prior 2-week 
period. 

1 MIR = 0   

2 MIR = 0.1 - 1.0   

3 MIR = 1.1 - 2.0   

4 MIR = 2.1 - 5.0   

5 MIR > 5.0   

4. Sentinel chicken seroconversion 
Number of chickens in a flock that 
develop antibodies to WNV during 
the prior 2-week period.  If more 
than one flock is present in a region, 
number of flocks with seropositive 
chickens is an additional 
consideration.  Typically 10 
chickens per flock. 

1 No seroconversions in broad region  

2 One or more seroconversions in broad region  

3 
One or two seroconversions in a single flock in specific 
region  

 

4 
More than two seroconversions in a single flock or two 
flocks with one or two seroconversions in specific 
region 

 

5 
More than two seroconversions per flock in multiple 
flocks in specific region 

 

5.  Dead bird infection  
Number of birds that have tested 
positive (recent infections only) for 
WNV during the prior 3-month 
period. This longer time period 
reduces the impact of zip code 
closures during periods of increased 
WNV transmission. 

1 No positive dead birds in broad region  

2 One or more positive dead birds in broad region  

3 One positive dead bird in specific region  

4 Two to five positive dead birds in specific region  

5 More than five positive dead birds in specific region 
 

6.  Human cases 
Do not include this factor in 
calculations if no cases are detected 
in region. 

3 One or more human infections in broad region  

4 One human infection in specific region  

5 More than one human infection in specific region  

  Cx tars Cx pip
Response Level / Average Rating: 
Normal Season (1.0 to 2.5) 
Emergency Planning (2.6 to 4.0) 
Epidemic (4.1 to 5.0) 

TOTAL 
  

 
AVERAGE 

  

* Calculation of separate risk values for Cx. tarsalis and the Cx. pipiens complex may be useful if their spatial distributions 
(e.g., rural vs. urban) differ within the assessment area.  
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SLE Surveillance Factor Assessment 
Value Benchmark Assigned 

Value 
1. Environmental Conditions  
High-risk environmental conditions 
include above-normal temperatures 
with or without above-normal 
rainfall, runoff, or snowpack. 
Weather data link: 
http://ipm.ucdavis.edu 

1 Avg daily temperature during prior 2 weeks ≤ 56 oF  

2 Avg daily temperature during prior 2 weeks 57 – 65 oF  

3 Avg daily temperature during prior 2 weeks 66 – 72 oF  

4 Avg daily temperature during prior 2 weeks 73 – 79 oF  

5 Avg daily temperature during prior 2 weeks > 79 o F  

   Cx tars Cx pip 
2. Adult Culex tarsalis and Cx. 
pipiens complex relative 
abundance* 
Determined by trapping adults, 
enumerating them by species, and 
comparing numbers to those 
previously documented for an area 
for the prior 2-week period.   

1 Vector abundance well below average (≤ 50%)   

2 Vector abundance below average (51 - 90%)   

3 Vector abundance average (91 - 150%)   

4 Vector abundance above average (151 - 300%)   

5 Vector abundance well above average (> 300%)   

3. Virus infection rate in Culex 
tarsalis and Cx. pipiens complex 
mosquitoes* 
Tested in pools of 50.  Test results 
expressed as minimum infection 
rate per 1,000 female mosquitoes 
tested (MIR) for the prior 2-week 
collection period. 

1 MIR = 0   

2 MIR = 0.1 - 1.0   

3 MIR = 1.1 - 2.0   

4 MIR = 2.1 - 5.0   

5 MIR > 5.0   

4. Sentinel chicken seroconversion 
Number of chickens in a flock that 
develop antibodies to SLEV during 
the prior 2-week period.  If more 
than one flock is present in a region, 
number of flocks with seropositive 
chickens is an additional 
consideration.  Typically 10 
chickens per flock. 

1 No seroconversions in broad region  

2 One or more seroconversions in broad region  

3 
One or two seroconversions in a single flock in specific 
region  

 

4 
More than two seroconversions in a single flock or two 
flocks with one or two seroconversions in specific 
region 

 

5 
More than two seroconversions per flock in multiple 
flocks in specific region 

 

5.  Human cases 
Do not include this factor in 
calculations if no cases are detected 
in region. 

3 One or more human cases in broad region  

4 One human case in specific region  

5 More than one human case in specific region  

  Cx tars Cx pip
Response Level / Average Rating: 
Normal Season (1.0 to 2.5) 
Emergency Planning (2.6 to 4.0) 
Epidemic (4.1 to 5.0) 

TOTAL 
  

 
AVERAGE 

  

* Calculation of separate risk values for Cx. tarsalis and the Cx. pipiens complex may be useful if their spatial distributions 
(e.g., rural vs. urban) differ within the assessment area. 
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WEE Surveillance Factor 
Assessment 

Value Benchmark 
Assigned 

Value 

1. Environmental Conditions 
High-risk environmental conditions 
include above normal rainfall, snow 
pack, and runoff during the early season 
followed by a strong warming trend. 
Weather data link: 
http://ipm.ucdavis.edu 

1 Cumulative rainfall and runoff well below average  

2 Cumulative rainfall and runoff below average  

3 Cumulative rainfall and runoff average  

4 Cumulative rainfall and runoff above average  

5 Cumulative rainfall and runoff well above average  

2. Adult Culex tarsalis abundance  
Determined by trapping adults, 
enumerating them by species, and 
comparing numbers to averages 
previously documented for an area for the 
prior 2-week period. 

1 Cx. tarsalis abundance well below average (≤ 50%)  

2 Cx. tarsalis abundance below average (51 - 90%)  

3 Cx. tarsalis abundance average (91 - 150%)  

4 Cx. tarsalis abundance above average (151 - 300%)  

5 Cx. tarsalis abundance well above average (> 300%)  

3. Virus infection rate in Cx. tarsalis 
mosquitoes 
Tested in pools of 50.  Test results 
expressed as minimum infection rate per 
1,000 female mosquitoes tested (MIR) 
for the prior 2-week collection period. 

1 Cx. tarsalis MIR = 0  

2 Cx. tarsalis MIR = 0.1 - 1.0  

3 Cx. tarsalis MIR = 1.1 - 2.0  

4 Cx. tarsalis MIR = 2.1 - 5.0  

5 Cx. tarsalis MIR > 5.0  

4. Sentinel chicken seroconversion  
 

Number of chickens in a flock that 
develop antibodies to WEEV during the 
prior 2-week period.  If more than one 
flock is present in a region, number of 
flocks with seropositive chickens is an 
additional consideration.  Typically 10 
chickens per flock. 

1 No seroconversions in broad region  

2 One or more seroconversions in broad region  

3 
One or two seroconversions in a single flock in 
specific region  

 

4 
More than two seroconversions in a single flock or two 
flocks with one or two seroconversions in specific 
region 

 

5 
More than two seroconversions per flock in multiple 
flocks in specific region 

 

5. Proximity to urban or suburban 
regions (score only if virus activity 
detected) 
 

Risk of outbreak is highest in urban areas 
because of high likelihood of contact 
between humans and vectors. 

1 Virus detected in rural area 
 

3 Virus  detected  in small town or suburban area  
 

5 Virus  detected  in urban area 
 

6. Human cases 
Do not include this factor in calculations 
if no cases found in region or in agency. 

3 One or more human cases in broad region  

4 One human case in specific region  

5 More than one human case in specific region  

Response Level / Average Rating: 
Normal Season (1.0 to 2.5) 
Emergency Planning (2.6 to 4.0) 
Epidemic (4.1 to 5.0) 

 
TOTAL 

 

 
AVERAGE 
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Threshold Limits for Adult Mosquitoes on the 
San Pablo Bay National Wildlife Refuge 

 
Marin/Sonoma County, Napa County, and Solano County Mosquito 
Vector Control Districts 
 

Culex species 
 
 
Within 8 Miles of Residential    Remote Areas 
 
Greater than 1/minute landing count 5/minute 
or sweep net sample 
 
5/trap night 15/trap night 
EVS, C02, Faye Trap etc. 
 
Note: Dr. William Reeves recommendation that >2 Culex/trap night is sufficient for 
transmission of arboviral diseases. 
 
Once adult mosquito threshold is met, or exceeded, adult mosquito control using 
pyrethrin/pyrethroid (i.e. approved through PUP) adulticide will be considered.  The 
above adult mosquito thresholds were developed based on experience regarding 
subjective tolerances within communities the districts serve in Marin, Sonoma, Napa, 
and Solano counties, potential for the named mosquito species to disperse from the 
SPBNWR into specific communities within each district, potential for vector-borne 
disease transmission, biology of the mosquitoes (e.g. ability to disperse and lay eggs in 
tidal marshes and wetlands surrounding the SPBNWR, aggressive biting behavior, life 
cycle), and ability of the districts to control these mosquito species on the refuge and 
surrounding areas once adult mosquito populations have become established. 
 
The districts have developed these adult mosquito thresholds with the intent that once 
met or exceeded, discussions will be promptly initiated between district and SPBNWR 
staff to assess specific adult mosquito population issues at hand, and address the need 
for conducting adult mosquito control operations. For example, considerations to be 
discussed will include, but not be limited to: specific location(s) and size of the area(s) 
with adult mosquito issues on the refuge, access to affected area(s), weather 
conditions, and potential impacts to habitat and endangered species on the refuge. 
 
*The adult mosquito thresholds described in this document are specific to the San    
Pablo Bay National Wildlife Refuge. Due to the inherent subjectivity of thresholds and 
potential for emerging vector-borne diseases, the aforementioned thresholds may need 
to be reevaluated in the future. 
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Mosquito Biology 
(USFWS 2004) 

 
The following species descriptions provide information about some important mosquito vectors of 
human arboviruses in the U.S. An arbovirus is any virus that is maintained and biologically 
transmitted through vertebrate hosts by blood-feeding arthropod vectors (e.g., ticks and 
mosquitoes).  The virus multiplies within a Acompetent@ vector and is passed to a new host 
through subsequent blood meals.  Examples of arboviruses include various forms of 
encephalomyelitis as well as dengue. Note that this section is not all-inclusiveCthere are more 
species of mosquitoes that represent potential arbovirus vectors.  The following species represent 
primary and important bridge vectors. 
 
Aedes aegypti 

 
Mosquitoes in the genera Aedes and Aedes have eggs that are capable of withstanding dry 
and, often, freezing conditions.  For this reason, eggs deposited in a dry habitat may 
remain viable for years before hatching.  Females deposit eggs on moist surfaces that will 
flood at a later time.  Species of Aedes and Aedes mosquitoes inhabit a very diverse range 
of ephemeral habitats, ranging from small containers to large wetlands. 

 

Larval Habitat/Ecology: Aedes aegypti is a tropical/sub-tropical species of mosquito introduced 
into the United States.  Because it does not tolerate cold weather, it is found exclusively in the 
Southeast, especially in Florida.  Aedes aegypti larvae occur exclusively in artificial container 
habitats and natural treeholes.  Their preference for containers makes this species a serious pest in 
urban areas. 
 
Number of generations per year: several 
 
Flight range: one mile or less 
 
Blood-feeding Host: Aedes aegypti feeds primarily on mammals (including humans). 
 
Disease Association: Aedes aegypti is a primary vector of the human arboviruses Dengue and 
Yellow Fever throughout the tropical and sub-tropical parts of the world.  It has been found with 
WN in 2002, but it preference for mammalian blood probably makes it relatively unimportant as a 
bridge vector for zoonotic arboviruses. 
 
Aedes albopictus (Asian tiger mosquito) 
 
Larval Habitat/Ecology: Aedes albopictus is an exotic species of mosquito introduced into the 
United States during the early 1980s via used tire shipments from Asia.  Since its introduction, it 
has spread widely over the southern U.S. and along the Mid-Atlantic coast.  Aedes albopictus 
larvae occur primarily in container habitats, either natural or artificial.  While they are frequently 
associated with discarded tires, they may also be found in any container that will hold water, 
including natural treeholes.  Females oviposit on the sides of containers, and the eggs hatch when 
the container is flooded.  Aedes albopictus is often the most serious mosquito pest in urban and 
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residential areas within its range.  It is rarely abundant in natural areas. 
 
Number of generations per year: several 
 
Flight range: one mile or less (much of the rapid dispersal of this species throughout the southern 
and eastern U.S. is the result of human activities such as movements of used tires). 
 
Blood-feeding Host: Aedes albopictus feeds primarily on mammals (including humans), but will 
occasionally take blood meals from birds.  Females are aggressive and will readily bite during the 
daylight hours as well as at dusk. 
 
Disease Association: Aedes albopictus is a competent experimental vector of several arboviruses, 
including Dengue, Eastern Equine Encephalitis (EEE), West Nile virus (WN), and Cache Valley.  
Although EEE virus has been isolated from field-collected Aedes albopictus, its role in the 
transmission of this disease remains uncertain.  West Nile Virus has been detected in this species 
on numerous occasions, suggesting that it is an important bridge vector of this disease to humans. 
 
Aedes vexans (vexans mosquito, inland floodwater mosquito) 
 
Larval Habitat/Ecology: Larvae of Aedes vexans may be found in small snowmelt pools in the 
spring, but are much more common in temporary rain-filled pools from late spring through late 
summer.  Principal habitats include (freshwater) shallow, grass-filled depressions, temporary 
woodland pools, and shallow pools formed from irrigation.  Larvae in a suitable habitat can reach 
extremely high population numbers, with an estimate of 80 million/ha recorded at one site in 
Canada.  Because hatching usually occurs in the summer when water temperatures are warm, 
larval development can be rapid, from egg to biting adult in less than a week.  Females oviposit in 
dry basins where the eggs will remain viable until the habitat is flooded. 
 
Number of generations per Year: One to several. 
 
Flight Range: up to 5-10 miles 
 
Blood-feeding Host: Mammals are preferred, but Aedes vexans will occasionally feed on birds, 
making this species an important bridge vector for encephalitis viruses.  Aedes vexans feeds 
primarily at dusk, but will also bite during the day in shaded areas. 
 
Disease Association: Aedes vexans has been implicated (as a bridge vector) in the disease cycle of 
Eastern Equine Encephalitis (EEE), Western Equine Encephalitis (WEE), and West Nile virus 
(WN). 
 
Aedes canadensis (woodland pool mosquito) 
 
Larval Habitat/Ecology: Larvae occur in small snowmelt pools in woodland habitats. They hatch 
slightly later than other species of Aedes found in these same habitats, and may also hatch after 
summer rains flood these woodland basins.  Adults generally emerge in May, and may be 
encountered at any time from late spring through late summer.  Adults usually remain near their 



 
 N-3 

woodland larval habitats and are apparently long-lived. 
 
Number of Generations per Year: one or two 
 
Flight Range: usually one mile or less 
 
Blood-feeding Host: Aedes canadensis prefers mammals (including humans) but will readily feed 
on birds as well.  They bite predominantly during the day. 
 
Disease Association: Aedes canadensis has been implicated in the disease cycle of EEE and 
California Encephalitis (CE).  Because it will feed on both birds and mammals (including 
humans), and because adults tend to be long-lived, it is a potentially important bridge vector.  
More research is needed to assess the vector potential of this species. 
 
Aedes dorsalis 

 
Larval Habitat/Ecology: Aedes dorsalis is found throughout the U.S. except for the Southeast, 
but is most common in the West.  Larvae occur in shallow, open floodwaters with grassy 
vegetation.  The larvae can be found in both saline and alkaline freshwater habitats, often in very 
large numbers.  Along the Pacific Coast it is common in tidal marshes. 
 
Number of Generations per Year: Several 
 
Flight Range: several miles (up to 20-30) 
 
Blood-feeding Host: This species feeds almost exclusively on mammals, usually in the evening 
hours.  Females of this species are aggressive biters. 
 
Disease Association: Aedes dorsalis is apparently important as a vector of California 
Encephalitis, in which the disease cycle is in small mammals.  The virus can be passed directly 
into the mosquito=s eggs, so emerging adults can already be infected with the disease. 
 
Aedes melanimon 

 

Larval Habitat/Ecology: The larval habitats of Aedes melanimon are irrigated pastures and 
shallow, open flooded areas in the West.  Larvae of this species occur only in freshwater and are 
often associated with wetlands flooded for waterfowl habitat.  Like many other species of 
floodwater mosquitoes, Aedes melanimon densities can be very high in recently flooded habitats. 
 
Number of Generations per Year: Several. 
 
Blood-feeding Host: Aedes melanimon feeds primarily on mammals, with hares and rabbits 
favored hosts.  This species will also readily bite humans.  Blood-feeding generally takes place 
in the evening and early morning hours. 
 
Flight Range: up to 10 miles 
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Disease Association: Aedes melanimon has been implicated as a vector of Western Equine 
Encephalitis (in a cycle involving hares and rabbits) and in California Encephalitis. 
 
Aedes washinoi 

 

Larval Habitat/Ecology: The larval habitats of Aedes washinoi are snowmelt pools and 
floodwater habitats of valleys and foothills to about 1300 m above sea level.  Until recently, this 
species was grouped with A. increpitus.  Occurs primarily in California. 
 
Number of Generations per Year: 2 or more at lower elevations. 
 
Blood-feeding Host: Aedes washinoi feeds primarily on mammals, and will readily bite humans.  
Females feed readily during the day. 
 
Flight Range: less than one mile 
 
Disease Association: Unknown 
 
Coquilletidia ( = Mansonia) perturbans (irritating mosquito) 
 

Larval Habitat/Ecology: Coquilletidia perturbans is a resident of permanent freshwater marshes 
that have soft muck bottoms and abundant emergent vegetation.  The larvae are unusual for 
mosquitoes in that they remain buried in the soft sediments and obtain oxygen by piercing the roots 
of aquatic plants with a specialized siphon.  They can be found on a variety of aquatic plants 
including Typha, Sagittaria, Pontederia, Nymphaea, Juncus, and Carex.  Larvae overwinter 
attached to roots and emerge as adults in June and July.  Because of their unique means of 
obtaining oxygen, larvae of Coquilletidia perturbans are not as mobile as other mosquito larvae 
and are especially susceptible to desiccation from declining water levels (a factor used in control of 
this species).  Adult females oviposit directly on the surface of the water in areas of emergent 
vegetation.  The eggs hatch after a short time and the larvae attach themselves to the roots of 
plants in the muck, where they remain throughout the winter. 
 
Number of Generations per Year: One (two in Florida). 
 
Flight Range: several miles 
 
Blood-feeding Host: Coquilletidia perturbans is somewhat of a generalist feeder, apparently 
preferring mammals but readily taking blood meals from birds as well.  They bite predominantly 
at dusk. 
 
Disease Association: Coquilletidia perturbans is a primary vector of EEE.  Because it readily 
feeds on both birds and mammals, this species is believed to be important in transmitting EEE 
virus to horses and humans.  It may also be an important bridge vector of WN. 
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Culex nigripalpus 

 

Mosquitoes in the genus Culex generally breed in water containing a high amount of 
organic material.  Eggs are deposited directly on the surface of the water (unlike eggs of 
Aedes/Aedes, they are not desiccation-resistant) and all species are capable of multiple 
generations per year.  All species of Culex overwinter as adults. 

 

Larval Habitat/Ecology: Culex nigripalpus is found in freshwater ditches and marshes in the 
Southeast, especially Florida.  Like other species in this genus, females lay eggs directly on the 
water surface, and breeding is continuous throughout the warmer months of the year. 
 
Number of Generations per Year: several 
 
Flight Range: several miles 
 
Blood-feeding Host: Culex nigripalpus is a generalist feeder, taking blood meals from both birds 
and mammals.  They bite predominantly after dusk. 
 
Disease Association: Culex nigripalpus is a competent vector of SLE and WN.  It readily feeds 
on both birds and mammals, making it a potentially important bridge vector, and may be capable 
of maintaining the virus cycle in birds. 
 
Culex pipiens and Culex pipiens quinquefasciatus 
    (northern and southern house mosquito) 
 
Larval Habitat/Ecology: As the common names imply, Culex pipiens and Culex p. 

quinquefasciatus (two closely related species/subspecies) are usually associated with human 
habitations.  Larvae occur in water with a high organic content, and are often found in artificial 
container habitats such as bird baths, children=s wading pools, storm sewers, rain gutters, tires, and 
even tin cans.  Because of their preference for these habitats, Culex pipiens and Culex p. 

quinquefasciatus are often very abundant in urban centers, where artificial containers are often 
numerous and widespread.  They are also common in small ground pools in both urban and 
natural areas.  Adult females oviposit directly on the surface of the water and eggs hatch shortly 
thereafter.  In small habitats during the summer, larval development can be rapid.  Thus, 
although water is required for egg laying and larval development, even containers that hold water 
for only a week or so can provide suitable breeding habitat.  Adults overwinter in buildings, 
sewers, etc. 
 
Number of Generations per Year: Several. 
 
Flight Range: at least 1 mile. 
 
Blood-feeding Host: Both Culex pipiens and Culex p. quinquefasciatus appear to prefer birds to 
mammals, especially in the late spring and early summer.  Later in the summer, however, feeding 
on mammals (including humans) seems to increase, especially for Culex p. quinquefasciatus.  
Adults will readily enter houses to feed on humans.  They bite primarily from dusk to midnight. 
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Disease Association: Culex pipiens and Culex p. quinquefasciatus are primary vectors for St. 
Louis Encephalitis (SLE).  Culex pipiens and Culex p. quinquefasciatus have also been identified 
as primary vectors of West Nile virus (WN) in the East and South, respectively.  Both SLE and 
WN are amplified within bird populations in the spring and early summer, when the mosquitoes 
are feeding primarily on birds.  
 
Culex restuans (white dotted mosquito) 
 
Larval Habitat/Ecology: Larvae of Culex restuans occupy similar habitats as Culex pipiens and 
Culex p. quinquefasciatus: water with a high organic content.  Ditches, open ground pools, and 
containers are preferred habitats.  Adults are most abundant during the spring and early summer 
(less so in late summer), and again in the autumn.  Adults overwinter in similar habitats as Culex 

pipiens. 
 
Number of Generations per Year: several 
 
Flight Range: 1-3 miles 
 
Blood-feeding Host: Culex restuans appears to feed primarily on birds, rarely biting humans.  
They bite primarily at dusk. 
 
Disease Association: Culex restuans is a competent vector of SLE virus and WN.  Its preference 
for birds and its early season abundance suggest that it is important in amplifying virus among 
birds in the spring and early summer.  It is probably relatively unimportant as a bridge vector. 
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Culex tarsalis 

 
Larval Habitat/Ecology: This species is much more common in the southern, central, and 
western U.S than it is in the eastern U.S.  Culex tarsalis larvae are found in irrigation ditches, 
ponds, and storm sewers, usually that contain abundant organic material.  As in other species of 
Culex, overwintering is in the adult stage. 
 
Number of Generations per Year: several 
 
Flight Range: up to 25 miles 
 
Blood-feeding Host: Culex tarsalis is a generalist feeder.  While birds may be preferred, it will 
readily feed on mammals (including humans) as well.  They bite primarily after dusk. 
 
Disease Association: Culex tarsalis is the primary vector of Western Equine Encephalitis in the 
Midwest and West.  It is also an efficient vector of SLE.  West Nile virus was detected in this 
species in 2002, and laboratory tests indicate it is a very competent vector of WN.  Vertical 
transmission of WN (i.e., from adult female to her eggs) has been demonstrated in the laboratory. 
 
Culiseta inornata  
 
Larval Habitat/Ecology: Larvae of Culiseta inornata occur in a wide variety of permanent and 
semi-permanent aquatic habitats, including impoundments, duck club ponds, ditches and 
seepages.  Although primarily a freshwater species, Cs. inornata may also be found in brackish 
water.  In the southern part of its range (including much of California) this species is most 
abundant in the fall, winter, and spring, with adult females aestivating during the hot, dry 
summers. 
 
Number of Generations per Year: 2 or more 
 
Flight Range: several miles 
 
Blood-feeding Host: Culiseta inornata feeds primarily on large domestic animals, but will readily 
take a blood meal from a human host. 
 
Disease Association: Culiseta inornata has been implicated in the transmission of Western 
Equine Encephalitis and the California Encephalitis group of viruses.  It has been demonstrated in 
the laboratory to be capable of transmitting SLE and WN. 
 
Psorophora sp. 
 
Psorophora mosquitoes are generally large species that can inflict a painful bite.  These 
mosquitoes develop in rain-filled pools during the summer, frequently with Aedes vexans.  
Females deposit drought-resistant eggs in dry basins in the summer and fall, and the eggs do not 
hatch until inundated with warm water the following summer.  They are capable of multiple 
generations per year, especially in warmer climates.  The three most common species in the U.S. 
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are Psorophora ciliata, Ps. columbiae, and Ps. ferox.  Psorophora ciliata are unique in that 
late-stage larvae are predaceous, often consuming other mosquito larvae.  Aside from being 
troublesome biters, Psorophora mosquitoes are not important vectors of endemic arborviruses in 
most of the U.S.  However, they have been implicated in outbreaks of Venezuelan Equine 
Encephalitis in southern Texas and Mexico.  These mosquitoes may fly one to several miles from 
their breeding habitat. 
 
Anopheles sp. 

 
Anopheles mosquitoes are common in permanent to semi-permanent bodies of water.  Females 
overwinter as adults and deposit eggs directly on the surface of the water during the summer (eggs 
are not drought-resistant).  Several generations per year are produced.  Anopheles larvae are 
easily distinguished from other genera by their horizontal position at the water surface, compared 
with other mosquitoes that rest more-or-less vertically at the surface.  Anopheles mosquitoes are 
generally not important vectors of arboviruses, but are the primary vectors of malaria.  A common 
species in the East is Anopheles quadrimaculatus and in the West, Anopheles freeborni.  The 
flight range of Anopheles mosquitoes is generally about 1-2 miles, but some may fly several miles 
from their larval habitat. 
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Table 3. Summary of  Important Mosquito Vectors of Human Arboviruses in the United States 
 
 

Mosquito species 
 
Range in US 

 
Larval Habitat 

 
Voltinis

m  

 
Disease 
Vector2 

 
Type3 

 
Principal Host  

 
Aedes aegypti 

 
SE 

 
containers 

 
M 

 
Dengue (Den) 

 
P 

 
m (humans) 

 
Aedes albopictus 

 
S, E 

 
containers, 
treeholes 

 
M 

 
EEE(?), WN, 
Den 

 
B 

 
m (occas. b) 

 
Aedes vexans 

 
all US 

 
summer rain 
pools 

 
M 

 
EEE, WEE, 
WN 

 
B 

 
m:66-99+ 

 
Aedes canadensis 

 
E 2/3  

 
spring pools 

 
U or M 

 
EEE, WN(?) 

 
B 

 
m 

 
Aedes dorsalis 

 
US, ex. SE 

 
saltmarsh, 
brackish 

 
M 

 
CE, SLE, WEE 

 
B 

 
m 

 
Aedes melanimon 

 
W 

 
grassy pools 

 
M 

 
CE, WEE 

 
B 

 
m 

 
Aedes taeniorhynchus 

 
E, SE coast, S 
Calif. 

 
saltmarsh 

 
M 

 
EEE(?), WN(?) 

 
B 

 
m 

 
Aedes trivittaus 

 
US, ex. Far 
West 

 
summer rain 
pools 

 
M 

 
WN(?) 

 
B 

 
m 

 
Coquillettidia perturbans 

 
US, ex. High 
Plains 

 
cattail, sedge 
marsh 

 
U, M in 

FL 
 
EEE, WN 

 
B 

 
m:90 

 
Culex nigripalpus 

 
SE  

 
ditches, FW 
marshes 

 
M 

 
EEE, SLE, WN 

 
P,B 

 
generalist 

 
Culex pipiens 

 
N 2/3  

 
grnd. pools, 
containers 

 
M 

 
SLE, WN 

 
P,B 

 
b (occas. m) 

 
Culex quinquefasciatus 

 
S 1/2  

 
grnd. pools, 
containers 

 
M 

 
SLE, WN 

 
P,B 

 
b and m 

 
Culex restuans 

 
most US 

 
grnd. pools, 
containers 

 
M 

 
SLE, WN 

 
P 

 
b 

 
Culex tarsalis 

 
W; most US, 
ex. NE 

 
irrig. ditches, 
ponds 

 
M 

 
WEE, SLE, 
WN 

 
P,B 

 
b (spring) m (sum.) 

 
1 U: Univoltine, one brood    M: Multivoltine, 2+ broods 
2 CE: California Encephalitis EEE: Eastern Equine Encephalitis LAC: LaCrosse Encephalitis SLE: St. Louis Encephalitis WEE: 
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Western Equine Encephalitis; WN: West Nile Virus Den: Dengue 
3 b: birds;  m: mammals;  
4 Number is %  
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PYRETHRINS AND PYRETHROIDS 
 
TRADE OR OTHER NAMES: Several trade names associated with these compounds are  
Buhach, Chrysanthemum Cinerariaefolium, Ofirmotox, Insect Powder, Dalmation Insect Flowers, 
Firmotox, Parexan and NA 9184.  
 
INTRODUCTION: Pyrethrins are natural insecticides produced by certain species of  
the chrysanthemum plant. The flowers of the plant are harvested shortly after blooming and are 
either dried and powdered or the oils within the flowers are extracted with solvents. The resulting 
pyrethrin containing dusts and extracts usually have an active ingredient content of about 30%. 
These active insecticidal components are collectively known as pyrethrins. Two pyrethrins are  
most prominent, pyrethrin-I and pyrethrin-II. The pyrethrins have another four different active 
ingredients, Cinerin I and II and Jasmolin I and II. The typical composition of pyrethrin is pyrethrin 
I (38.0%), cinerin I (7.3%), jasmolin I (4.0%), pyrethrin II (35.0%), cinerin II (11.7%) and jasmolin 
II (4.0%); the composition of piperonyl butoxide is 80% 5-[2-(2-butyloxyethoxy)ethoxymethyl]-6- 
propyl-1,3-benzodioxole and 20% related compounds. Pyrethrin compounds have been used 
primarily to control human lice, mosquitoes, cockroaches, beetles and flies. Some "pyrethrin 
dusts," used to control insects in horticultural crops, are only 0.3% to 0.5% pyrethrins, and are used 
at rates of up to 50 lb/A. Other pyrethrin compounds may be used in grain storage and in poultry 
pens and on dogs and cats to control lice and fleas.  The natural pyrethrins are contact poisons 
which quickly penetrate the nerve system of the insect. A few minutes after application, the insect 
cannot move or  

http://extoxnet.orst.edu/pips/pyrethri.htm
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fly away. But, a "knockdown dose" does not mean a killing dose. The natural pyrethrins are swiftly 
detoxified by enzymes in the insect. Thus, some pests will recover. To delay the enzyme action so a 
lethal dose is assured, organophosphates, carbamates, or synergists may be added to the pyrethrins. 
Semisynthetic derivatives of the chrysanthemumic acids have been developed as insecticides. 
These are called pyrethroids and tend to be more effective than natural pyrethrins while they are 
less toxic to mammals. One common synthetic pyrethroid is allethrin.  In this report, the term 
"pyrethrins" refers to the natural insecticides derived from chrysanthemum flowers; "pyrethroids" 
are the synthetic chemicals, and "pyrethrum" is a general name covering both compounds. The 
EPA classifies pyrethrin-I as a Restricted Use Pesticide (RUP). Restricted Use Pesticides may be 
purchased and used only by certified applicators. 
 
TOXICOLOGICAL EFFECTS 
Acute Toxicity: Synthetic pyrethroid compounds vary in their toxicity as do the natural pyrethrins. 
Pyrethrum carries the signal word CAUTION. Inhaling   high levels of pyrethrum may bring about 
asthmatic breathing, sneezing, nasal  stuffiness, headache, nausea, incoordination, tremors, 
convulsions, facial flushing and swelling, and burning and itching sensations (102). The most   
severe poisonings have been reported in infants, who are not able to  efficiently break down 
pyrethrum. The lowest lethal oral dose of pyrethrum is 750 mg/kg for children and 1,000 mg/kg for 
adults (102). Oral LD50 values of   pyrethrins in rats range from 200 mg/kg to greater than 2,600 
mg/kg (96). Some   of this variability is due to the variety of constituents in the formulation.  
Mice have a pyrethrum oral LD50 of 370 mg/kg (102). Animals exposed to toxic amounts may 
experience tongue and lip numbness, nausea, and diarrhea. Symptoms   may also include 
incoordination, tremors, convulsions, paralysis, respiratory  failure, and death. Pyrethroids can 
cause two quite different responses at  near lethal doses in rats; aggressive sparring and a sensitivity 
to external stimuli progressing to tremors is the one response and pawing and burrowing behavior, 
and salivation leading to chronic seizures is the other (105). Human response to these two different 
types of pyrethroids has not yet been evaluated. Recovery from serious poisoning in mammals is 
fairly rapid. Rats and rabbits are not affected by large dermal applications (96, 102). On broken  

  skin, pyrethrum produces irritation and sensitization, which is further aggravated by sun exposure.  
 
Chronic Toxicity: Absorption of pyrethrum through the stomach and intestines and through the  
skin is slow. However, humans can absorb pyrethrum more quickly through the lungs during 
respiration. Response appears to depend on the pyrethrum compound used. Overall, pyrethrins and 
pyrethroids are of low chronic toxicity to humans and the most common problems in humans have  
resulted from the allergenic properties of pyrethrum (104). Patch tests for allergic reaction are an 
important tool in determining an individuals sensitivity to these compounds. Many of the natural 
and synthetic compounds can produce skin irritation, itching, pricking sensations and local burning  

  sensations. These symptoms may last for about two days (105).  
 
Reproductive Effects: Rabbits that received pyrethrins orally at high doses during the sensitive     
period of pregnancy had normal litters. A group of rats fed very high levels of pyrethrins daily for 
three weeks before first mating had litters with weanling weights much lower than normal (96). 
Overall, pyrethrins appear to have low reproductive toxicity.  

   
Teratogenic Effects: The one rabbit reproduction study performed showed no effect of pyrethrins 
on development of the offspring (101). More information is needed.   
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Mutagenic Effects: No information was found.  

   
  Carcinogenic Effects: No carcinogenic status has been established for pyrethrins or pyrethroids.  
   
Organ Toxicity: In mammals, tissue storage has not been recorded. At high doses, pyrethrum can 
be damaging to the central nervous system and the immune system. When the immune system is 
attacked by pyrethrum, allergies can be worsened. Animals fed large doses of pyrethrins may 
experience liver damage.  

   
Rats fed pyrethrin at high levels for two years showed no significant effect on survival, but slight, 
definite damage to the livers was observed (96).  Inhalation of high doses of pyrethrum for 30 
minutes each day for 31 days caused slight lung irritation in rats and dogs (102).  Fate in Humans 
and Animals: Pyrethrins, pyrethroids, and their metabolites are not known to be stored in the body 
nor excreted in the milk (100). The urine and feces of people given oral doses of pyrethrum contain 
chrysanthemumic acid and other metabolites (100, 96). These metabolites are less toxic to 
mammals than are the parent compounds (101). Pyrethrins I and II are excreted unchanged in the 
feces (100). Other pyrethrum components undergo rapid destruction and detoxification in the liver 
and gastrointestinal tract (96).  
 
ECOLOGICAL EFFECTS 
Pyrethrin is extremely toxic to aquatic life, such as bluegill and lake trout while it is slightly toxic 
to bird species, such as mallards. Toxicity increases with higher water temperatures and acidity. 
Natural pyrethrins are highly fat soluble, but are easily degraded and thus do not accumulate in the 
body. These compounds are toxic to bees also.Because pyrethrin-I, pyrethrin-II, and allethrin have 
multiple sites in their structures that can be readily attacked in biological systems, it is unlikely that 
they will concentrate in the food chain (100). 
 
ENVIRONMENTAL FATE 
Two pyrethroid synthetic insecticides, permethrin and cypermethrin, break down in plants to 
produce a variety of products (103). Pyrethrins have little residual effect. In stored grain, 50% or 
more of the applied pyrethrins disappear during the first three or four months of storage. At least 
80% of what remains is removed by handling, processing, and cooking (101). Pyrethrins alone  
provide limited crop protection because they are not stable. As a result, they are often combined 
with small amounts of antioxidants to prolong their effectiveness. Pyrethrum compounds are 
broken down in water to nontoxic products. Pyrethrins are inactivated and decomposed by 
exposure to light and air. Pyrethrins are also rapidly decomposed by mild acids and alkalis. Stored  
pyrethrin powders lose about 20% of their potency in one year. As the pyrethrins are purified, their 
stability decreases; thus, pure pyrethrin-I and pyrethrin-II are the least stable of the pyrethrins (96). 
Purified pyrethrins are very expensive and are only available for laboratory uses.  
 
PHYSICAL PROPERTIES AND GUIDELINES 
Physical Properties: 
  Appearance: The pyrethrins are viscous brown resins, liquids, or solids which inactivate readily in 
air.  
  Chemical Name: n/a  
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  CAS Number: 8003347  
  Molecular Weight: Due to differences in the types and amounts of esters in the pyrethrum 
mixture, its molecular weight ranges from 316 to 374.  
  Water Solubility: considered to be insoluble in water.  
  Solubility in Other Solvents: soluble in organic solvents like: alcohol, kerosene, nitromethane, 
petroleum ether, carbon tetrachloride, and ethylene dichloride.  
  Melting Point: n/a  
  Vapor Pressure: about 0 mm/Hg  
  Partition Coefficient: n/a  
  Adsorption Coefficient: n/a  
Exposure Guidelines: 
  ADI: 0.04 mg/kg body weight (humans) (101)  
  MCL: Not Available  
  RfD: Not Available  
  PEL: 5 mg/m3  
  HA: Not Available  
  TLV: 5 mg/m3  
BASIC MANUFACTURER 
There are several manufacturers of products in this category. 
REFERENCES 
References for the information in this PIP can be found on the website, 
http://extoxnet.orst.edu/pips/pyrethri.htm) (Reference List Number 2) 
 
DISCLAIMER: The information in this profile does not in any way replace or supersede the 
information on the pesticide product label/ing or other regulatory requirements. Please refer to the 
pesticide product label/ing.  

http://extoxnet.orst.edu/pips/pyrethri.htm


APPENDIX P. Marin/Sonoma Mosquito and Vector 

Control District Summary of West Nile 

Virus Testing in Marin and Sonoma 

Counties 2004-November 2, 2010 

 





P-1



P-2



P-3





APPENDIX Q. Public Comment and Response 
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