2003 WEST NILE VIRUS INFORMATION AND GUIDELINES

FOR THE NATIONAL WILDLIFE REFUGE SYSTEM

Introduction
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The 2002 West Nile virus (WNV) epidemic was the largest documented outbreak of mosquito-borne meningoencephalitis in the Western Hemisphere.  Over 4100 cases of human West Nile meningoencephalitis and West Nile fever were documented, with nearly 300 deaths.  Many thousands more were likely infected but suffered mild or no symptoms.  Since its introduction into the New York City area in 1999, WNV has been detected in 44 states and the District of Columbia, and in 2002 the virus crossed the continental divide.  As of April 1, 2003, only Alaska, Arizona, Hawaii, Nevada, Oregon, and Utah have not detected WNV.  West Nile virus has also been found in Canada and Mexico.

In addition to the human cases, 2002 also saw a widespread epizootic in equines.  Approximately 15,000 horse cases were reported throughout the country, with the largest number occurring in the central U.S.  Horses suffered an estimated 25-30% mortality.  Unlike other mosquito-borne diseases in North America, WNV causes extensive mortality in a large number of bird species.  Nearly 15,000 wild bird carcasses tested positive for WNV in 2002, but this figure no doubt grossly underestimates the true avian mortality from this disease.  Although over 150 species of birds have tested positive for WNV, the disease has been especially virulent in corvids.

Ecology of West Nile Virus


tc \l1 "Ecology of West Nile Virus

Despite the large number of human infections, WNV is essentially a wildlife disease.  The virus is spread by mosquitoes from bird to bird, and mammals (including humans) are only incidentally infected.  The transmission cycle initially involves only birds and bird-feeding mosquitoes as virus levels are amplified in the avian community during the spring.  Susceptible birds can become infectious (capable of infecting more mosquitoes) within a day or two after being infected by a mosquito, and generally remain infectious for only 3-5 days.  Over time, as the level of virus activity increases in both birds and mosquitoes, species of adult mosquitoes that feed on both birds and mammals (so-called “bridge vectors”) can acquire the virus from birds and potentially become infectious to humans and other mammals during subsequent blood meals.  Humans and horses are considered “dead-end hosts” because they do not develop a high enough level of virus in their blood (viremia) to infect mosquitoes, even though they can become seriously ill or die from the disease.

Although WNV is especially virulent in the elderly and those with compromised immune systems, anyone can potentially become seriously ill from the disease.  Most people who become infected with the virus exhibit no or only mild symptoms.  Approximately 1 in 150 infections result in serious illness (meningitis or encephalitis) and, of those, 10-15% may die.  Long-term neurological syndromes are frequently observed in survivors of West Nile meningoencephalitis.

Not all species of mosquitoes are efficient at transmitting WNV, and not all bird species are capable of developing a high enough level of virus in their blood to infect mosquitoes.  Several species of mosquitoes in the genus Culex are considered efficient (“competent”) vectors.  Many species in this genus prefer feeding on birds, so they are the primary vectors in amplifying WNV in bird populations.  Some species of Culex also readily feed on mammals and they can play an important role in WNV transmission to humans.  Species of Culex that have been identified as important vectors of WNV are identified in Table 1.  Generally, floodwater species of Aedes/Ochlerotatus are less efficient than Culex species at transmitting WNV, but could serve as potential bridge vectors when their numbers are high and there is intense virus activity (see Table 1).  For example, Aedes vexans is, at least experimentally, a relatively poor vector of WNV, but it is often the most abundant species of mosquito during the summer and has been found on numerous occasions to be infected with the virus.

A recent study has indicated that there is considerable variability among bird species to serve as reservoir hosts for WNV.  Experimental infections of 25 species, representing 10 orders, suggests that passerines generally develop high levels of virus in their blood and can serve as hosts in the transmission cycle of WNV.  Corvids, in general, developed some of the highest viremias and suffered the greatest mortality.  Among the non-corvid species, House Sparrows, House Finches, Common Grackles, and Ring-billed Gulls exhibited the highest and most persistent viremias of the birds tested.  Canada Geese and Mallards may be considered moderately competent hosts for WNV, as their viremias were lower and not as persistent as the above species.  European Starlings and Rock Doves were poor reservoir hosts and suffered little mortality.  These data should be considered preliminary in that not many individuals or species were tested.  However, the study does indicate that there is variability in host competence and susceptibility for WNV among and within bird species.  This study is available online in the March 2003 volume of Emerging Infectious Diseases from CDC: (http://www.cdc.gov/ncidod/EID/vol9no3/02‑0628.htm).

As part of the same study, it was determined that some birds can become infected with WNV orally and directly from bird-to-bird without mosquitoes.  A Great Horned Owl became infected after consuming WNV-infected mice and American Crows became infected after consuming infected House Sparrow carcasses.  Feeding on WNV-infected animals may be an additional route of infection for owls, raptors, and scavenging birds.

WNV Surveillance

tc \l1 "WNV Surveillance
Planning for WNV activity and potential intervention measures on NWRs is strongly encouraged.  General guidelines for surveillance and management of WNV on NWRs are presented in Table 2.  These guidelines are directed primarily to refuges without ongoing mosquito management.  All National Wildlife Refuges are asked to participate in surveillance efforts for WNV.  In most cases, this will only involve passive surveillance for dead birds; refuge personnel should be observant for dead or sick birds during their routine outdoor activities.  WNV-infected birds may experience neurological symptoms such as inability to fly, loss of balance, lack of response to human approach, paralysis, or convulsions.  Dead birds, particularly corvids and raptors, can be the first indicators of WNV activity in an area.  Most WNV-related deaths in birds occur singly and are not part of a mass die-off.  Active surveillance of corvid roosting areas for sickness and mortality may be appropriate when WNV has been detected in the local or adjacent county/parish, but has not yet been detected on the refuge.  The National Wildlife Health Center in Madison, WI has agreed to accept bird carcasses (all species) from NWRs for WNV testing.  Please review the attached collection and shipping protocols and insure that all personnel are familiar with safety issues of handling potentially WNV-infected carcasses (also see section on personal safety below).  Refuges that wish to use state laboratories for testing dead birds should identify and contact the appropriate laboratory early and obtain their collection and shipping protocols.  If a bird collected on a refuge tests positive for WNV, these results should be communicated to the local/state public health authorities and the Regional Refuge Supervisor as soon as possible.

The intensity of WNV surveillance activities will vary among states and among local jurisdictions within states.  Some areas will have extensive mosquito and disease monitoring in place while others may have none.  While surveillance for dead birds has been proven an effective means of identifying WNV activity, some states and local jurisdictions will discontinue this in 2003 and most will stop testing birds in a given area when they have one WNV-positive bird.  A few areas use caged, “sentinel” chickens that are regularly monitored for WNV antibodies.  Many jurisdictions are regularly testing mosquitoes for the presence of virus.  Adult mosquitoes can be collected live with various types of traps and tested in same-species pools for virus (usually 50 individuals/pool).  In general, larval mosquitoes are not tested for virus, but the relative abundance of larvae can be monitored by using 400 ml plastic “dippers” in aquatic habitats.

Refuges without an ongoing mosquito management program that are likely to encounter WNV activity in 2003 may be approached by the local/state public health or mosquito abatement agency regarding WNV surveillance.  Refuges should cooperate with local health authorities in surveillance to the extent practical.  Explain that the refuge will be conducting dead bird surveillance for WNV.  For most refuges, this may be all the surveillance that is necessary.  An agency may request permission for on-refuge monitoring of mosquito populations and testing mosquitoes for disease.  In a non-emergency situation, a refuge may request that agency to first justify the need based on off-refuge documentation of a potential health threat from refuge-based mosquitoes.  Documenting the necessity for on-refuge surveillance is required in completing the Compatibility Determination for that use (per Section 2.12.A[6e] of the Service’s Compatibility Policy).  Appropriate documentation may include species-specific adult mosquito monitoring data (e.g., landing counts or light trap data) from areas adjacent to the refuge indicating an abundance of known vector species.  If a potential health threat is documented, a Compatibility Determination for specific monitoring activities will need to be prepared.  If surveillance is found to be compatible, a Special Use Permit must be prepared that details the specific mosquito surveillance activities and identifies any restrictions on the agency conducting the surveillance (e.g., restricting access to sensitive habitats).  Mosquito monitoring may be for larvae and/or adults.  Minimally, the methods, frequency, and locations of collecting mosquitoes should be detailed; identifications should be made to the species level whenever possible, and the refuge should receive copies of all surveillance data.

Most NWRs will not have a mosquito surveillance program established, yet may potentially encounter a situation in which humans and/or domestic animals are becoming ill from WNV (i.e., Phase 6 of Table 2).  In such cases, mosquito abundance data is still required prior to the application of pesticides for mosquito control on the refuge; there must be documentation that such intervention measures are warranted.  These data can generally be collected within 24 hours (e.g., with adult mosquito light traps).  Such surveillance requirements should be communicated to the appropriate public health agency early in the year, prior to any emergency.

No mosquito control measures should be allowed on NWRs without current and local mosquito surveillance data, and responsibility for collecting those data lies with the local or state public health or mosquito management agency.

Management of West Nile Virus on National Wildlife Refuges
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It is important to note that National Wildlife Refuges, or any other natural areas, are NOT more likely to be foci of WNV than more developed areas, despite the frequent coexistence and abundance of birds and mosquitoes.  Because of differences in susceptibility to WNV infection among mosquito and bird species, both urban/suburban and rural areas may experience WNV activity, with transmission cycles involving different species.  In much of the eastern U.S., WNV is often seen in urban/suburban areas because of the container-breeding mosquito vectors and the abundance of reservoir hosts such as House Sparrows.  In the South and West, additional mosquito vectors occur in more rural environments and there can be frequent urban and rural transmission (evidenced by the large epizootic in horses in the Midwest in 2002).

Some of the species of mosquitoes identified as significant WNV vectors are known to breed in containers (Table 1).  At a minimum level of mosquito management, all refuges should identify and remove/treat artificial breeding habitats for mosquitoes.  Any container that holds stagnant water for 7 days or more is a potential breeding site.  Examples include clogged rain gutters, old tires, open buckets, boat covers, and even plastic cups.

Mosquito management conducted on NWRs specifically for WNV should be based on risks to humans and/or sensitive wildlife populations.  Risk can only be assessed when there is adequate surveillance data.  Some general guidelines, specifically for WNV surveillance and management on NWRs, are presented in Table 2.  These guidelines are directed primarily to refuges without ongoing mosquito management.  Refuges located in areas where WNV may be an issue in 2003 are encouraged to cooperate with the local or state public health agency regarding that agency’s surveillance plans and potential disease intervention measures.  Discussions regarding potential intervention measures for WNV are better conducted before an emergency exists.  In some cases, compatible habitat management can be employed to minimize mosquito breeding, although this is most often a long-term endeavor requiring considerable lead time.  Proactive consultations concerning potential pesticide applications to a NWR for WNV-related mosquito management should not be construed as a willingness or pre-approval to use these except in a documented emergency.  The appropriate refuge response to WNV activity on or near a refuge should be determined on a case-by-case basis, based on the level of risk indicated by local and up-to-date surveillance data.  Refuges should consult with their regional IPM coordinator prior to the application of any pesticides for WNV intervention.  Prior approval of Pesticide Use Proposals is required, and the approval process can be expedited in an emergency.

Development of appropriate treatment thresholds specifically for WNV should take into account the following factors: mosquito species present (disease competence, life history, flight range, etc.); proximity of the refuge to human populations (consider numbers, density, cultural mosquito tolerance, etc.); previous and current WNV activity in the county/parish (spatial distribution and intensity); spatial extent and type of mosquito habitat on the refuge; breeding areas on- vs. off-refuge; season (early vs. late); water quality (organic content); and natural predator populations.  If possible, it may be appropriate to establish different thresholds for different mosquito species based on their relative importance in the transmission cycle of WNV (i.e., Culex spp. vs. Aedes/Ochlerotatus  floodwater species).

As stated above, pesticide applications to NWRs for WNV-related mosquito management must be based on current surveillance data, even in emergency situations.  The agency requesting the intervention should document that 1) refuge-based mosquitoes represent an persistent or increasing risk to public health, and 2) the application of pesticides will lower this risk.  Monitoring should continue following any treatment to determine efficacy.

All pesticide applications must be consistent with the Department of the Interior and Service Pest Management Policy (30 AM 12, see Section 12.6 D) and the Department’s Pesticide Use Policy (517 DM 1).  Also, see the Pest Control chapter (7 RM 14) in the Refuge Manual.  For mosquito control pesticides, larvicides are preferred over adulticides for efficacy and selectivity, and Bacillus-based larvicides (Bti and Bacillus sphaericus) are preferred in most situations.  Table 3 lists pesticides that are used for mosquito control.  This table is meant to serve as a quick reference only.  For more information, contact your regional IPM coordinator.

WNV Management and Wildlife
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Since its introduction into North America in 1999, WNV has been found in over 140 species of free-ranging birds.  The experimental evidence cited above suggests a high degree of variability with regard to the impact of WNV on any given species.  The disease has been especially virulent to species in the family Corvidae, with 30-50% mortality observed in marked American Crow populations.  However, most WNV activity is focal, so the impact to avian populations varies from one location to another.  Preliminary assessments of the effects of WNV on wildlife suggest that species with healthy populations and widespread distributions will survive in the long term.  The primary concern for WNV and wildlife is the potential for devastating impacts to threatened and endangered species.  Populations of listed species should be monitored closely.  Although the impact of WNV on any given species varies (including birds and small mammals), it should be assumed that this disease is fatal to any listed species until demonstrated otherwise.  Protecting listed species from WNV in the wild is problematic.  Although some mosquito population management on the refuge may be appropriate, this cannot be guaranteed to lower the risk to sensitive populations.  There are some experimental avian vaccines that may be effective in protecting captive birds, but the safety and efficacy of these have not been fully documented to date.

WNV Management and Compliance Documents
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Depending on the level of surveillance and intervention, the following documents may be required:


Compatibility Determination (required for surveillance and intervention activities undertaken by an outside agency, but may be waived in a health emergency to humans and/or wildlife)


Special Use Permit (for on-refuge surveillance and pesticide applications, if necessary)


Pesticide Use Proposal: In an emergency situation, complete this immediately and contact the RO and WO IPM coordinators for expedited approval.  Actual use of any pesticide will be contingent on current mosquito population surveillance data, but in an emergency don’t wait for surveillance results to initiate the PUP process.


Section 7 compliance for listed species (Note that DOI Pesticide Use Policy [517 DM 1] and DOI/Service Pest Management Policy [30 AM 12] do not allow for adverse impacts to listed species from pesticides).  This should be completed prior to an emergency.


NEPA: Under most circumstances, monitoring and surveillance activities can be categorically excluded under existing DOI NEPA procedures for data collection and inventory (516 DM 2, Appendix 1.6; and 516 DM 6, Appendix 1.4 B[1].  Also see 516 DM 2, Appendix 2 for exceptions to categorical exclusions).  Intervention measures for WNV such as pesticide applications generally cannot be categorically excluded.  Refuges with ongoing mosquito management should already have existing NEPA documentation that addresses these actions and their impacts, but should review these to ensure that potential intervention measures for WNV have been addressed.  Refuges without existing NEPA documentation for mosquito management should  prepare an Environmental Assessment (EA) if intervention measures (e.g., pesticide applications) can be reasonably expected.  Intervention measures may be reasonably expected if the local/state public health agency has documented a potential health threat from refuge-based mosquitoes (see Table 2, Phase 3).  In such a case, the preparation of an EA with a Finding of No Significant Impact (FONSI) must be completed prior to any substantial intervention activities.  An example of an EA for emergency mosquito control will be provided to the field by the NWRS Headquarters Office to facilitate NEPA compliance.  Individual EAs will require consideration of local conditions.  Factors to consider in assessing the potential environmental effects of an emergency pesticide application include the spatial and temporal extent of the treatment, the toxicity and specificity of the proposed pesticide(s) to fish and wildlife populations, and the alternatives to the proposed action (e.g., different pesticides, using larvicides versus adulticides, compatible habitat management).  These same factors may be used in a compatibility determination.  Identification of restricted areas and activities should also be documented in an EA to minimize potential impacts.  Specific NEPA guidance for emergencies in the Council for Environmental Quality regulations (Section 1506.11) refers to actions which would normally require the preparation of an Environmental Impact Statement, and are not relevant to short-term WNV intervention measures that may occur on NWRs.

Refuge Personnel and Visitor Safety

Although the risk of becoming seriously ill with a mosquito-borne disease in the U.S. is low, these diseases, particularly WNV and Eastern Equine Encephalitis, can be life threatening.  The best way to avoid contracting a mosquito-borne disease is to avoid being bitten by mosquitoes.  Employees, volunteers, and refuge visitors are advised to wear long pants and long shirt sleeves, and apply insect repellent.  Insect repellents containing 20-30 % DEET (N,N-diethyl-3-methylbenzamide) have been found to be effective in reducing mosquito bites, and—whenever possible—should be applied to clothing rather than directly to skin.  Follow label instructions, as lower concentrations of DEET are recommended for children.  For a recent comparison on the efficacy of various insect repellents, see: http://content.nejm.org/cgi/content/full/347/1/13.  Many species of mosquitoes are most active at dusk and dawn, and efforts should be made to reduce exposure to mosquitoes during these times.

Research has indicated that WNV-infected birds can shed virus through the mouth, cloaca, and skin.  In addition, the internal organs of infected birds can contain high levels of virus.  Bird carcasses should always be handled with gloves or an inverted plastic bag for collection.  Personnel working with live birds and those performing necropsies should wear appropriate gloves, and the use of an N95 filter mask is encouraged due to the potential for aerosol transmission of the virus.  Aerosol transmission of WNV to humans has not been documented to date, but the risk has been identified as another potential mode of infection.  Personnel taking blood samples from live birds should be especially careful to avoid needle sticks, as WNV infection of a laboratory worker from this has been documented.

Personnel working with live birds should also be aware of the potential to spread WNV from bird to bird from handling and through the use of contaminated equipment, including gloves, needles, and bags.  Since infected birds may not appear ill, use new or disinfected equipment for each specimen.

Additional Information
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For up-to-date information regarding West Nile virus, see the following websites.  Most states also have websites with WNV information.

http://www.cdc.gov/  (CDC main website)

http://www.cdc.gov/ncidod/dvbid/westnile/index.htm  (For information on WNV and other mosquito-borne diseases)

http://www.westnilemaps.usgs.gov  (For up-to-date distribution maps of WNV activity, by state and county; available in Spring 2003)

http://www.nwhc.usgs.gov/  (National Wildlife Health Center)

http://www.cfe.cornell.edu/erap/WNV/  (Up-to-date information on WNV activity, research)

For refuge-related information regarding WNV, mosquito biology, and mosquito management contact Mike Higgins: 410 573-4520; mike_j_higgins@fws.gov

Table 1.  Some important vectors of West Nile virus in the U.S.*

	Species
	Distribution in Lower 48 States
	Primary Habitat(s)

	Culex pipiens
	Northern 2/3
	Containers, ground pools, ditches; water with high organic content

	Culex restuans
	Most of U.S., esp. Eastern 2/3
	Same as above

	Culex quinquefasciatus
	Southern 1/2
	Same as above

	Culex salinarius
	Eastern 2/3
	Brackish and freshwater marshes, impoundments

	Culex nigripalpus
	Southeast, esp. Florida
	Ditches, freshwater marshes, irrigated areas

	Culex tarsalis
	West to Midwest
	Irrigated fields

	Aedes albopictus
	South and East
	Containers, tires, natural treeholes

	Aedes vexans
	All U.S.
	Summer floodwaters

	Ochlerotatus triseriatus
	Eastern 1/2
	Containers, tires, natural treeholes


*Table does not include all potential vectors.

Table 2.  2003 WEST NILE VIRUS PHASED RESPONSE FOR NATIONAL WILDLIFE REFUGES

Phase
               Conditions




     Response(s)

	1
	ALL refuges, regardless of current level of risk.
	1). Reduce on-refuge artificial mosquito breeding habitats.  Remove tires and debris that may accumulate water.  2). Identify a laboratory for testing of dead birds.  3). Participate in passive or active surveillance and collection of dead birds on the refuge*.  4). Educate staff on collection protocols for dead birds (including safety information) and personal protection measures to minimize risk of acquiring WNV*.

	2
	Mosquito management for WNV has been identified as an issue by local/state public health agency.  Mosquito surveillance on the refuge has been requested.  WNV may or may not be currently detected in local or adjacent jurisdiction (county or parish).
	Response as in Phase 1, plus: Request documentation that refuge-based mosquitoes pose a potential** risk to public health based on off-refuge surveillance data (presence of important vector species and abundance data).

	3
	Local/state public health agency has documented potential** public or wildlife health risk from refuge mosquitoes based on off-refuge surveillance data (presence of important vector species and abundance data).  On-refuge surveillance is requested.
	Response as in Phase 1, plus: 1). Prepare CD and Special Use Permit for detailed surveillance plans and potential intervention measures.  2). Prepare EA for potential intervention measures.  3). Comply with ESA Section 7, if applicable.  4). Identify restrictions for surveillance and/or intervention measures.  4). Explore opportunities to reduce larval mosquito abundance through compatible habitat management*.  6). Develop treatment thresholds for vector species of mosquitoes*.

	4
	WNV currently detected in local or adjacent jurisdiction (county or parish) from surveillance (wild, sentinel, or dead birds; mosquitoes) OR isolated WNV-positive bird recovered from the refuge.
	Response as in Phase 3 plus: 1). Assess larval and/or adult mosquito abundance on refuge based on current surveillance data.  2). Allow increased levels of surveillance if necessary (e.g., more adult traps, collection and testing of adult mosquitoes).  3) Prepare Pesticide Use Proposal(s) for potential intervention (notify Regional IPM coordinator)  4). Inform staff and refuge visitors of increased risk.

	5
	WNV currently detected in local or adjacent jurisdiction in dead bird or mosquito surveillance within 5 miles or within published flight range(s) of vector species present on refuge AND pre-determined larval thresholds of important vector species on the refuge have been exceeded based on current surveillance.
	Response as in Phase 4 plus: 1). Consider allowing larviciding targeted at vector species using pesticide presenting the lowest risk to wildlife and habitats.*** 2). If larvicides are used, insure that post-treatment surveillance is conducted to assess efficacy.

	6
	WNV currently detected in humans or domestic animals within flight range of vector species on refuge, OR infected adult mosquitoes collected from or immediately adjacent to the refuge
	Response as in Phase 5 plus: 1). Consult with RO to consider allowing adulticiding*** targeted at vector species ONLY IF adult mosquito thresholds for that species have been exceeded based on current surveillance.  2). Inform refuge staff and visitors of the increased risk.  3). Based on the risk level of infection determined by the refuge manager and the local health officials, consider closing the refuge to visitors.


*See text

**Identification of a potential human or wildlife health threat would include demonstrating the presence of known amplifying or bridge vector species of mosquitoes on or adjacent to the refuge.  Note that this alone does NOT indicate an increased risk to human or wildlife health.

***Questions to ask before allowing pesticide interventions: 1). Is there evidence of a persistent or increasing risk to human or animal health?  2). Are mosquitoes found on the refuge known amplifying or bridge vectors of WNV?  3). Are mosquitoes found on the refuge capable of flying far enough to infect nearby residents?  4). Have threshold levels of abundance been exceeded?  5). Will treatment lower the risk of disease to humans or animals?
Table 3. Pesticides Used for Mosquito Control.
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	Pesticide
	tc \l2 "PesticideTrade Name(s) 
	How Used
	Non-target impacts*
	Comments

	tc \l1 "CommentsBacillus thuringiensis israelensis (Bti)
	VectoBac, Teknar, Mosquito Dunks, AquaBac
	Larvicide; may be granular, liquid, or applied to corn cob pellets.  Can be applied aerially, by truck, or manually.
	Some species of midge larvae in subfamily Chironominae; potentially other primitive dipteran larvae
	Most effective on early-stage mosquito larvae (instars 1-3).  Effective for only 1-2 days; not effective in water with high organic content.

	Bacillus sphaericus (Bs)
	VectoLex
	Larvicide; may be liquid, granular, or pellet/packet.
	Minimal impacts identified to date.
	Can be effective for weeks; used primarily for Culex spp. in water with high organic content; not effective on all species of mosquitoes.

	Methoprene
	Altosid
	Larvicide; liquid, granular, briquette formulations
	Some chironomid larvae; some crustaceans and aquatic insect larvae
	Juvenile hormone mimic; effective on later-stage mosquito larvae (instars 3-4).  Long-term briquettes may lead to resistance.

	Temephos
	Abate
	Larvicide; liquid and granular formulations
	Can impact wide variety of aquatic invertebrates, amphibians.
	Only remaining organophosphate larvicide.

	Surface Oils
	Golden Bear
	Larvicide and pupacide; applied over surface of the water to suffocate larvae and pupae
	Other aquatic insects living on water surface or requiring air; at cold temps. may impact young waterfowl 
	petroleum distillate; may be effective for 2-3 days.

	Surface Films
	Agnique, Arosurf
	Same as surface oils
	Other aquatic insects as above; impacts to young waterfowl not studied.
	Alcohol based; field efficacy is variable

	Malathion
	Fyfanon, Atrapa
	Adulticide; liquid applied as ultra-low-volume (ULV) spray; applied aerially or by truck-mounted sprayer
	Terrestrial invertebrates, potentially some aquatic invertebrates and vertebrates
	Organophosphate; broad-spectrum insecticide; moderately soluble in water; 1-6 day half-life.

	Naled
	Dibrom, Trumpet
	Same as malation; usually applied aerially
	Same as malathion, but higher toxicity to vertebrates
	Organophosphate; broad-spectrum insecticide; relatively insoluble in water; half-life < 1 day; very corrosive.

	Fenthion
	Baytex
	Same as malathion
	Same as malathion, plus highly toxic to birds
	Organophosphate; NOT recommended for use on NWRs.  Labeled for use only in FL and LA.

	Pyrethrins
	Pyrenone, Pyrocide
	Adulticide; usually applied in ULV truck-mounted spray.
	Terrestrial invertebrates; less toxic to birds and mammals than organophosphates, but more toxic to aquatic species
	Natural product from chrysanthemum plant; expensive and not widely available; breaks down more rapidly than synthetic pyrethroids.

	Permethrin
	Biomist, Permanone, Aqua-Reslin
	Same as pyrethrins
	Same as pyrethrins
	Synthetic pyrethroid; often synergized with PBO** to increase effectiveness.

	Sumithrin
	Anvil
	Same as pyrethrins
	Same as pyrethrins; may be less toxic to some aquatic species
	Same as permethrin

	Resmethrin
	Scourge
	Same as pyrethrins
	same as pyrethrins
	Same as permethrin; restricted-use pesticide


*Summary of known non-target effects

**PBO = piperonyl butoxide,  added to pyrethroids, is a possible human carcinogen (USEPA).

