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1.0 INTEGRATED MANAGEMENT
Floore (2004) states that, "The Integrated Mosquito Management (IMM) is based on ecological, economic and social criteria and integrates multidisciplinary methodologies into pest management strategies that are practical and effective to protect public health and the environment and improve the quality of life. IMM strategies are employed in concert with insecticide. These include source reduction, which incorporates physical control (digging ditches and ponds in the target marsh) and biological control. Other non-chemical control methods include invertebrate predators, parasites and diseases to control mosquito larvae. Adult mosquito biological control by means of birds, bats, dragonflies and frogs has been employed by various agencies. However, supportive data is anecdotal and there is no documented study to show that bats, purple martins, or other predators consume enough adult mosquitoes to be effective control agents.”
2.0 CHEMICAL CONTROL
“The primary approach used for mosquito control has mainly relied on pesticides. However, very few types of pesticides are currently registered for mosquito control. Furthermore, many mosquito species have developed resistance to various classes of pesticides (Su and Mulla 2004; Tia et al. 2006;  Xu et al. 2006 in Pridgeon et al. 2008), creating an urgent need to seek and identify new effective pesticides to control these important disease vectors (Pridgeon et al. 2008). Pridgeon et al. (2008) assessed 19 different pesticides for adulticidal activity on three mosquito species, Aedes aegypti, Culex quinquefasciatus Say and Anopheles quadrimaculatus Say.
The three mosquito species tested showed different susceptibilities to most of the chemicals tested. However for all three mosquito species tested fipronil was the most effective. Fipronil is a broad spectrum pesticide which is very toxic to non-target aquatic invertebrates, and thus unlikely to be approved for aerial sprays. Permethrin, a pyrethroid was the second most effective chemical against all mosquito species. The authors highly recommend permethrin, unless mosquito strains have developed resistance, which is a common phenomemon with pyrethroids.
Carbaryl, spinosad, imidacloprid, diazinon and abamectin all showed slightly lower activity than permethrin. Carbaryl and diazinon are pyrethroids and are both registered as effective aerial sprays for mosquito control, and thus are recommended unless resistance has been reported. Abamectin is a relatively new pesticide made from the natural fermentation product of the bacterium Streptomyces avermitilis. Abamectin showed only slightly lower activity than permethrin, and thus the authors suggest it is a compound worth exploring as a potential mosquito adulticide. Imidacloprid is another relatively new pesticide which showed high activity rates against all three mosquitoes. However use of this pesticide is controversial because it is thought to cause high losses of bees. Spinosad is a new chemical class of pesticides registered by the EPA to control a variety of insects. It showed high activity against the mosquito species tested. Furthermore because the active ingredient is derived from the bacterium Saccharopolyspora spinosa and because spinosad has low impact to mammals, birds and beneficial predators of mosquitoes, the authors suggest spinosad is also “worth of pursuing as a mosquito adulticide” (Pridgeon et al. 2008).
Ham et al. (1999-A) studied the effects of three pesticides against four mosquito species including A. quadrimaculatus. The authors found that, "Scourge (resmethrin) was significantly more effective against A. quadrimaculatus.” Milam et al. (2000) list Dursban, malathion, Permanone, Abate, Scourge, B.t.i, and Biomist as chemical control agents of A. quadrimaculatus. Groves et al. (1997) report significant mortality was observed among A. quadrimaculatus using Responde, Permanone 31-66 RTU, and Scourge.
Dennett et al. (2003) report success in achieving control of A. quadrimaculatus using fipronil and lambda-cyhalothrin against the larval stage in Arkansas rice plots. The authors found that, "Fipronil achieved higher percentages of control against A. quadrimaculatus, compared to lambda-cyhalothrin, and was less harmful to both nontarget predators." 
Meisch et al. (1997) found that Permanone 31-66 and Aquareslin were effective in controlling A. quadrimaculatus. Ham et al. (1999b) compared the typical form of truck-mounted spray systems using Aqua Reslin with a similar setup that electrostatically charges Aqua Reslin which is a water-based permethrin insecticide. The authors determined that electrostatic drops, "demonstrated strong correlations between each paired variable, whereas the nonelectrostatic drops showed poor correlation between drops per cm2-mortality, distance-drops per cm2, and MMD-drops per cm2. However, from this trial, these differences cannot be attributed purely to the electrostatic charge because significant differences in droplet size can affect spray performance. 

Xue et al. (2003) found that among 18 experimental skin repellent compounds tested, "Larval mortality data at 24 and 48 h after treatment indicated that 12 test repellents caused larval mortalities in the range of 67 to 100% against A. quadrimaculatus “. Xue et al. (2003) tested sixteen commercial insect repellents for adult knockdown (KD) and mortality of laboratory-reared female mosquitoes. The authors found that, "All tested products produced significant post-treatment KD and 24 h mortality" in all three tested species which included A. quadrimaculatus ." Xue and Barnard (2003) studied the toxicity of boric acid solutions to adult A. quadrimaculatus and other mosquito species. The authors report inducing mortality with boric acid. 

The use of the chemical DEET is a major aspect of protection of humans from mosquito attack and the contraction of mosquito-transmitted diseases. However the efficacy of DEET is problematic due to relatively short and high variance in protection times against Anopheles mosquitoes. However laboratory observations suggest that DEET induces morbidity (“tiredness”) and mortality in Anopheles albimanus and A. quadrimaculatus. These observations led Xue et al (2007) to examine the effects of contact with DEET by A. quadrimaculatus on the blood feeding process and reproduction and survival. They found that “fewer DEET-exposed females attempted to feed and required more time to commence probing, than females exposed only to ethanol. The former group also required less time to ingest a blood meal and matured fewer eggs than ethanol-exposed females” (Xue et al. 2007).

Dennett et al. (2000) studied the effects of different formulations using four different chemicals: 1) methylated soybean oil (MSO) 2) technical-grade Bacillus thuringiensis  var. israelensis (Bti) 3) Golden Bear Oi (R) (GB-1111) and 4) water-based Bti formulation. Different levels of control were achieved with each chemical against 3rd- to 4th-stage A. quadrimaculatus larvae in rice plots. While levels of control were achieved, the authors state that, "None of the formulations exhibited a residual activity adequate enough to control A. quadrimaculatus larvae for up to 5 days." 

Dennett and Meisch (2000) studied Bacillus larvicides effectiveness in controlling A. quadrimaculatus larvae. They found that experimental floating formulations of Bacillus thuringiensis var. israelensis yielded better control than water-dispersible granule formulations containing Bacillus sphaericus. The authors state that, "Detecting and targeting the smaller developmental stages (1st- and 2nd-stage larvae) could increase the effectiveness of the tested compounds against A. quadrimaculatus in Arkansas and other rice-growing regions."
Zhu et al (2008) assessed the toxicities of three chitin synthesis inhibitors (diflubenzuron, nikkomycin Z and polyoxin D)  using second instars of the common malaria mosquito, Anopheles quadrimaculatus Say. Over a 48hour period only diflubenzuron was highly toxic to larvae, resulting in significant (86.7%) larval mortality and reducing the body weight of survivors by 29.1%. Nikkomycin z and polyoxin D did not result in significant larval mortality, although they did reduce body weight of survivors by 20.5 and 33.8% respectively. 86.7% larval mortality with diflubenzuron was achieved at 12.5g/L. Further increase of the concentration did not significantly increase the mortality, suggesting that this concentration is close to the threshold of diflubenzuron to cause larval mortality.. It seems that diflubenzuron acts through affecting chitin synthesis in the cuticle, but not in the peritrophic matrix, “which is probably due to diflubenzuron’s direct contact to mosquito larvae in water, slow distribution in insect body, rapid degradation in the insect gut, or a combination (Zhu et al. 2008).
3.0 BIOLOGICAL CONTROL
Borovsky and Meola (2004) studied the effects of Aea-Trypsin Modulating Oostatic Factor (TMOF) on a number of mosquito larvae, including A. quadrimaculatus. “Trypsin synthesis in mosquitoes is a cyclical event that requires factors that stimulate and repress trypsin biosynthesis”. TMOF is a factor that has been identified which interferes with trypsin biosynthesis. Feeding TMOF to mosquito larvae “inhibited trypsin biosynthesis in the larval gut, stunted larval growth and caused mortality.” The authors conclude that TMOF “has the potential to be used as a new approach for the control of mosquito larvae in the marsh ecosystem” (Borovsky and Meola, 2004). 

Marten et al. (2000) introduced Cyclopoid copepods into rice fields and observed the effects. The authors found that, "It took two months for the introduced copepods to build up their numbers; A. quadrimaculatus larvae then disappeared from all treated plots while larvae continued to be present in the adjacent control field. The authors conclude that, "introducing select species of copepods and encouraging their populations offer possibilities for contributing to Anopheles control in rice fields." 
Rios and Connelly (2008) report that Gambusia affinis fish can be effective at controlling mosquitoes in rice fields. However they are only effective in white rice, and not wild rice because of variations in cultivation and growth, including longer time to maturity in white rice, and wild rice has a much fuller canopy and can grow up to three times as high as white rice (Kramer et al. 1987 in Rios and Connelly, 2008).

4.0 PHYSICAL CONTROL
Kline (1999) evaluated the effectiveness of 2 American Biophysics Corporation mosquito traps, the standard professional (PRO) trap and a new counterflow geometry (CFG) trap. The author found that CFG straps were more effective in the laboratory and in the field at capturing mosquitoes including A. quadrimaculatus (Kline 1999).
A major strategy to reduce mosquito populations, particularly in absence of methods to kill adults, is to reduce breeding sites for larvae. Shiff (2002) reports that in the past, swamps and marshes near Rome and Israel have been drained to limit the population of mosquitoes. This action is not specific to A. quadrimaculatus but is only a general strategy to combat mosquitoes. The author points out, however, that these examples are not necessarily applicable elsewhere. In the United States modifications of mosquito habitat caused by development including habitat degradation, deforestation, flooding restricted the habitat of A. quadrimaculatus. This led to local decline in mosquito numbers and in cases of malaria (Desowitz, 1999 in Shiff, 2002).
5.0 OTHER CONTROL MEASURES
Ahmad et al. (2007) looked at the repellency of ultrasound emitted from a random ultrasonic generating device of two species of mosquitoes, Anopheles quadrimaculatus and A. Gambiae, and German cockroaches. However it was found that ultrasound from the device failed to repel mosquitoes and German cockroaches at the frequency ranges evaluated. The authors conclude that their results confirm previous findings that “ultrasound in general is not a promising tool for repelling mosquitoes and cockroaches” but suggest that future studies combining ultrasound and light should be explored (Ahmad et al. 2007).

