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Introduction
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What is a mosquito?

• Diptera: Two wings

• Family: Culicidae



• Scaled wings

Richard Migneault



Not mosquitoes

Robber fly Midge

Crane fly



Mosquitoes are old

• Oldest fossils: ~30-60 mya

• Probably, older than birds and mammals (70-230 mya)



Mosquitoes are diverse
• 3,500 species of mosquitoes worldwide
• 6,495 species of mammals worldwide
• ~51 mosquitoes in MA

Ae. canadensisAe. albopictus
Ps. feroxAn. quadrimaculatus



Anopheles sergenti
Siwa-oasis, Egypt

Shehata, M., Kenawy, M., Said, S.,  Beier, J., Gwadz, R., and Shaaban, M. (1989). Anopheles sergenti (Theobald) a potential malaria vector in Egypt. Annales de 
parasitologie humaine et comparée. 64. 72-6. 

Günter C. Müller and Yosef Schlein



Ochlerotatus pullatus
2300-3400 m

West, David & Black, W. (1998). Breeding structure of three snow pool Aedes mosquito species in northern Colorado. Heredity. 81 ( Pt 4). 371-80. 



Wyeomyia smithii
Purple pitcher plant (Sarracenia purpurea)

Tom Murray

Tom Murray



But, they all require water!



Eggs

Laid in or near water



Larva
“Wrigglers”
Develop in water



Algae, plankton, fungi, bacteria, and other micro-organisms



Some eat other mosquitoes!



Pupa (active)
“Tumblers”
Also, develop in water



Adult
Emerge from water and lay eggs in/near water





Ever wonder why there are never mosquitoes in Disney?



Basically a swamp



William “Joe” Potter

• Governor of the Panama canal zone
• Engineer
• Knew A LOT about mosquitoes



Food for other animals
• Dragonflies
• Damselflies
• Fish
• Other insects!

Jakob, C. and Poulin, B.. (2016). Indirect effects of mosquito control using Bti on dragonflies and damselflies (Odonata) in the Camargue. Insect Conservation and 
Diversity. 9. 



• Sprayed BTi
• Reduced food (midges)

Jakob, C. and Poulin, B.. (2016). Indirect effects of mosquito control using Bti on dragonflies and damselflies (Odonata) in the Camargue. Insect Conservation and 
Diversity. 9. 



Bats? A bit overstated

Griffin, D.R., Webster, F.A., Michael, C.R., 1960. The echolocation of flying insects by bats. Anim. Behav. 8, 141–154



• Adults are nectar feeders
• Pollinate flowers
• Platanthera obtusata mosquito pollinated plant

Thien, Leonard. (1969). MOSQUITO POLLINATION OF HABENARIA OBTUSATA (ORCHIDACEAE). American Journal of Botany. 56. 232-237.



• Only females feed on blood
• Egg production
• This is where mosquitoes get their reputation!

Guillaume Lacour



Mouthpart modification



• Cannulate blood vessels

• Quick feeders



435, 000 from 
malaria
(bad air)



Eastern Equine Encephalitis

• Rare
• But, very serious



• Not found everywhere in US
• Certain focal locations, like MA



• EEEV starts in Florida
• Moves up to MA

Heberlein-Larson, Lea & Tan, Yi & Stark, Lillian & Cannons, Andrew & Shilts, Meghan & Unnasch, Thomas & Das, Suman. (2019). Complex Epidemiological 
Dynamics of Eastern Equine Encephalitis Virus in Florida. The American Journal of Tropical Medicine and Hygiene. 100.



• Complicated cycle
• Many moving parts



Black-tailed mosquito (Culiseta melanura)
• Underground crypts
• Mainly, Atlantic white cedar swamps
• Very difficult to manage as larvae

Wellfleet, MA

Cs. melanura



Cattail mosquito (Coquillettidia perturbans)
• Univoltine
• Eggs are laid near aquatic vegetation (cattails)
• Also, difficult to manage larvae

John Lynch

Cq. perturbans



Cyclical?
• 3-year cycles
• 2004-2006, 2010-2012, 2019-?



2020 results

www.mass.gov/info-details/massachusetts-arbovirus-update



WNV
• Northern house mosquito (Culex pipiens)
• More widespread than EEEV



• Nasty water
• Degraded habitats



Impact of increased temperatures:
• Reproduction cycles
• Faster extrinsic incubation period (EIP)
• Warm-weather species moving north

(86°F)(68°F)

Culex tarsalis
14 days at 70° F
10 days at 80° F



Different Strategies

Pathogen-vector
• Control animal host populations

Human-pathogen
• Vaccines

Vector-human
• Repellents

Where Do We Go From Here?



• Cover up

• Head nets



• Limit activity to daytime

• Found more often in night and twilight biting mosquitoes



For EEEV, out of 428 pools in 2019:
• 34 pools were day biting mosquitoes
• 394 pools were night/twilight biting mosquitoes
• Note: trapping methods and timing can skew results

Cq. perturbansAe. vexans

Mosquitoresults.com



van Breugel, F., Riffell, J., Fairhall, A., and Dickinson, M. (2015). Mosquitoes Use Vision to Associate Odor Plumes with Thermal Targets. Current biology : 
CB. 25. 10.1016/j.cub.2015.06.046. 

• >10 m: scent (CO2)
• 5-10 m: vision
• >1 m: heat, skin volaties
• If not host, switch back to scent
• Continue until you find a host



Choosing the right repellent



Make sure it’s EPA registered



Look for the active ingredient



• DEET
• Picaridin or Icaridin
• IR3535
• Oil of Lemon Eucalyptus or PMD (p-menthane-3,8-diol)
• 2-undecanone

ACTIVE INGREDIENTS

Schreck et al, 1995; Gardulf et al, 2004; Bissinger et al, 2008; Bissinger et al, 2009; Bissinger and Roe, 2010; Carroll et al 2010; Bissinger et 
al, 2011



DEET – Most common repellent
• 60 years of use (73 in the military)
• ~200 million people annually (WHO estimate)
• >8 billion human applications (2002)

• 4 deaths associated with DEET
• Never confirmed

• Mosquitoes kill 725k-1 million people/year
• Falling coconuts kill 150 people/year

Fradin and Day, 2002; Perkins, 2006; Chen-Hussey, 2014; Kuehn, 2013



Follow the directions



• Dog heartworm (can even be in cats!)

• Proper treatment to protect

Treatments for Cats and Dogs



25(b) exempt (“all natural”)?

• “All natural” does not mean safe or effective
• Often don’t last as long
• Often don’t protect as well
• Contain known allergens (health effects unknown)

Eisen and Dolan, 2016



Citronella candles
• Not acceptable levels of repellency

Mosquito bracelets
• Metofluthrin… worked OK
• Others… zero protection



Mosquitoes are aquatic organisms

Only need as much water as a bottle cap

Bartlett-Healy, Kristen & Healy, Sean & Hamilton, George. (2011). A Model to Predict Evaporation Rates in Habitats Used by Container-
Dwelling Mosquitoes. Journal of medical entomology. 48. 712-6.



Most fly 2 km or less

Mullen and Durden, 2019



Unlu, Isik & Faraji, Ary & Indelicato, Nicholas & Fonseca, Dina. (2014). The hidden world of Asian tiger mosquitoes: Immature Aedes albopictus (Skuse) 
dominate in rainwater corrugated extension spouts. Transactions of the Royal Society of Tropical Medicine and Hygiene. 108.



Risk of mosquito bites related to socio-economic status

Socio-Ecological Mechanisms Supporting High Densities of Aedes albopictus (Diptera: Culicidae) in Baltimore, MD
E. Little, D. Biehler, P. T. Leisnham, R. Jordan, S. Wilson, and S. L. LaDeau





Mosquito sprays

Do they work?



Large scale review on sprays 1944-2018
• Some work!
• Temporary (5 days to 6 weeks)
• Highly variable (0% to >90%)
• Lots of factors to consider!

Stoops, Craig & Qualls, Whitney & Nguyen, Thuy-Vi & Richards, Stephanie. (2019). A Review of Studies Evaluating Insecticide Barrier Treatments for 
Mosquito Control From 1944 to 2018. Environmental Health Insights. 13. 117863021985900..



Remember, we have many different mosquitoes

• Fly at different heights
• Active at different times of day
• Different times of year

Mammal feeding

Bird feeding

VERTICAL STRATIFICATION PREFERENCES OF ADULT FEMALE
MOSQUITOES IN A SYLVAN HABITAT (DIPTERA: CULICIDAE)
Lee Mitchell and C. Lee Rockett



Adult Mosquito Yard Spray

Plymouth County Mosquito Control Project

• FREE
• Up to 8x/season



Free tire recycling
How many tires are here?
4617



Don’t google symptoms and try to diagnose yourself

See a medical professional



http://www.childrenshospital.org/

https://www.cdc.gov/



With the right knowledge and awareness…

Vector-borne diseases are preventable.

Bottom Line



Blake Dinius
Plymouth county extension
bdinius@plymouthcountyma.gov
774-773-3404

Questions?

mailto:bdinius@plymouthcountyma.gov


Agrarian (Edman, 1988)

200k+ populations to sustain some viruses (Anderson and May, 
1979, 1991)

Robin Migration
Kilpatrick AM, Kramer LD, Jones MJ, Marra PP, Daszak P. 2006. West 
Nile virus epidemics in North America are driven by shifts in 
mosquito feeding behavior. PLoS Biol. 4:e82

Mosquitoes



Robin Migration
Kilpatrick AM, Kramer LD, Jones MJ, Marra PP, Daszak P. 2006. West 
Nile virus epidemics in North America are driven by shifts in 
mosquito feeding behavior. PLoS Biol. 4:e82

Mosquitoes



Many are food for other animals
• Bats? A bit overstated (See Griffin et al. 1960)

History of Mosquitoes



Flight distance of mosquitoes (Culicidae): A metadata analysis to 
support the management of barrier zones around rewetted and 
newly constructed wetlands
Piet F.M. Verdonschot , Anna A. Besse-Lototskaya

Mosquitoes

2959 m = 1.8 miles
14043 m = 8.7 miles



Mosquitoes

75 m = 0.046 miles
1670 m = 1.03 miles



Adult Mosquito Yard Spray

A Review of Studies Evaluating Insecticide Barrier Treatments for Mosquito Control From 
1944 to 2018
Stoops et al. 2019



Adult Mosquito Yard Spray

A Review of Studies Evaluating Insecticide Barrier Treatments for Mosquito Control From 
1944 to 2018
Stoops et al. 2019
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1944 to 2018
Stoops et al. 2019
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Adult Mosquito Yard Spray

A Review of Studies Evaluating Insecticide Barrier Treatments for Mosquito Control From 
1944 to 2018
Stoops et al. 2019



Adult Mosquito Yard Spray

A Review of Studies Evaluating Insecticide Barrier Treatments for Mosquito Control From 
1944 to 2018
Stoops et al. 2019



Probing

Cannulating a blood vessel

Feeding



Aerial Spray

Massachusetts Department of Agricultural Resources

What is it?
• Anvil 10 + 10 (Pyrethroid + synergist)
• ~ 1 shot glass of active/8 acres
• Half-life: <24 hours



Aerial Spray



• Born with it (WNV, Dengue, La Crosse)

Picking Up Germs?



• Venereal (La Crosse)

Picking Up Germs?



• Feeding/viremia (Zika, EEE, WNV)

Picking Up Germs?



Amplify in animal-mosquitoes

But, Culex pass to humans, as well

West Nile Virus



Primary vector: Northern house mosquito (Culex pipeins)
• Multivoltine
• Larvae laid in nasty stagnant water – the nastier, the better
• “Rain barrel mosquito”

West Nile Virus

Cx. pipiens



Cyclical?
• Different pattern than EEE

Why here?
• Widespread
• Dirty water

West Nile Virus



Vaccines?

• Not approved for human use
• May not be appropriate (Zika/Dengue)



Mosquitoes

Socio-Ecological Mechanisms Supporting High Densities of Aedes albopictus (Diptera: Culicidae) in Baltimore, MD
E. Little, D. Biehler, P. T. Leisnham, R. Jordan, S. Wilson, and S. L. LaDeau



Mosquitoes are tested all the time.

http://MosquitoResults.com/

• Mosquito “pools” (e.g. 10-60 mosquitoes/pool)
• Mosquito species matters

Is it a Bad Year?

http://mosquitoresults.com/


• Ticks? Very effective
• Mosquitoes? Not as great

Permethrin



Detection

50 m 
(164 ft)

10 m
(33 ft)

1 m 
(3 ft)

• Olfaction
• Vision
• Heat/humidity



Arctic (Toolik Field Station)

Jesse Krause



Eastern treehole mosquito
Ochelerotatus triseriatus

Ilona L.



Asian tiger mosquito (Aedes albopictus)
Tires/man-made structures


