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What is a mosquito?
* Diptera: Two wings

* Family: Culicidae




Scaled wings

Richard Migneault




Not mosquitoes

Robber fly

Crane fly




Mosquitoes are old

* Oldest fossils: ~30-60 mya

* Probably, older than birds and mammals (70-230 mya)
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Mosquitoes are diverse

* 3,500 species of mosquitoes worldwide
* 6,495 species of mammals worldwide

* ~51mosquitoesin MA
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Ae. albopictus




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.
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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)




But, they all require water!




Eggs

L aid in or near water




Larva
"Wrigglers”
Develop in water




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

Culex restuans
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Some eat other mosquitoes!

=

Favor moasquite can kill Aedes (dengue) mosquito?

N, .




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




Adult
Emerge from water and lay eggs in/near water




MOSQUITOES DO NOT SIMPLY

LIVE WITHOUT WATER
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Basically a swamp
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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)
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Fig. 4. Annual trends in mean Odonata abundance (95% CI)
estimated along the transects at Bri-sprayved and control areas

over the 5-year study period according to the nested-anova
designed GLM.

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

WHEN THEY FIND OUT YOU DON'T
EAT TONS OF MOSQUITOES

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

* Thisis where mosquitoes get their reputation!

Guillaume Lacour




Mouthpart modification
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* Cannulate blood vessels

 Quick feeders




WORLD'S
DEADLIEST
ANIMAL

Number of people
killed by animals per year

415,000
Human

1,000
crocudile

300

Hippopotamus | a

100
Elephant

435, 000 from - ’ l
malaria 125,000 ‘ Lion M
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Eastern Equine Encephalitis

* Rare
* But, very serious

3/@ AboNET

Eastern equine encephalitis virus disease cases and deaths reported to CDC
by year and clinical presentation, 2010-2019*

Neuroinvasive disease Non-neuroinvasive disease Total

Cases Deaths Cases Deaths Cases Deaths
Year No. No. (%) MNo. No. (%) No. No. (%)
2010 10 5 (50) 0 0 (0) 10 5 (50)
2011 4 3 (75) 1] 0 (0 4 3 (759)
2012 15 5 (33) 0 0 (0) 15 5 (33)
2013 8 4 (50) 0 0 (0 8 4 (50)
2014 2 2 (25) 1] 0 (0) 2 2 (25)
2015 [ 4 (67) 0 0 (0) B 4 (67)
2016 7 3 (43) 1] 0 (0) 7 3 (43)
2017 5 2 (40) 0 0 (0) 5 2 (40)
2018 B 1 (17) 1] 0 (0 B 1 (17)
2019* 38 19 (50) 0 0 (0) 38 19 (50)
Total 0 0 (0) 107 48 (45)

Source: ArboMNET, Arboviral Diseases Branch, Centers for Disease Control and Prevention
*2019 data are provisional and subject to change




* Not found everywhere in US
e Certain focal locations, like MA

Eastern equine encephalitis virus neuroinvasive disease average annual
incidence by county of residence, 2009-2018

incidence per 100,000
0.01 - .19
0.20 - 0.49

Il >-0.50

Source: ArboMNET, Arboviral Diseases Branch, Centers for Disease Control and Prevention




« EEEV starts in Florida
* Moves up to MA

R B

Panhandle ‘
30- .
29-
North Central
Isolates
g o:
g .
o8- ® e
. o
[ 30

i

South t

88 06 84 &2
Longitude

&0

Ficure 1. Map of Florida with five regions from which the eastem equine encephalitis virus (EEEV) isolates and sentinel chickens were sampled.
The x axis rep! dy axis: latitude. The five regions in Florida are colored and marked in the figure. The darker shading in
each region indicates counbes in the region participating in the sentinel chicken surveillance program during the study period, 2005 to 2016,
whereas the lighter shade indicates no chicken surveillance data were available from those counties. Black dots in each county represent EEEV
isolates and size of the dot represents the total number of isolates. This figure appears in color at www.ajtmh.org.

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

Bridge vector
(Aedes, Coqufﬂertr'dr'a)

Enzootic vector / ‘ ‘ /

(C. melanura)

47 \

Rodents and é
reptiles

Enzootic Epizootic
cycle cycle
/ .

Reservoir hosts

»m

Dead -end hosts

Pheasants
(Feather pecking
transmission)




Black-tailed mosquito (Culiseta melanura)

* Underground crypts
* Mainly, Atlantic white cedar swamps
* Very difficult to manage as larvae

Wellfleet, MA




Cattail mosquito (Coquillettidia perturbans)

* Univoltine

* Eggs are laid near aquatic vegetation (cattails)
* Also, difficult to manage larvae




Cyclical?

* 3-yearcycles

* 2004-2006, 2010-2012, 2019-7

A VICIOUS CY C
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2020 results
Arbovirus results summary

Mosquito samples positive Animals positive Humans positive
WNV 390 O

EEE 65

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




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

Incidence per million

] 01-9.99

10-50.99

. =100 Any WNV Activity




* Nasty water
* Degraded habitats




Impact of increased temperatures:

* Reproduction cycles

* Faster extrinsic incubation period (EIP)
* Warm-weather species moving north

West Nile 15 days S days
EIP

Estimated Potential Range of Aedes albopictus in the United States, 2017

Culex tarsalis
14 days at 70° F Bew i reprockioe

Mosquitoes' ability to

| very unlikety
| unlikety
T kety

P very likely

10 days at 80°F




Where Do We Go From Here?

Different Strategies

Pathogen-vector Pathogen
* Control animal host populations

Human-pathogen
* Vaccines

Vector-human
* Repellents




* Coverup

e Head nets




Limit activity to daytime

Found more often in night and twilight biting mosquitoes




For EEEV, out of 428 pools in 20149:

* 34 pools were day biting mosquitoes

* 394 pools were night/twilight biting mosquitoes

* Note: trapping methods and timing can skew results

COPYRIGHT (©) 2010 ERICK ADAMS

Ae. vexans Cq. perturbans

Mosquitoresults.com
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* >10 m:scent (CO,)

* 5§-10 M: Vvision

* >1m: heat, skin volaties

* If not host, switch back to scent
* Continue until you find a host

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.




Choosing the right repellent
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INSECT REPELLENT REPELL
‘Water Based, Non#
» ‘Repels Black Flies, |
kMosquitoes  Dimieste
O




Make sure it's EPA registered

near heal or opea flame. Keep reated surtaces away from fire or flame anbl dry.
TR s 2 vielation of Federal law 1o use this product in 3
nasner inconsisteat with its labefing, Read aad follow all Sirections and
peecastivas oa this product kabel, Hod coetainer 4 b 6 inches from skin o
clothing and spray. Do ot apply over cuts, wounds, irritated or susbumed
skin, Do not spray in enchesed areas. Use just enough repalient to cover
€xposad siia and/er clothing. Avoid over-application of this product.
Frequeat reapplication and saburation are Lanecessary, Do not aliow chidren
4o handie this produect, Do ot apply to children's hands. When bsisg oa chidren,
2pply % your owa hands aad then putit oa the child, After returing indoors, wash
freatied skin with scap and water, Spread evenly with hands to moisten all epased skin.
TOAPPLY TO FACE: Spray pelm of hand first and then 2pply sparingly 2nd 2veid eyes, Do ot
spray drestly onlo face. Do sot apoly near eyes 2ed mouth. Apply spariagly around ears.
WORKS ON OUTER SURFACES OF CLOTHING: Do ot us2 under clothing. Spray shirts, pants,
socks, and hats. For bicks and chigoers also spray cuffs, socks and around openings in outer
clothing. Wil nat damags cotion, wool or nyfon. Do not apply 0n o¢ near: acelate, rayen,
spandex o obher syntheSies fother thaa nylon), uraiture, piastics, walch crystals, leather
and paiated of vamished surfaces including autemobiles. STTEITIIHIS Y
STORAGE: Store away from heat or Eame in an area indocessible b children, DISPY” .
Noarefiiable container, Before dispasing, emply the coataiasr by usieg the * _auct
according to the ladel. Do et reus? or refill this container, Mace i tras>  offer for
recycling if avaitable. If partially flled: Call your local solid w* ¢ agency or
800-529-3354 for Sisposal instruchons, Never place wused pr —  cown aay indoor
o 0atdoor drain, Questions? Comments? Call B00-558-5252/ ., «c Helen Jobnson.
Seldby. ©2018SC.Jehn ____ 03-2236USA Al rights

teserved, US. Pat 05550 . EPA Reg. No. 46220996 Bt No. 4822-WH1 (A),
83467-MEX-001 (C)Lot s.... ST (T Y

Tumber 1072830

0 ""46500"72925

6




Look for the active ingredient

y y <
WOOoDS

INSECT REPELLENT VII

long lasting

protection

FROM MOSQUITOES, TICKS,
BITING FLIES, GNATS & CHIGGERS

REPELS MOSQUITOES THAT MAY CARRY
ZIKA, DENGUE OR
WEST NILE VIRUS

KEEP OUT OF REACH OF CHILDREN
Wl

9FLOZg6m)




ACTIVE INGREDIENTS

 DEET

* Picaridin or Icaridin

* IR3535

* Oil of Lemon Eucalyptus or PMD (p-menthane-3,8-diol)
* 2-undecanone

AFTIVE InsDeEnIcuY

Picaridin, 1-Methylpropyl-2
(2-hydroxyethyl)- 1-piperidine
C("D(‘lly]:ﬂ“ 200
OTHER INGREDIENTS 80.{

TOTAL

TR AN IMVJUEVIIVAZ TR TR vAmnn

; LTNE INGREDIENT:
3 |N-butyt-N-acetyl]-aminopropionic acid,
% KEl i estee’ 197%
OF OTHER INGREDIENTS: 80.3%

- 00.0%

W e

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

8 FaLunG
| coconuts




Follow the directions

AT E3T OV UPET THTIC. AT UTITCU SUTRIUES IWJ] T T W iaWE Wl o).
TR s 2 vielation of Federal law 1o use this product in 3
natner inconsistest with its [abefing, Read aad follow all Sirections and
peecastivas o this product kabel. Hold coetainer 4 b 6 inches from skin o
clothing and spray. Do ot apply over cuts, wounds, irritated or susbumed
skin, Do not spray in enchised areas. Use just enough repalient to cover
€xposad siia and/er clothing. Avoid over-application of this product.
Frequeat reapplication and saburation are Lanecessary, Do not aliow chidren
1 handi this product. Do sot apply bo childrea’s haeds, When usiag on chidren,
2pply % your owa hands aad then putit oa the child, After returing indoors, wash
freatied skin with scap and water, Spread evenly with hands to moisten all epased skin.
TOAPPLY TO FACE: Spray pelm of hand first and then apply sparingly 2nd aveid eyes. Dondl
spray directly onlo face. Do sot apply near eyes 2ad mouth. Apply spariagly around ears
WORKS ON OUTER SURFACES OF CLOTHING: Do a0t us2 under ciothing. Spray shirts, pants
socks, and hats. For bicks and chigoers also spray cuffs, socks and around openings in oute
clothing. Wil not damags cotion, wool or nyloa. Do not apply on o¢ near: acelate, rayon
spandex o obher syntheSies fother thaa nylon), uraiture, piastics, walch crystals, leather
and painted or vamished surfaces including autemobiles. SIS
STORAGE: Store away from heat or Eame in an area indocessible b children. DISPOSAL:
Noarefifiable container, Befoce dispasing, empty the coataiaer by usieg the product
according to the ladel. Do et reus? or refill this container, Face in trash or offer for
recycling if available. If partially flled: Cail your local solid waste agency or
800-529-3354 for Sisposal instrucBions, Never place uused produst down aay indoor
22 nbdoos Arsia Dusehinne) Pamensale Pall AN CC0.C9C) ar writs Halsa nbnens
SO0 Dy ©ZUT8 S.C. Johnsoa & 508, Inc., Racne, W1 53403-Z235 US.A. All s

reserved, U.S. Pal D555004. EPA Reg. No. 4822-339 EPA Est. No. 4822-W-1 (A),
83467-MEX-001 (C)Lot sulfix (A) or (C) indicates appropriate establishmeal
Y

1072830

0 46500"72925

6




Treatments for Cats and Dogs

Dog heartworm (can even be in cats!)

Proper treatment to protect

) waterproof

|

2-PACK

Kills ticks

CELE LY

small dog

REPELS AND kills
ticks, fleas and mosquitoes

Topical F ionand of Fleas, Ticks,
Biting Flies and Lice for Monthly Use ONLY onDogsand Puppies
7 Weeks of Age and Older and Weighing 4-10 Ibs

Active Ingredients % by Weight
Imidac 880

loprid . B
. A
46. BAYER
X E
*cis/trans ratio: max 55 % () cis R

and min 45 % () trans

EPA Est. No. 11556-DEU-1
EPA Reg.No. 11556-141

KEEP OUT OF REACH OF CHILDREN %,
WARNING USE
See back panel for Precautionary Statements. ON
For Directions for Use, Storage and Disposal, CATS

and First Aid, see package insert inside.

Starts working through contact
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e s e
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BPALE S ¢ e DU ¥
L e e e bl

WRAY OWT O8 L ACE OF O Dl
CAUTION

s (he b e N P e
Tt empets. Far DS At e
Vo inge aad Dngavat 4 il M)
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25(b) exempt (“all natural”)?

* “All natural” does not mean safe or effective

* Often don'tlast as long

* Often don't protect as well

* Contain known allergens (health effects unknown)

WHAT'S INSIDE?

Citronella REPELS INSECTS | ANTIFUNGAL | INHIBITS
BACTERIAL GROWTH

= REPELS INSECTS | REDUCES INFLAMMATION
3 Cedarwood PREVENTS INFECTIONS | RELIEVES ECZEMA

1 \s REDUCES ACHES | HELPS TREAT INFECTIONS
i\,

Lemongrass  REPELSINSECTS | DETOXIFIES THE BODY
HIGH IN VITAMIN E | FULL OF ANTIOXIDANTS
@ Soybean BOOSTS IMMUNITY | ELIMINATES FREE RADICALS

. : REPELS INSECTS | BOOSTS ENERGY
* Peppermlnt COOLS THE SKIN | REDUCES STRESS

1120m) SHAKE WELL (4 fan)
‘W groonerways com

Thyme REPELS INSECTS | INCREASES CIRCULATION
HEALS WOUNDS | BOOSTS IMMUNITY

Eisen and Dolan, 2016




Citronella candles
* Not acceptable levels of repellency

Mosquito bracelets
* Metofluthrin... worked OK
* Others... zero protection

1o
mmmmm
-

e O -
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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.




Mullen and Durden, 2019

Most fly 2 km or less




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
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Mosquito sprays

Do they work?

DON’ L LE T

MOSQUITOES

KEEP YOU INDOORS! %

-
-

Safe & Effective Mosquito Control for
Your Home, Business or Event!

_ RESIDENTIAL | COMMERCIAL

- 10% OFF
Prices as low as .
$35 A SPRAY! | STs0nal mosquito

See back for details. Sow back for detals.




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

Table 1. Vertical distribution of adult mosquitoes collected at the stratification tower. / Ma m mal feed I ng

Location of CDC light trap

Species Giround level 78 m 155 m Totals
Aedes canadensis (13 2 1 112
Ae. sticticas 25 | I 7 H H
Ae. stimulans 475 3 3 483 Blrd feEdmg
Ae. triserigtus 33 1] 2 41
Ae, trivittatus 137 19 @
Ae. vexans Q88 43 28 0549
nopheles punclipennis [ : T 10
A g:.rﬂﬂ!'n'mggufm.:u 1i g 2 I8
Culex erraticus [i] 1 1 2
Cx. p. pipiens 5 97 158 46()
Cx. restuans 0 0 i I
Cx, salingrias 4 2 24 a0
Cx, tarsalis i 3 1 4
1 Ly 1 1
Coguillettidia perturbans 1 1 1 1
Psorophora ferox 3 0 1] 3
Totals 1801 184 434 2419

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




Adult Mosquito Yard Spray
Plymouth County Mosquito Control Project

* FREE
* Up to 8x/season

Plymouth County Mosquito Control Project

Location

Hours: 7:30 am - 2:30 pm 272 South Meadow Rd.
Office: (781) 585-5450 Plymouth, MA 02360
Fax: (781) 582-1276
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Free tire recycling

How many t




Don’t google symptoms and try to diagnose yourself

See a medical professional

*experiences a minor stomach pain*

*Googles symptoms*
Web MD: You already died.
Me:




Symptoms may appear 2-14 days after exposure to the virus. People with these symptoms may
have COVID-19:

« Fever or chills €

+ Cough
» Shortness of breath or difficulty breathing

» Fatigue <

» Muscle or body aches

« Headache <

« MNew loss of taste or smell
« Sore throat
+ Congestion or runny nose

« Nausea or vomiting <

. Diarrhea https://www.cdc.gov/

Symptoms of EEE generally occur four to 10 days after a person has been infected and include:

high fever «¢
headache <
tiredness <

nausea/vomiting <
neck stiffness

The symptoms of encephalitis depend on the part of the brain that is inflamed, the amount of inflammation and
the person’s age and overall health.

Some of the most common symptoms of encephalitis include:

seizures
confusion (disorientation)

coma http://www.childrenshospital.org/




Bottom Line

With the right knowledge and awareness...

Vector-borne diseases are preventable.




Blake Dinius
Plymouth county extension

774777373404

Questions?



mailto:bdinius@plymouthcountyma.gov

Mosquitoes
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:€82




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:€82




History of Mosquitoes

Many are food for other animals

Bats? A bit overstated (See Griffin et al. 1960)

In April, 1958, at the invitation of E. T. Niel-
sen several bats were brought to his 8 ft. < 16 f1.
flight chamber at Vero Beach, Flonda, which
contained initially about 2,000 mosquitos (Culex
guinguefaciatus). Several Myvotis lucifugus, one
M. subulatus, one M. subulatus leibii, two
Pipistrellus subflavus, and two Plecorus rafinesquii
were set free mn this room for 10-15 minutes
at a time, and certain of the Myors hunted
actively. These were left in the chamber over-
night, and in the mormng the mosquito popu-
lation had fallen to roughly 200-300. Although
none of the Pipistrellus or Plecotus was ever
observed to hunt actively, a few of the Myoris
were so successful that we could estimate the
rate of insect capture not only by counting
audible buzzes, but also by measuring the rate at
which the bats gained weight (See Table I).




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

Table 3

Mumber of species per Culicidae genus, distributed over flight capacity classes based on the maximum flight distance reported.

Genus Mo. of species Mo. of ohservations Average maximum distance (m) Mumber of flyers
Wery weak Weak bloderate Good Strong

Asdes’ 24 104 2959 7 1 1 3 9
Ochierotatus q 23 Ta31 1 1 1 G
Anopheles 46 144 3490 3 11 & 13 13
Coquillettidia 5 11 227 1 3

Culisera 3 3 14,043 3
Culex 13 58 5014 1 2 7 3
Peorophora 5 9 4256 2 1 2

4 Except Aedes cantator and Ae. sollicitans with a maximum of 48.3 km.
* Except Ochlerotaius taeniorfyynchus with a maximum of 32.0 km.
¢ Except Anopheles freeborni with a maximum of 35.0km.

2959 m = 1.8 miles
14043 m = 8.7 miles




e Mosquitoes

Awverage flight distance (m) based on mark-recapture experiments.

Taxon Number Average D

Genus Aedes 30 B9.0 5001

e aegypii 23 834 522

Ae. africanus 1 5000

Ae. albopichus 1 75.0

Ae. melaniman 1 121.0 .

Ae. notoscripius 3 13001 431 r ' I - 6 r ' I |

Ae. vexans 1 113.6 75 O-O[I. I es

Genus Ochleronas

156.0 6.8 1670 m = 103 mI|ES

Oc. communis 2

Genus Anopheles 18 541.9 3818
An alhimanus 3 576.5 1256
An. crucians 1 45000

An. culicifacies 2 2341 2346
An. funesrus 1 300.0

An. gambige 4 B45.3 396.7
An. moculatus 1 420.0

A minims 1 1249.0

An. pharoensis 1 1087.0

An stephensi 3 144.5 53.0
An. subpictus 1 24.4

Genus Culiseta 2 4500 7071
s, melanura 1 4000

Cs. morsitans 1 5000

Genus Culex?

Cx. annulirostris 5 6220.0 1775.4
Genus Culex? 17 B09.5 437.0
Cx. erraricus 1 7300

Cx. migripaipus 1 850.0

Cx. pipiens fatigans 1 475.0

Cx. pipiens pallens 1 4020

Cx. gquinguefasciarus 7 T67.6 5604
Cx. salinarius 1 7600

Cx. tavsalis 3 544.6 34749
Cx. triteeniorfynchus 2 684 4.9
Genus Mansonia 4 457.5 568.3
Mo, annulata 1 65.0

Ma. Indiana 1 2750

Ma. dtillans 1 130000

Mo uniformis 1 190.0

Genus Coquillertidia

(q. pertuberans 1 167000

Genus Psorophora 2 3175 4207
Ps. columbiae 1 200

Ps. confinnis/Ps. discolor 1 6150

4 Only a portion of the species within this genus.
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ACTIVE
INGREDIENT

Pyrath Lirm

ooT

ooT

DOT salution

DOT sugpansion

ooT

DOT with gy léns,
armulsifiar, and
ragn

ooT

DOT and
arrulsifiar

ooT

BHC

BHC

Muathoeyalor

Lirdaris

K rasana
Piperory|
cysheanana

Fusl ail

DCust

Fual ail

Tala

Vil
Fiparony
ayalbhazenana

Fual ail

Wil

Wil

Wiar

Rlasin

Tritan X-156
Hylana

Kinr o are
Fiparony
oyalhaxanana

Triton X-166
Hlara

Wil

Wil

MOSQUMD 5P ECIES

EVALLIATED

Aades manarymohus

A soleitans
Paorpohore Spp

A b rice by rehus
Ad rololans

MA@ faanorhyng hus
Ag solicians

A taanio iy nofiug
Aa soNeilans
Pacvaphora Spp

A taanio iy nohius
Aa soleitans

Ancp files
oL i e L

Al SOV NS
Aw fRohi
Aa havadardus

Faorgphora confinnig

Pg aigoolor

A b rice by rehus
Ad rololans

A taariorty rehus
As soiVolans
Paoraphora spp.

A i by rehus
An pololans

Aw sfmulans
Al BUOEE
Ad vaxang

MA@ COTNTIITNG
An Hohi
Ad haxadanus

METHOD OF
APPLICATION

Carrp masion
PPy

Comprission
Sprayar

Hand rotary dust
BTy BTE

Campmssion
Sprayar

Compmssion
Sprayar

Uriknow n

Comprsssion
Sprenar
Migl blowar

Airplana

CE-I'r'IprE-EEiIZ‘I'I
sprir

Comprassion
Sprayar

CIZ‘-I'I"IPr&EEiI’J'I
sprar

Battery-oparatsd
purnp

CIZ‘-I'I"IPr&SSiI’J'I
sprayar
Mizl bloar

METHODOF
ASEEEEMENT

Landing saunt

Lardirg asurt

Landing saunt

Landirg count

Lol b sy

Mlark, raleasse, nsoaplurs

Landing aournls

Meww Jarsey light raps

Lardirg aourls

Landirg aount

Landing aourls

Lial bioas say

Landing aournls

Adult Mosquito Yard Spray

A Review of Studies Evaluating Insecticide Barrier Treatments for Mosquito Control From

23% reduction al 53d postirearrant

BERC-BER reduation 48-T2 h pos! teatm st

100% mdusion aldh pestapplioation

1% reduction at 53d post treatmant

G meduction 53 d past trealrman

BE% mortality at 46 d post reatmart

0.12% of mosquiloss reda plured within B k
post tmatmant

BER 1005 aonirol al 46d post freatm e

Mo satisfactory cortml

B-B k ol oirol

2685 reduction al B3d postireatmsnt

0-2wk oo ontrol

Femorality at 19d post treal man

B AR reduation a1 42 d

REFEREMCE

Madden el o™

Maddan &l ak

Madden at d®

Miadden ot &

Madden at &

Ludyik!®

Haltman and
Lirndouistt

Quudr bamn an at alt

Bidlirgmayar and
Sehoaf

Madden & al

Bidlingmagar and
Sehooh?

Hals on and
Surphorer

Hatmian and
Lindgquist®




A Review of Studies Evaluating Insecticide Barrier Treatments for Mosquito Control From

1944 to 2018

Stoops et al. 2019

ACTIVE
MGREDIENT

Lirdana

Dialdrin

Chlarpyrifos

kdatardos

Malathian

Malahion

Camaryd

Parmmatiin
[E5%)
Parrmathirin
1 26%)

Parmthrin

Parmsthrin

Parmethrin and
PEC

Pammatiin PEO

Dasliamathrin

ASEOCIATED
PRODUCT ANDY

OR MIXTURE

Triten X-168
Mylara

Tiiton ¥-156
Mylgne

WWiiar

‘Wabar

Wi alisr

W alisr

Wl

Mineral ail

Adult Mosquito Yard Spray

MOSQLIMD 5P ECIEE
EVAL LIKTED

A tnaniorly rhus
Ad mololeng

Ao taamorhy nohus
Ad soiort ans

An afin wans
Ad audas
LTy

Ad smulans
As audlas
Al i ang

Aa lmarorhynohus
Ad solort ang

Aw st wans
Aa audas
Ag ans
Ao smulans
Ag audas

Al i a0 E

Mulfple spacias

Aw taariorty rehus
An folelang

Ag Smulans

AR BLORE

Ad vaxans

Aa slhopietus
Gx Quin guiddas ofg g

Cx guingualassialus

An albimanus

METHOD OF
APPLICATION

CDI’I"IPr&-SSiI:I'I
sprar

Cammp masion
Spray s

Battary-oparatad
PUITD SPraYar

Balta ry-oparatad
PLITIE & prayer

Buttala Turbina
migl blvasr

Battary-operatsd
purrp

Batta ry-oparaiad
pUmp

Cormpmssad aif
Bprayer

Butale Turlbirs
st Bl wie

Balteny-oparalsd
purmp

FLFlow rias tisr
02EHD0

Tt XL
e ke k
sprayar

Asrial Miaromist
200 Spray
Syelam

METHODOF
ASSEESMENT

Landirg counts

Landing sount

Ll bioes sy

Laad bio assay

Hurman landing cours

Lol biges say

Liv i b sy

Hurnan landing oaurls

Human larding sourt s

Liaf bicas sigy

Lisaf bisas sy

Laad bio assay

Light traps

O-2wk of g ontrel

0-2wk alaantrol

5.7% mortality at 19d post Eréatmant

0 5% mardity al15d post raalren

Cantrd for8d past trealrrent

B.6% mortaity at 16 d post rea mant

G0 martality a1 12d post rearnant

Signifizant dilarences balwean freaied ve
urireaied plois 2 d pos| ireatmen

Cortrd lor Bd pos! tréal mant

T morlality al 35 d post i eatmsnt

4.7 3wk pogl treaimen [pooled & pesisg)

0% santral up B 3wk past traaknant

Cortrd lor Bd post real ment

REFERBEMCE
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Hdgon and
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Héson and
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Hagon and
Surgscnerts

Anders on el al's

Hals on and
Surpaonert
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ACTIVE
MGRE DIENT

Dislta mathirin

Daltamathrin

Daltarmathirin

Daltarrathin

Daltarnathirin

Dahamethiin

Bitartbrin

Bilwrt Frir

Eifartbrin

Bitartbrin

ASBOCIATED
PRODUCT ANDY

OR MITLURE

Walisr

Waar

Wiiar

WWiiar

Waler

Widalisr

Walisi

Waar

WWiiar

Adult Mosquito Yard Spray

A Review of Studies Evaluating Insecticide Barrier Treatments for Mosquito Control From

MOS0UMD SPECIES
EVALLKTED

A sbopictys
Pg colmb e

Aw abpiols
G quingualassialus

A abopiog

An aboplehis

Aw abpioius

A sbopicts

A &t epickis
G pipiens

1B ok quils spediss

Fiald mosquito
popuaions

As vighax

METHOD OF
APPLICATION

B kpao k migl
bilewars

AL Fliw it bar
W026HD

STIHL &R 200

Hand
GOMpression
Solod2d
backp ack
sprayar

Harnd

GAFD MESEian
Solo 423
baskpack
Sprayar

ToOmL spray
brot Hs

ETIHL &R 420

Modifiad
prassure washar
uging Tasjai
nczzl es

Elo ros batic
applicatans

GOOL truck
Mewirad quick
spry Uil with a
armm T400 noezla

METHODOF
ASSESEMENT

COC light traps baited
with 00
Hack ovipasilion sups

Laal bicasssy

Leaf bicies sy

Lt bvi o s sty

Livaf bices say

Lesad bisas say

Human larding aournt s
Swaap ok

Chitiaps

COC gravid traps
COC light raps with

G

ABC light raps

Encaphalitis virs
surwdllansa lraps

Light traps
Hurrian landing saunis

Appliaations every 21 d1or 23wk 8 uppres sed
acult megouito popuations, but degres of
aflack dapandad on spacias and frma of
yiar,

08, E% 3wk post raatment (poolid spacias)

BOrmir axposum = TR for 10wk
Grninaxpasum 8lrmin knadodawn-< 40% up
o week B

Ma riality for 5 d posl naairman

Mortality for 12 d post treatrmant

>8R control upto dwk post treatmant

Cortra of Ass'bopicius Tor up 1o Bwk; no
contral for Cxp b s

B redis ficn in mcs quile abundars s

Control up to 28 d

Cortrd up to 8w post resmart
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Righards @ al'a

Cilak and
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MeMillan ot @

Bangoa aial ™

Bangoa at ak?

Cuals &l aF!

Troul o aFs

Clskss

Eriloh o a4

Hurst ot @l
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ACTIVE
MGREDIENT

Bileritrin

Eifartkrin

Bitanthrin

Eifartkrin

Bitanthrin

Bitarihiin

Bifartkrin

Bitanthrin

Eifartkrin

Bitarihiin

Bitanthrin

ABBOCINTED
PRODUCT AN DA
OR MIXTURE

Walar

Wistar

Walar

Wiaar

Walar

Walar

Wiatar

Walar

Wiaar

Walar

Walar

Adult Mosquito Yard Spray

A Review of Studies Evaluating Insecticide Barrier Treatments for Mosquito Control From

MOSQUITO SPECIES

EVAL LIATED

Aw sfartics
An irfirmaug
P& colurmibisd

A taerioy nohug
Aa saloilans

Ag aflarticus

Ap irfirmaug

Cx nigfpalpus
Culisala mearLrs
Pg oolumb e

Aa spp.
Cir 8pp

An spp.
s spp.

Flaodwaer mosquitoas

An albopietus

An sl apichs
Fs columbias

An abopiois

An albopietus

A abpions

¥ quingualassialus

A sagypti

Cx larsais

METHOD OF
APPLICATION

Flo-jai pum paith
@ 40F Rat fan
AEzls

Hand

GO s sian
sprier and
fi-jat pump with
a 40" flal fan
izl

Backpack rrist
blowar

3WC -30-4P
Arrafican Lang
Ray, noval

Sprayar
STIHLSR 420

Backp ack rrist
blowers

STIHL &R 420

Coarrp mesion
Sprayer

Modified
prEsEund washar
fitted with T eajet
roeE e

STIHLSR 420

STIHLSR 420

METHOD OF
ASSESEMENT

COC light raps baied

with actanal

Hurnan larding couris
CDC light traps baitad

with 20,

Mo Uit Magrat X trap

wit GO,

CO-baiied iraps

GOy -bailed BG Santinel

traps
Larval sursaillanca

COC light raps

BG Saninal traps baitad

with BG-lures

Black ovipasition oups

CDC light traps baitad

with CO,

Black o position oups

Loaf bioassay

Lo afbiogs sy

Lal bl o sy

Liaalbioassay

Lo afbiogs sy

FINDING

Conirol up to Bwk posl ireatmen

RAeperdless of site or collastion matkods,
oaniral upie 3wk posiappicaiion

5a4%-T4% raducion ovar iha 18wk posi
trealmen pariod

Mear redustion of 77% up b 4wk post
traatrrant

Significan! mdusion in aggs and adullsup o
4wk post ireatmen

Applicaions avary 21d for 23 wk supp ressad
achili mos quite populations; bul degnee of
affacts dopendad on spacias and imea of

yaar,
B0f%-B0F mortality ower Bwk

TT% rrartality up 1o 354 past freatren|

=700 soniral aldwk poast traalrmeni

TOR% (wee rrerlle) and 40% knoskdawn
inzalas) 4 wh following reameant

=B0% reduation far 28d
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ACTIVE ASEDCIATED

INGRE DIE NT PRODUCT ANDY
OR MIXTURE

Bifartkrin Witar

Bitarihin Walar

Eifartkrin Wiar

Bifartkrin Wiar

Larmbda- Wiar

ayhalatiin

Larbda- Wiar

ayhalatin

Larmbda- Witar

eyhalahiin

Larrbd a- Wl r

ay ralothirin

Larmbda- Witar

ayhalahiin

Larbda- Wiar

ayhalatin

Larrbda- Waer

ey ralethiin

Cyparrnathirin Wiar

Talarmatin

PBO

Adult Mosquito Yard Spray

A Review of Studies Evaluating Insecticide Barrier Treatments for Mosquito Control From

MOS0UITD SPECIES
EVALLUATED

A abooichis

A abopietus

Awabmicius

A angyoli

An abplous
Cix pipdarns

Cx pipiers

A abooichis

Warralina sp.

A abooichis

A abopichis

A abopicts

A abooichs

MNETHOD OF
APPLICATION

STIHL 200

T00 L sp ray
boitle

TO0 L spray
balta

WG -30-4F
Arnarican Long
Ray Sprayer

STHL SR 420

Powar sprapar

Marumaya
MOE026
b kpac k
Spraar

STIHLSR 420

STHL SR 420

STHL SR 200

T00 L sp riy
Bl

Elita 145300
SprayTaanm
Maahirss
Tartaruga 30053

NETHOD OF
ASSESSMENT

Laveal bvicyiies sy

Laal bioas sy
Ll bricses sary

Lavaal bvicies sy

Hurnan larding courts
Swaap N

Cvitraps

COC gradd traps
COC light fraps with
co,

CO.-baitad raps
Grawid traps

Hurman larding
Fala

Seaap nal
Laviaf bvic s sy

LaviaF biciaes sy

Loal bioos sy

Hurnan larding courts

FIMDIMG

=00% knackdawn B) min axpoasun ki 2wk
Eminexposurd B0min knoakdown = BIGE for
2wk

=B reductionup o 4wk post trealment

=30 rdudlionup 10 4wk pos! traalrman

B9 mortality at 2.7 m
G1% marality a5 5m

Cortral of Aeglbopions for up o Gwk, no
radugtion af Cx pighens

Bwk rvduction inCx pipfns in ree canopies

BE% raduction 24 h aftar applicationd 5%
raduation ater Swk

AT%-100% reduction farup fo 9wk post
trevat msnt

40P -G0% mortaity owvar Bwk

BOmMif @xpodiim

=80% up o 8wk

Eminexposure BOmin knoskdown = TB%10
Bwk

=00 aonirel uplo dwk post ireatmsn

Cartral up ta 14d post rasmiant
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ACTIVE
INGREDIENT

Etcfenpros
Tatarmahinin
PBO

Pyrip oxyian
Pyripromy lan ard
Larmbda-

ay alethrin
Pyripmxyfan

d-prana trin and
FEBED
Rasmsthrin

Cyfuthrin

Bl a-ayfl i brin

Hobravi ations: BHE, B hasmchio reoyclohecans; G0, Ganbens for Diseass Control and Fravention; DO, dichior odphenyit chi orost hare; EC, smul sifl able concentrabe; FEO, pparony bubod da,

ABBOCIATED
PRODUCT ANLY
OR MIXTURE

Wdaler

W alir

Wiar

L

Adult Mosquito Yard Spray

A Review of Studies Evaluating Insecticide Barrier Treatments for Mosquito Control From

MOBOUITD SPECIEE
EVALUATED

A abopicius

As abopicbis

A abopicius

Cx quirgruedascialus

Ci gunirpusdasciatus

Aw ab cpiohs

Mg sibopicts

METHOD OF
APPLICATION

Elite 145300
SprayTaanm
Mazhirs
Tartaruga 3005

STIHLSR 420

STIHL SR 420

Teister XL
batkpack

S rEpa T
Twistiar XL
backpack
BT

TOO L sprey
baila

TOOmL spray
bt

METHOD OF
ABSEBSMENT

Human larding courts

BGES trap baied wih BG
Lire

BGE rap baitad with BG
lura

Livt] bicas sy

Liv! bloas sy

Lol bioassay

Liva! bioas sy

FINDIN G

Contrd up to 14d post reament

=T0RE aontral up to 4wk post ireatmen

Mo decrissa in As albopicius

B gontrol up 1o 1wk post tréatm ent

B0 aoniial up 1o 1wk post irsatm et

=000 cantral upto dwk post trestrmant

=B0f% control upto 4wk post breatmant
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Feeding

Probing

Cannulating a blood vessel




Aerial Spray

Massachusetts Department of Agricultural Resources

What is it?

* Anvil 10 + 10 (Pyrethroid + synergist)
* ~1shot glass of active/8 acres

» Half-life: <24 hours




Google

Aerial Spray

(=
0

Final Report on Aerial Mosquito Control Spray Operation

WWW.mass.gov » files » documents > 2018/11/14 » ror

important public notice - Mass.gov

Mov 14, 2018 - emergency mosguito control operations that relate to public relations. ...
govieealagencies/agr/pesticides/mosquito/annual-operation-reports _html ... Responds to all
reports of potential fish kills following an aerial spray or other.

0201.nccdn.net » 2012-eee-aerial-spray-summary-1-23-13 » rFoF

Department of Agricultural Resources - nccdn.net

by CGC Watson - Related articles

Jul 30, 2012 - Final Summary Report on Aerial Mosquito Control Spray Operation, July 20-
23, 2012 and August 13-14, 2012. Page 2 of 69. At the behest of ...

You've visited this page 2 times. Last visit: 1/29/20

0201 .nccdn.net » 2010-eeev-aerial-spray-summary + =os

Department of Agricultural Resources - nccdn.net

Dec 1, 2010 - Final Report on Aerial Mosquito Control Spray Operation, August 5-7, 2010,
Page 2 of 17. Description of Aerial Mosquite Control Spray ...




Picking Up Germs?

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

Maybe she's
born with it




Venereal (La Crosse)

Picking Up Germs?




Picking Up Germs?
Feeding/viremia (Zika, EEE, WNV)

i
¥
%

Muhammad Mahdi Karim / GNU Free Documentation License. / MGN '




West Nile Virus

Amplify in animal-mosquitoes

But, Culex pass to humans, as well

Disease Transmission Cycle of West Nile Virus

L _ o O
N

Incidental Hosts

Enzootic Cycle

Reservoir Host: Vector: 3
Birds Mosquitoes ‘a

4

Horses
West Nile Virus is an arboviral, or vectorborne, disease that affects many bird species with corvids being most severely affected. WNV is
transmitted by several species of mosquito, especially Culex species. The virus is picked up from infected hosts by mosquitoes during a
blood meal. The mosquitoes go on to infect other hosts, thus continuing the enzootic cycle. Mammals, including horses and humans, are
incidental (dead-end) hosts. Although they may develop clinical signs, the majority of infected individuals are asymptomatic and they do not
contribute to the disease cycle because mosquitoes cannot pick up the virus from infected mammals.




West Nile Virus

Primary vector: Northern house mosquito (Culex pipeins)

* Multivoltine
* Larvae laid in nasty stagnant water —the nastier, the better

* "“Rain barrel mosquito”

Cx. pipiens




West Nile Virus

Cyclical?
» Different pattern than EEE

Why here?
* Widespread
* Dirty water

Incidence per million

®  orese ® wwn @ w0 Any WNY Activity




Vaccines?

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




Mosquitoes
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Socio-Ecological Mechanisms Supporting High Densities of Aedes albopictus (Diptera: Culicidae) in Baltimore, MD
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Is it a Bad Year?

Mosquitoes are tested all the time.

2019 Massachusetts Arbovirus Daily Update

Killing frosts have occurred in all communities ending the threat of mosquito-borne disease transmission in Massachusetts. MDPH will conduct early
season surveillance activities to assess the risk of WNV and EEE in 2020.

Mosquito Samples Positive Animals Positive

WNV 87 0 5

EEE Virus 428 9 12

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

Barnstable Falmouth 8M13/2019 Culiseta melanura EEE
Barnstable Truro 8/22/2019 Coquillettidia perturbans EEE



http://mosquitoresults.com/

Permethrin

* Ticks? Very effective
* Mosquitoes? Not as great




e Qlfaction
 Vision
* Heat/humidity

Detection




Arctic (Toolik Field Station)




Eastern treehole mosquito
Ochelerotatus triseriatus

llona L.




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




