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Urban	decay	leads	to	more	
mosquito	habitat	&	adult	exposure	

Mosquito	pesClence	leads	to	
reduced	use,	valuaCon,	and	care	

of	outdoor	environment	

Urban	disameni5es	and	pests	in	Bal5more,	MD	



Talk	Outline	

•  Background	on	urban	mosquitoes	and	disease	
risk	

•  Synthesis	of	mosquito	abundance	data	from	
BalCmore,	Maryland	

•  Effects	of	container	condiCon	on	compeCCon	
of	Ae.	albopictus	on	Cx.	pipiens	



  
For	mosquito-borne	disease,	risk	is	related	to	how	likely	a	
mosquito	is	to	pick	up	a	new	infecCon	and	pass	it	on:	



  

This	is	a	func5on	of	density,	survival,	and	
bi5ng	behavior…		

In	mosquito-borne	disease,	risk	is	related	to	how	likely	a	
mosquito	is	to	pick	up	a	new	infecCon	and	pass	it	on:	



Vectorial	Capacity	
(infec5ve	bites/person/day)	

																		 	m	a2	pn	b		
						 					V	=		-----------------		
																			 				-ln(p)	
	
m	=	biCng	♀♀/person	(density)	
a	=	proporCon	♀♀	biCng/cycle	(biCng	rate)	
p	=	daily	♀	survival	
b	=	vector	competence	(probability	infecCon	given	an	infecCous	meal)	
n	=	extrinsic	incubaCon	period	(days	bet.	infecCon	&	transmission	capability)		



Changes	in	mosquito	density	(m),	biCng	rate	(a)	and	
survival	(p)	influence	RISK	in	predictable	ways:		

m	 a	 p	Baseline	

Vectorial	capacity,	V	

x2	

Low	vector	survival	
(when	m	&	a	doubled,	but	p	halved)	
	

Doubled	rates	
(when	m,	a,	&	p	doubled	at	same	;me)	



m	 a	 p	Baseline	

Vectorial	capacity,	V	

x2	

Low	vector	survival	
(when	m	&	a	doubled,	but	p	halved)	
	

Doubled	rates	
(when	m,	a,	&	p	doubled	at	same	;me)	

Control	and	management	historically	focused	on	reducing	
individual	mosquito	survival	(adul5cide).		



m	 a	 p	Baseline	

Vectorial	capacity,	V	

x2	

Low	vector	survival	
(when	m	&	a	doubled,	but	p	halved)	

	

Doubled	rates	
(when	m,	a,	&	p	doubled	at	same	;me)	

Control	and	management	post	DDT	is	
oaen	focused	on	limi5ng	densi5es		

(larval	control).		

BioraConal	larvicides		
Source	reducCon		
Biological	control	



Resident-based	container	management	is	important	

•  Container	habitats	difficult	to	access	and	manage	
o  Numerous,	crypCc,	private	land	

•  Larviciding	impracCcal	
	
	

Mosquitoes	in	urban	landscapes	



Mosquito	Invasions	in	Eastern	North	America	

•  Prominent	diasporas	since	15th	C.	
–  Culex	pipiens	complex	(400	years	ago)	
–  Aedes	aegyp;	(200	years	ago)	
–  Aedes	albopictus	(mid-1980s)	
–  Aedes	japonicus	(late-1990s)	

C.	pipiens	

A.	albopictus	

A.	aegyp;	

A.	japonicus	



Medical	Importance	

West	Nile	virus	

Cx.	pipiens	 A.	albopictus	
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cases	in	the	

northeastern	regions	

ArboNET,	Arboviral	Diseases	Branch,	CDC	

A.	japonicus	



Medical	Importance	

Zika	virus		

•  “…one	of	every	two	infec5ous	travelers	arriving	at	peak	mosquito	season	could	ini5ate	local	
transmission	and	>	10%	of	the	introduc5ons	could	generate	a	disease	outbreak	of	at	least	
100	people.”		

•  “Despite	Ae.	albopictus	propensity	for	biCng	non-human	vertebrates,	we	also	demonstrate	
that	local	virus	transmission	and	human	outbreaks	may	occur	when	vectors	feed	from	
humans	even	just	40%	of	the	5me.”	

Aedes	

•  1533	total	travel	associated	cases;	0	locally-acquired	cases	(CDC)	



Bal5more,	Maryland	

median	household	income		
City:	$41,385	

High	

Low	

Median	

Culex	pipiens	

Dominant	species	

A.	albopictus	



Field	Samples	

Grass	lot	

HIGH	

LOW	





Do	trash	containers	in	low	SES	neighborhoods	support	
greater	Ae.	albopictus	produc5on	
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	Adults	at	24	sites	on	12	blocks	(BGS	traps)	
	Eggs	at	24	sites	on	12	blocks	(ovitraps)	
	Larvae	on	~1400	parcels	(33	blocks)	
	KAP	surveys	of	~700	households	(33	blocks)	
	3	sampling	periods	per	year	
	
	
	

Field	Sampling	(2013-2015)	

Block	
Parcels	



3X	fewer	in	Low	
Income	
	
	

Ae. albopictus Low	Income	(High	
Abandonment)	
Median	
High	

Adult	female	abundances	(2013)	
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all	SES	levels	

Error	bars	demonstrate	
block-to-block	variability	
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Cx.	pipens	

Ae.	albopictus	

Trash	containers	per	yard	
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Larvae	(2013):	Yard-scale	

Ae.	albopictus	abundances	
associated	with	trash	containers	
	
More	trash	containers	in	Low	&	
Median	income		
	
Similar	trends	for	pupae	
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Trends	similar	for	both	species	
but	stronger	for	Ae.	albopictus	

	
	

Trends	at	block	scale	



pupae	

larvae	

larvae	

rain	

adults	

pupae	

pupae	

larvae	

larvae	

rain	

adults	

pupae	

NS	

MEDIAN	

larvae	

rain	

NS	

pupae	

larvae	

adults	

pupae	

Low	Income	 Low	Income	



Human	behavior	plays	an	important	role	in	defining	
spaCal	heterogeneity	in	Ae.	albopictus	producCon	
	
Weather	condiCons	interact	with	human	behavior	in	
different	ways	across	SES	boundaries	
	
Ae.	albopictus	disproporConately	uClizes	trash	
habitats	which	are	regulated	by	rainfall	
	
Median	income	blocks	may	support	high	Ae.	
albopictus	under	wet	and	dry	rainfall	condiCons	

Conclusions	
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Cx.	pipens	

Ae.	albopictus	

Trash	containers	per	yard	
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Ae.	albopictus	abundances	
associated	with	trash	containers	
	
More	trash	containers	in	Low	&	
Median	income		
	
Similar	trends	for	pupae	



Cx.	pipiens	

Containers	and	mosquito	species	vary	by	SES	status	



Compe55on	among	container	mosquito	
•  Resources	limited	(detritus,	FPOM	&	microbes)	

•  Ephemeral	&	lack	vertebrate	predators	

•  Well	documented	effects	of	compeCCon	in	structuring	
communiCes	(reviewed	by	Juliano	2009)	

	



Ae.	albopictus	vs.	Cx.	pipiens	
•  CompeCCvely	superior	to	Cx.	pipiens	

–  Costanzo	et	al.,	2011;	Costanzo	et	al.	2005;	Carrieri	et	al.	2003	

•  Liple	research	tesCng	compeCCon	using	resource	
condiCons	and	densiCes	typical	of	different	types	of	
urban	containers	

	
Do	func5onal/structural	containers	relax	compe55ve	
impacts	of	Ae.	albopictus	on	Cx.	pipiens	and	promote	

Cx.	pipens	persistence?		
	

Aedes	albopictus		

Culex	pipiens	



Research	Hypotheses	

•  Interspecific	compeCCon	is	important	in	condiCons	
typical	to	what	Ae.	albopictus	and	Cx.	pipiens	interact	
in	urban	containers	

•  Persistence	of	Cx.	pipiens	in	some	container	types	
occurs	because	contents	alter	the	outcome	of	
compeCCon	

Kris	Aus5n	



Testable	Predic5ons	

•  Cx.	pipiens	and	Ae.	albopictus	co-occur	in	field	
habitats	&	proporCon	larvae	that	are	Cx.	pipiens	
vary	among	container	types	

•  CompeCCon	among	larvae	detectable	at	
densiCes	observed	in	the	field	

•  CompeCCon	varies	among	aquaCc	condiCons	
found	in	different	container	types	



•  Sampled	containers	in	
three	periods	in	2015:	
–  May,	July-Aug.,	Sept.	

Ø  608	containers	

Ø  Mean	density:	0.33	larva	
per	mL		
Ø  Baseline	field	density	

Methods:	Field	Data	

High	

Low	

Median	



Methods:	Field	Survey	
•  3	most	common	trash	&	funcConal/structural	

container	types	

•  Calculate	proporCon	containers	with	mixed	species	
&	proporCon	total	larvae	that	are	Cx.	pipiens	

PlasCc	trash	 Styrofoam	
trash	

Trash	can	 Fence	pole	Dumped	Cre	 Bucket	

Trash	 Func5onal/Structural	



Methods:	Compe55on	Trial	
Late	May	2016:	~300	mL	homogenized	sample	from	

four	randomly	selected	containers	from	each	
container	type	(24	total	containers)	

106-µm	sieved	to	
remove	larvae	and	

large	detritus	

REDUCED:	15	Cx.	pipiens		

CONTROL:	15	Cx.	pipiens	+	15	Ae.	albopictus	
	Baseline	field	density		

	
INCREASED:	15	Cx.	pipiens	+	30	Ae.	albopictus		

Divided	sample	into	three	
90	mL	microcosms	

Applied	one	of	three	density	treatments	to	each	
microcosm	from	each	container	



Methods:	Compe55on	Trial	

•  72	total	microcosms	(6	types	x	3	density	
treatments	X	4	reps)	

•  Incubator	set	at	24˚C	@	18:10	L:D	
–  Isolate	effects	from	container	contents	

•  ProporCon	survival	and	development	Cme	
of	Cx.	pipiens	aaer	6	days	

•  Data	analyzed	with	linear	mixed	models		

Pilot	trial	conducted	in	2015.	Results	not	shown	
for	brevity	



Results:	Field	Survey	
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Co-occurrence	 Bucket	

Fence	pole	

Trash	can	

PlasCc	trash	

Dumped	Cre	

Styrofoam	
trash	

Co-occurrence	was	
common	within	2/3	trash	
and	2/3	funcConal	
container	types	

Milder	decreases	of	Cx.	
pipiens	from	early	to	late	
season	in	2/3	funcConal	
container	types	



Results:	Compe55on	Trial	

Survival Development Time 

Source dfs F P 
 

dfs F P 

Container Type 5,18 27.54 <0.0001 5,17.9 124.29 <0.0001 

Treatment 2,36 25.60 <0.0001 2,33.7 15.49 <0.0001 

Container Type x 
Treatment 

10,36 4.57 0.0003 10,31.5 2.80 0.0134 

Container	(Container	Type)	included	as	a	random	
variable	
	
Development	Time	could	not	be	calculated	in	11	
microcosms	that	had	no	survivorship	
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Lower	survival	in	Increased	
vs.	Decreased	treatments	for	
Trash	container	types	
	
	
	
	
	
	
Strong	effects	of	Ae.	
albopictus	compeCCon	in	
Trash	containers	

0	

0.2	

0.4	

0.6	

0.8	

Reduced	 Control	 Increased	

Su
rv
iv
or
sh
ip
	

Density	Treatment	

Bucket	

Fence	pole	

Trash	can	

PlasCc	
trash	
Dumped	
Cre	
Styrofoam	
trash	



Results:	Development	Time	
Slower	development	in	
Increased	vs.	Decreased	
treatments	for	Plas5c	and	
Styrofoam	trash	&	funcConal	
Buckets	
	
	
	
	
	
Strong	effects	of	Ae.	albopictus	
compeCCon	in	Trash	containers	
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Results	Summary	
•  Overall	negaCve	compeCCve	effects	of	Ae.	albopictus	on	Cx.	pipiens	

at	densiCes	relevant	to	urban	container	condiCons	

•  But	liple	evidence	of	compeCCve	impacts	in	FuncConal	containers	
–  Likely	due	to	greater	FPOM,	nutrient	&	microbial	resources	

•  First	robust	study	to	show	persistence	of	Cx.	pipiens	aaer	Ae.	
albopictus	invasion	in	urban	container	condiCons	

•  Interspecific	compeCCon	likely	important	in	structuring	Ae.	
albopictus-Cx.	pipiens	communiCes	
–  In	addiCon	to	other	ecological	processes	

	



Implica5ons	
•  Persistence	Cx.	pipiens	with	
Ae.	albopictus	may	increase	
transmission	risk	
–  Simultaneous	zoonoCc	and	
bridge	transmission	of	WNV		

•  FuncConal	Trash	Cans	good	
habitat	for	Cx.	pipiens	
–  Control	requires	resident-based	
behavior	change	

	

	



Conclusions	
•  CiCes	are	heterogeneous	socio-ecological	
systems	

•  Social	factors	can	affect	vector	ecology	across	SES	
boundaries	in	subtle	ways	at	different	scales	

•  Capacity	to	detect	and	control	disease	impaired	
by	a	lack	of	data	on	vector	biology	at	within-city	
spaCal	scales		
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KAP	surveys	reveal	rela5onship	between	
knowledge,	altudes,	prac5ces	

Knowledge	
Source	

ReducCon	

Demographics	

Reduced	
Mosquitoes	

NSF Urban Long-Term Research Area Exploratory Grant Proposal # 0948947 



Knowledge	

Container	
ReducCon	Demographics	

Age	
Neighborhood	

Reduced	
InfestaCon	

Larval	
ecology	

knowledge	



Knowledge	

Demographics	

Income	
EducaCon	
Gender	
Age	

Larval	
ecology	

knowledge	



Is	educa5on	outreach	effec5ve	at	improving	
resident-based	mosquito	management?	



Northeastern	Integrated	Pest	Management	Center	(MD-2011-00540)	and	NSF-Couple	
Natural	Human	Systems	Program	(DEB-1211797)	



Flyer	 Magnet	Notepad	

Calendar	

Is	educa5on	outreach	effec5ve	at	improving	
resident-based	mosquito	management?	
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1.  Container	reducCons	were	associated	with	reducCons	in	
A.	albopictus,	but	not	C.	pipiens	

2.  Respondents	in	households	that	received	educaCon	had	
greater	odds	of	reporCng	source	reducCon,	independent	
of	any	improvements	of	knowledge	or	awtude	

3.  Respondents	in	households	that	received	educaCon	had	
greater	odds	of	decreased	concern,	and	their	yards	had	
lower	odds	of	fewer	containers	

Key	Summary	



1.  Container	reducCon	is	important	for	reducing	mosquitoes	

2.  EducaCon	materials	may	be	effecCve	at	increasing	source	
reducCon	of	individuals,	but	unclear	how	

3.  EffecCveness	of	educaCon	materials	absent	at	household	
scale		
•  Source	reducCon	≠	container	reducCon	
•  Reduced	concern	aaer	educaCon	
•  Other	household	behaviors	offset	source	reducCon?		
•  EducaCon	materials	failed	to	resonate	with	important	values?	
•  Self-reporCng	bias?	

Ø  Liple	evidence	for	educaCon	effecCveness	

Conclusions	



Summary	of	Social	Science	Interviews	

•  Residents	across	income	groups	already	connect	mosquitoes	
with	social	and	environmental	changes	in	their	
neighborhoods	

•  EducaCon	that	stresses	only	individuated	response	could	
provoke	cogniCve	dissonance	

•  EducaCon	and	acCviCes	can	build	on	exisCng	“lay	ecologies”		



Mark	Meisner	Founded	and	Directed	the	Environmental	Communica;on	Network,	un;l	it	was	
merged	into	the	Interna;onal	Environmental	Communica;on	Associa;on	(IECA	-	theieca.org).	

Key	ingredients	of	environmental	
communicaCon	

Typical	techno-science	message	
	

Assumes	knowledge	deficit	is	the	main	
problem	



Common	Cause	FoundaCon,	hpp://valuesandframes.org/handbook/	

Values	driving	mo5va5on	and	ac5on	are	related		

Values	are	prioriCzed	
over	others	and	vary	
by	individuals	
	
Closer	values	are	
more	likely	to	be	of	
similar	importance	to	
the	same	person	



Mosquito	(Zika)	control	
•  Source	reducCon	

•  Spraying	of	Naled	&	Malathion	
organophosphate	insecCcides		

•  Use	of	GMO	mosquitoes	


