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Culex pipiens complex mosquitoes 

are vectors 

•Primary enzootic and epidemic 

vectors of

–St. Louis encephalitis virus and

–West Nile virus

in the Eastern and Midwestern USA 

and in urban areas of the Western 

USA 



Culex pipiens complex in USA

•Cx. pipiens quinquefasciatus

–Southern house mosquito

•Cx. p. pipiens-p. quinquefasciatus hybrids

–Middle latitudes

•Cx. pipiens pipiens form pipiens

–Northern house mosquito

•Cx. pipiens pipiens form molestus

–Underground habitats



Culex pipiens complex in USA
•Cx. pipiens quinquefasciatus

–Southern house mosquito

–Active all year, quiescent periods in winter

–Does not diapause

•Cx. p. pipiens-quinquefasciatus hybrids

–Broad stable hybrid zone

–Middle latitudes

•Cx. pipiens pipiens form pipiens

–Northern house mosquito

–Diapause - a period of physiologically 

enforced winter dormancy



•Cx. pipiens pipiens form pipiens

–Diapause - a period of physiologically enforced 

winter dormancy

•Sugar gluttony, fat bodies

•Hibernacula 

–Anautogenous - bloodmeal required for egg 

development

–Eurygamous - mate is swarms in open areas

•Cx. pipiens pipiens form molestus

–Does not diapause - overwinters in protected 

underground habitats

–Autogenous - first egg raft without bloodmeal

–Stenogamous - mates in confined spaces



Habitat of Cx. p. pipiens form 

molestus strain Calumet from a 

sewage treatment plant in 

Chicago (Mutebi and Savage 

2009) 

Above:  Adult mosquitoes resting 

on inside wall of drainage sump 

Left:  Drainage sump sealed by steel 

covers and dense cobwebs



Hibernacula or overwintering site for 

Cx. p. pipiens form pipiens in Des 

Plaines, a suburb of Chicago



Measurement of DV/D ratio after Barr 1957



Use of HotACE.2 assay to distinguish Cx. p. pipiens, 

Cx. p. quinquefasciatus and hybrids 
(Aspen and Savage 2003, Savage et al. 2007)

•pipiens primer 

amplifies pipiens

and hybrid DNA

•quinquefasciatus

primer amplifies 

quinquefasciatus

and hybrid DNA

•Both bands appear 

in F1 hybrids

•Underestimates 

hybrid ancestry in 

other crosses
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Microsatellites
•Evolve rapidly

•Highly variable molecular markers 

•Consist of repeating units of 1-6, usually 2-

3, base pairs in length

•Typically neutral with numerous alleles

•Data analysis complex

•Allows for the characterization of 

individuals within and among populations, 

and is appropriate for subspecies and 

species level analyses



Sample sites

•Transect across 

Mississippi River 

Basin,  1429 km

•Gravid Traps

•14 sites 

•New Orleans to 

Chicago

•August, 2005

•Average of 112.4 

km (70 miles) 

between sites



Structure analysis:  Cluster 

membership  for individual 

specimens from 14 sites, 

upper K = 2*, lower K = 3       

(Kothera et al. 2009)

green = quinquefasciatus, red = pipiens, hybrids = blue (qi value < 0.90)
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Populations of form molestus in the USA

•Boston - Spielman 1957

•New York City - Kent et al. 2007, Huang et al. 

2008, Kothera et al. 2010

•Philadelphia –Kilpatrick et al. 2007

•Chicago (2) –Wray 1946; Mutebi and Savage 

2009, Kothera et al. 2010

•Sacramento–Brown et al. (pers. comm.),       

Reisen et al. (pers. comm.)

•San Rafael, Marin Co., CA–McAbee et al. 2004





Sites near or along 

transect with 

bloodmeal datasets

Cx. p. pipiens

Chicago, IL (Hamer et 

al. 2009)

Cx. p.-q. hybrids 

Memphis and Shelby, 

Co, TN  (Savage et al. 

2007)

Cx. p. quinquefasciatus

East Baton Rouge 

Parish, East Feliciana 

Parish, and Iberville 

Parish, LA (Mackay et 

al. 2010)



IL1 X X X X X X X X

TN2 X X X X X X X

LA3 X X X X X X X X

Top 8 bloodmeal hosts for Cx. pipiens complex mosquitoes at 

each of three sites, total hosts = 14

1Hamer et al. 2009; 2Savage et al. 2007; 3Mackay et al. 2010 



IL1 X X X X X X X X

TN2 X X X X X X X

LA3 X X X X X X X X

Top 8 bloodmeal hosts for Cx. pipiens complex mosquitoes at 

each of three sites, total hosts = 14

1Hamer et al. 2009; 2Savage et al. 2007; 3Mackay et al. 2010 



Top 8 bloodmeal hosts for Cx. pipiens complex 

mosquitoes from three sites, % bloodmeals (rank) 

Host species LA1 TN2 IL3 Overall

American robin 0 % (-) 45.1 % (1) 39.2 % (1) 28.1 %

Northern cardinal 14.9 % (1) 7.2% (4) 6.8 % (5) 9.6 %

Human 7.0 % (5) 1.1 % (12) 15.7 % (2) 7.9 %

Northern raccoon 11.5 % (2) 9.0 % (3) 1.6 % (9) 7.4 %

Common grackle 6.3 % (6) 11.9 % (2) 0.3 % (>17) 6.2 %

House sparrow 3.2 % (10) 1.9 % (9) 11.9 % (3) 5.7 %

Mourning dove 4.8 % (8) 0.6 % (>17) 8.6 % (4) 4.7 %

1Mackay et al. 2010; 2Savage et al. 2007; 3Hamer et al. 2009  



Top mammalian  bloodmeal hosts for Cx. pipiens complex 

mosquitoes from three sites, % bloodmeals (rank) 

Host species LA1 TN2 IL3 Overall

Human 7.0 % (5) 1.1 % (12) 15.7 % (2) 7.9 %

Northern raccoon 11.5 % (2) 9.0 % (3) 1.6 % (9) 7.4 %

Domestic dog 8.3 % (4) 2.9 % (7) 0.2% (>17) 3.8 %

Virginia opossum 6.0 % (7) 0.9 % (15) 0.5 % (12) 2.5 %

Domestic horse 2.8 % (11) 3.6 % (5) 0.0 % (-) 2.1 %

1Mackay et al. 2010; 2Savage et al. 2007; 3Hamer et al. 2009  



Why high human bloodfeeding in Chicago?

•pipiens in Chicago may represent a 

mixture of form pipiens and form molestus

(Huang et al. 2009)

–Specimens that feed on mammals had a 

significantly higher molestus ancestry and 

proportion of hybrids than specimens that fed 

of birds

•Mammal feeding specimens - 14.1%  hybrids

•Bird feeding specimens  - 5.5 % hybrids  

•No genetic differentiation between 

specimens with avian and mammalian 

bloodmeals



Additional problems with genetic interpretation?

•Low number of molestus populations
•Two detected (Wray 1946, Mutebi and Savage 

2009)

•Low number of hybrid specimens
•5.2 % in Chicago (Kothera et al. 2010)

•7.8 % in Chicago (Huang et al. 2009)

•“caution should be exercised in using 

hybrid ancestry as a genetic basis to 

interpret the differences in host-feeding 

patterns of Cx. pipienspopulations” 

(Huang et al. 2008)



Why high human bloodfeeding in Chicago

•Collection methods and host availability 

(Hamer et al. 2009) 

–79% of bloodfed specimens collected from 

residential area such as alleys and backyards 

•Urbanization in conjunction with a northern 

location may result in a lower number of 

primary bloodmeal hosts

–Number of important (frequently utilized) 

bloodmeal hosts was lowest in Chicago 

among the three sites



Top 8 bloodmeal hosts for Cx. pipiens complex 

mosquitoes from three sites, % bloodmeals (rank) 

Host species LA1 TN2 IL3 Overall

American robin 0 % (-) 45.1 % (1) 39.2 % (1) 28.1 %

Northern cardinal 14.9 % (1) 7.2% (4) 6.8 % (5) 9.6 %

Human 7.0 % (5) 1.1 % (12) 15.7 % (2) 7.9 %

Northern raccoon 11.5 % (2) 9.0 % (3) 1.6 % (9) 7.4 %

Common grackle 6.3 % (6) 11.9 % (2) 0.3 % (>17) 6.2 %

House sparrow 3.2 % (10) 1.9 % (9) 11.9 % (3) 5.7 %

Mourning dove 4.8 % (8) 0.6 % (>17) 8.6 % (4) 4.7 %

1Mackay et al. 2010; 2Savage et al. 2007; 3Hamer et al. 2009  



Bloodmeal hosts for Cx. pipiens complex mosquitoes 

from three sites, % bloodmeals (rank), continued  

Host species LA1 TN2 IL3 Overall

Domestic dog 8.3 % (4) 2.9 % (7) 0.2% (>17) 3.8 %

Northern

mockingbird
9.1 % (3) 1.3 % (11) 0.0 % (-) 3.5 %

Blue jay 1.9 % (13) 3.4 % (6) 2.2 % (7) 2.5 %

Virginia opossum 6.0 % (7) 0.9 % (15) 0.5 % (12) 2.5 %

Domestic horse 2.8 % (11) 3.6 % (5) 0.0 % (-) 2.1 %

House finch 0.0 % (-) 0.6 % (>17) 5.3 % (6) 2.0 %

European starling 0.4 % (>17) 0.9 % (15) 1.9 % (8) 1.1

1Mackay et al. 2010; 2Savage et al. 2007; 3Hamer et al. 2009  



IL1 X X X X X X X X

TN2 X X X X X X X

LA3 X X X X X X X X

Top 8 bloodmeal hosts for Cx. pipiens complex mosquitoes at 

each of 3 sites in the Mississippi River Basin, total hosts = 14

1Hamer et al. 2009; 2Savage et al. 2007; 3Mackay et al. 2010 


