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ABSTRACT 

Outbreaks of West Nile virus (WNV) in American white pelicans (Pelecanus 
erythrorhynchos Gmelin) at Medicine Lake National Wildlife Refuge, Montana prompted 
mosquito and WNV surveillance during 2005 – 2006 to describe the epidemiological 
cycle.  A total of 102,118 mosquitoes representing 19 species was collected throughout 
the refuge from 261 trap nights.  Ochlerotatus dorsalis (Meigen), a floodwater mosquito, 
was the most abundant (45.5%), followed by Aedes vexans (Meigen) (25.6%), Culex 
tarsalis Coquillett (18.8%) and Ochlerotatus flavescens (Muller) (7.3%).  Seasonal light 
trap indices (LTI) for 2005 and 2006 were 110 and 53, respectively.  A total of 4,402 Cx. 
tarsalis mosquitoes in 2005 was assayed for WNV in 90 pools, six of which were 
positive. The minimum infection rate (MIR) for the season was 1.36 per 1,000 
mosquitoes.  In 2006, 64 pools containing 2,810 females were tested, four of which were 
positive, resulting in an MIR of 1.41 per 1,000 mosquitoes.  Avian infection with WNV 
was monitored with sentinel chickens, which were shown to be ineffective as an early 
warning system for WNV transmission.   

Mosquito blood-meal identification was used to assess which species were 
utilizing pelicans as a host.  Three methods were evaluated for collecting blood-fed 
mosquitoes.  CO2-baited CDC light traps, a gasoline-powered backpack aspirator, and 
fiber resting pots collected 15, 74, and 0 blood-fed Ae. vexans, 20, 34, and 52 blood-fed  
Culiseta inornata (Williston), and 57, 27 and 35 blood-fed Cx. tarsalis mosquitoes, 
respectively.  Heteroduplex PCR analyses identified 24 hosts from blood-fed Cx. tarsalis 
(n = 95), Ae. vexans (n = 2) and Cs. inornata (n = 39).  Approximately half of the Cx. 
tarsalis blood-meals were avian, but none was from pelican; 75% of Ae. vexans were 
from white-tailed deer (Odocoileus virginianus Zimmerman); and 65% of Cs. inornata 
were from cattle (Bos taurus Linnaeus).  Of 206 mosquitoes tested, only one Cs. inornata 
was positive for pelican.  Pre-fledged pelican mortality in 2005 was greater than 400 and 
more than 385 in 2006.  Low numbers of Cx. tarsalis in light traps in 2006 strongly 
suggest another mode of transmission is likely occurring in the pelican colony. 
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IINTRODUCTON 
 
 
 West Nile virus (WNV) first appeared in North America in 1999.  With 

23,962 human cases reported, 950 deaths have occurred throughout the United States 

(with the exceptions of Alaska and Hawaii), Canada and the Caribbean (Center for 

Disease Control website).  WNV was detected in Montana in 2002, after which 

mosquito and WNV surveillance was initiated.  Culex tarsalis Coquillett was the 

predominant species infected with WNV, indicating that this species was the primary 

vector.   Highest densities of Cx. tarsalis were captured along major rivers in the 

state, particularly the Yellowstone and Milk Rivers, and were areas where highest 

virus activity occurred.  In addition to being associated with rivers, concerns about 

mosquito production, especially Cx. tarsalis, and WNV activity in prairie wetlands 

arose.  These concerns were prompted by high mortality of American white pelicans 

(Pelecanus erythrorhynchos Gmelin) at Medicine Lake National Wildlife Refuge 

(NWR) in Sheridan County, Montana where high human case rate per capita was 

recorded in 2003.  While the number of human cases declined in 2004 and 2005, 

there was evidence of virus in birds (i.e., more than 400 pre-fledged pelican deaths) 

and mosquitoes (WNV detection in Cx. tarsalis), suggesting that Medicine Lake was 

an enzootic site for WNV. 

Based on previous WNV transmission activity, I propose that Medicine Lake 

NWR is an enzootic site for WNV.  To investigate this hypothesis and to better 
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understand the behavioral and ecological characteristics of mosquito populations at 

this wildlife refuge, my specific objectives were to 

1. determine the spatial and seasonal distribution of mosquito species, 

particularly putative WNV vectors, at Medicine Lake NWR; 

2. monitor WNV activity levels using standard arbovirus surveillance tools; 

and;  

3. collect and analyze blood-fed mosquitoes for host identification 
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LITERATURE REVIEW 
 

 
Etiology and Epidemiology 

 
 

West Nile virus (WNV) is a single-stranded RNA arbovirus in the family 

Flaviviridae.  A member of the Japanese Encephalitis Antigenic Complex, WNV is in 

the same genus as Japanese encephalitis, Kunjin, Murray Valley encephalitis, St. 

Louis encephalitis, and Yaounde viruses.   

West Nile virus has two transmission cycles (Turell et al. 2002).  The primary 

enzootic cycle typically involves maintenance and amplification of WNV within 

populations of birds and bird-feeding mosquitoes.  In this cycle, infectious 

mosquitoes containing viral particles in their salivary glands transmit WNV to birds 

during feeding.  Virus amplification occurs in the bird and a female mosquito 

becomes infected when feeding on a viremic bird.  Avian reservoirs will develop 

infectious titers one to four days following infection, after which the bird will either 

develop lifelong immunity or succumb to infection.  In the secondary cycle, catholic-

feeding mosquitoes, or bridge vectors, become infected following ingestion of blood 

meals from viremic birds and then transmit the virus to other mammals after a period 

of viral amplification within the gut of the mosquito. 

First isolated in 1937 in the West Nile District of Uganda (Smithburn et al. 

1940), WNV has spread throughout Africa, Asia, Europe and the Middle East.  Until 
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the mid 1990’s, sporadic outbreaks of human encephalitic WNV were reported along 

a major flyway of migratory birds which runs from northern Africa, crosses the 

Middle East and enters the Black Sea.  Reports of outbreaks became more frequent 

beginning with 50 encephalitic human cases and eight deaths reported in Algeria, 

1994 (La Guenno et al. 1996).  In Romania, during the summer of 1996, 393 patients 

demonstrating neurological symptoms were diagnosed with WNV 17 of the cases 

were fatal (Tsai et al. 1998, Savage et al. 1999).  The following year, Czech Republic 

also had an outbreak with 619 WNV cases following heavy rains and flooding 

(Hubalek et al. 1999, Hubalek et al. 2005).  Between July and October 1999, among 

480 patients tested WNV-positive in Russia’s Volgograd region, there were 40 

fatalities (Platonov et al. 2001).  All outbreaks occurred in wetlands or next to major 

rivers and coincided with the arrival of migratory birds, regional summer months, and 

an increase in Culex pipiens L. populations. 

The first indication of WNV in North America was the sudden deaths of 

thousands of crows in New York City, 1999.  Initially attributed to unusually high 

temperatures, thousands of crows succumbed from infection with WNV.  Throughout 

the rest of the summer, 62 human cases including seven fatalities of what was later 

diagnosed as WNV were reported.  Genetic analysis revealed that the strain of WNV 

isolated from the brain of a Chilean flamingo, Phoenicopterus chilensis (Molina), 

which was maintained at the Bronx Zoo, was identical to a strain isolated from a dead 

goose in Israel in 1998 (Lanciotti et al. 1999).  Just five years after WNV appeared in 

New York, all 48 states in the continental U.S., Canada, Mexico, Central America 

and South America reported WNV activity in either human, avian or mosquito 
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populations.  By 2005, in the U.S. alone, 19,655 human cases had been reported, 

including 782 deaths (CDC 2006). 

How WNV was introduced to New York City is still a controversial issue.  Of 

the proposed theories, two have the most support.  Some think an infected mosquito 

was carried across the Atlantic Ocean by plane.  Based on epidemiological evidence 

from the outbreaks in Africa, the Middle East and Russia, others believe that 

migratory birds brought the disease to New York City.  Human introduction has been 

ruled out due to the fact that virus replication in humans is too low for subsequent 

transmission. 

WNV was first detected in Montana in August, 2002.  That year, two human 

and 134 equine cases were reported.  Although no human deaths were reported, 38 

horses succumbed to infection.  A WNV epizootic occurred in the state in 2003 with 

228 and 193 human and horse cases, respectively, including four deaths.  WNV 

activity in humans and horses sharply declined in the years following the epizootic.  

Possible reasons for this decline include immunity in humans and/or avian reservoirs, 

horse vaccinations, low virus activity as indicated by positive mosquito pools and 

dead birds, and cooler temperatures. 

 
Determination of Competent Vectors 

 

Identification of competent vectors involves isolation of WNV from field-

collected specimens, demonstration of amplification within and transmission by the 

species, demonstration that the species feeds on amplifying hosts, and demonstration 

that the species and virus transmission occur together (Reeves 1957).  Since the 
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introduction of WNV into North America, 60 species of mosquitoes have tested 

positive for WNV (CDC 2005).  Numerous studies have reported that the majority of 

species tested belong to the Culex genus with occasional positive pools of for Aedes 

vexans (Meigen), Ae. triseriatus (Say), Ochleratatus japonicus (Theobald), Culiseta 

inornata (Williston) and Psorophora ferox (Humboldt) (Tahori et al. 1995, Bernard et 

al. 2001, Hayes 2001, Nasci et al. 2001).   Testing for WNV in a mosquito addresses 

the issue of the presence of the virus rather than its dissemination throughout the 

mosquito and potential vector competency.  Before WNV may reach an infectious 

titer within a mosquito, viral particles that are ingested with a blood meal must bind 

to and pass through the midgut cell layer and disseminate into the hemocoel where 

replication may then occur (see Viral Dissemination).  Viral particles may then infect 

other body tissues such as ovarioles or enter through and then replicate in salivary 

glands.  Although a mosquito may render an assay positive if she has acquired a 

blood meal with WNV, the virus may not become disseminated, and, as a 

consequence, may not be transmitted through subsequent feeding.  Therefore, viral 

amplification and transmission must be demonstrated before a species is considered a 

competent vector.  Based on detection of virus, demonstration of amplification and 

transmission of virus, feeding preferences, and spatial and temporal distributions, Cx. 

tarsalis, Culex  pipiens L., Culex quinquefasciatus Say, Culex salinarius Coquillett 

and Culex restuans Theobald have been determined to be the main competent vectors 

of WNV in the United States (CDC 2000, Andreadis et al. 2001, Turrell et al. 2005).   

Mosquito and WNV surveillance was initiated throughout Montana in 2003 

after the arrival of WNV in the fall of 2002 (Johnson 2005).  This surveillance used 
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CO2-baited light traps to monitor mosquito populations in 22 counties.  Collections 

were sorted by species, counted, and pooled by species with up to 50 adult females 

per vial (this equals “one pool”).  A total of 657 mosquito pools representing at least 

7 different species were submitted to the Montana Public Health Lab for 

WNVdetection.  Culex tarsalis comprised 389 of these pools (containing 2,549 

specimens), 136 pools were Aedes vexans, 57 pools were Culiseta  inornata, and the 

remaining 75 included Ochlerotatus, Psorophora and Anopheline spp.  Of the 138 

pools which tested positive for WNV, 134 were Cx. tarsalis, 3 were Ae. vexans and 1 

was Cs. inornata.  In 2004, 364 pools were submitted for WNV detection.  Six of 323 

pools of Cx. tarsalis tested positive, while 1 of 34 Ae. vexans pools and 0 of  7 Cs. 

inornata pools tested positive.  

Mosquito and virus surveillance indicated that Cx. tarsalis is putatively the 

primary vector of WNV in Montana; that this species likely serves as the bridge 

vector to tangential hosts (humans and horses); and that other species such as Ae. 

vexans and Cs. inornata are rarely involved in WNV transmission.   

 

Biology of Culex tarsalis 
 

Distribution 

Cx. tarsalis, known as the western encephalitis mosquito is most common in 

the mid-west and western states is rarely found east of the Mississippi River (Pratt 

and Moore 1993, Reisen 1993).  Previous mosquito surveillance in Montana has 
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described Cx. tarsalis as being common in prairies and progressively rarer with 

increasing altitude beginning around 7,300 feet (DeFeytner 2007, Quickenden 1972). 

 
Development 
  

Development from egg to adult may require a week or a month or more, 

depending on various environmental and physical parameters.  In California, female 

Cx. tarsalis may lay her first set of eggs within four days after emergence and without 

a blood meal depending on temperature, photoperiod, and nutrition (Reisen 1993).  

Egg rafts containing between 100 to 200 eggs are typically laid on newly formed 

sunlit pools surrounded by vegetation.  Depending on temperature, eggs usually hatch 

within 48 hours.  Larvae will develop in a variety of aquatic environments, but will 

not tolerate water with high organic content.  Food availability, chemical composition 

of the aquatic habitat, and water temperature will impact the rate of larval 

development which can last between one to four weeks.   

After eclosion, various environmental conditions can affect the behavior of 

adult females.  In agricultural habitats, warmer than average spring temperatures may 

contribute to the emergence of mosquito-borne diseases by indirectly favoring early 

Cx. tarsalis emergence due to earlier irrigation, decreasing time between generations, 

and creating earlier onset of viral extrinsic incubation periods (Reisen et al. 1992).  

Culex tarsalis is also the primary vector of St. Louis encephalitis (SLE) and western 

equine encephalitis (WEE).  The distribution of SLE and WEE cases in humans and 

horses has been observed to be associated with irrigated land (Mitchell 1977, Smith et 

al. 1993).  Habitats with windbreaks, or clusters of trees, seem to support the enzootic 
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transmission of mosquito-bird viruses (Reisen et al. 1995).  Although windbreaks 

may support relatively lower vector abundance as evidenced by relatively lower trap 

catches of Cx. tarsalis, roosting avian populations are thought to maintain virus 

transmission.  Females are typically crepuscular and hunt between dusk and dawn.  

Numerous studies report that although most Cx. tarsalis mosquitoes will remain 

within a mile of their production sites, their flight range may be up to ten miles a day 

(Quickenden 1972, Pratt and Moore 1993, Reisen 1993).   However, there is lack of 

scientific evidence to support flight range distances.    

Short photoperiod and cool water temperatures during larval development 

stimulate initiation of reproductive diapause (Reisen and Reeves 1990).  Although 

populations of Cx. tarsalis in warmer climates with longer photoperiods may remain 

gonotrophically active throughout the winter, populations in cooler climates with 

shorter photoperiods overwinter in reproductive diapause.  Initiation of diapause 

causes a change in feeding and females begin to feed primarily on sucrose rather than 

blood.  Engorged females have a decreased survivorship during overwintering.  

However, a study conducted in California (Bellamy and Reeves 1963) suggested that 

although overwintering Cx. tarsalis females are gonotrophically inactive, they remain 

metabolically active and require carbohydrates for survivorship. 

Factors which may alter life histories of Cx. tarsalis include infection, 

environmental parameters, and geography.  Mahmood et al. (2004) have shown that 

infection of Cx. tarsalis females with an encephalitic virus may alter life table 

characteristics (Mahmood et al. 2004).  Females which were infected with WEE 

showed a decrease in both survivorship and reproductive effort, but showed an 
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increase in the rate of reproduction.  The exact mechanism(s) that may be responsible 

for this interaction has not yet been elucidated.  Temperature, photoperiod and 

precipitation may also alter life histories. 

Although Cx. tarsalis is often cited as being the most important western U.S. 

vector of encephalitic viruses, most biological and developmental information has 

been obtained from California where ecological and environmental parameters are 

very different from those in more northern climates.  Microhabitats have a profound 

impact on the development and behavior of mosquitoes.  Host availability may affect 

the number of eggs laid by gravid Cx. tarsalis.  For instance, in one study, females 

that fed on a chicken or a snake laid more eggs than females that fed on a Guinea pig 

(Bock and Milby 1981).  Also, stimulation of egg hatching and rate of larval 

development may be affected by temperature, photoperiod, organic content of water, 

and/or predaceous organisms.  Adult activity is regulated by numerous environmental 

conditions such as photoperiod, temperature, wind speed, precipitation, and 

vegetation.  Information obtained in California has been valuable for the initiation of 

surveillance of Cx. tarsalis in Montana.  However, more information is needed on the 

biology of Cx. tarsalis populations found in the Rocky Mountain regions. 

 
Viral Dissemination  
 
 A mosquito is usually able to transmit WNV if the virus is disseminated 

throughout the body (Turrell et al. 2001).  For a species to become infectious, the 

virus may be ingested with a blood meal, then bind to and penetrate midgut epithelial 

cells, then replicate and disseminate within the hemocoel.  Dessimination of viral 



 

 

 
 

11 
 

 

particles may occur to other tissues such as reproductive tissues.  Amplified virus 

must penetrate the salivary glands where secondary amplification may or may not 

occur, and be secreted with saliva during feeding.  The period of viral amplification in 

the mosquito is the extrinsic incubation period.   

Hardy and Reeves (1990) demonstrated the effects of temperature on the 

length of the extrinsic incubation periods of SLE and WEE in Cx. tarsalis.  Earlier 

observations noted the trend of increased WEE activity in California from June to 

August while SLE activity peaked from August to October.  Laboratory studies 

indicated that at constant temperatures of 18°C and 24°C, WEE required less time 

than SLE for extrinsic incubation and that as temperature increased (up to 30°C), 

extrinsic incubation periods decreased.  

Reisen et al. (2006) determined the extrinsic incubation period for WNV in 

Cx. tarsalis to be five to seven days at 28°C.  However, these data were generated 

from the Kern National Wildlife Refuge strain of Cx. tarsalis (Kern County, 

California, colonized in 2002) which may have different developmental thresholds 

than strains found in Montana.  As a result, degree day calculations which are used to 

determine extrinsic incubation periods may also be different.  Additionally, extrinsic 

incubation periods were determined for mosquitoes reared at a constant temperature.  

Females in the field experience a variety of microhabitats in which temperatures 

fluctuate.  In southern California, temperature fluctuations were found to have no 

effect on extrinsic incubation period estimates (Meyer et al. 1990).  Montana may 

experience a wider fluctuation in temperatures which would be expected to influence 

extrinsic incubation periods.  Extrinsic incubation periods are often used by public 
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health officials to monitor risk of infection as degree days accumulate throughout the 

season.  A reliable warning to the public requires accurate developmental 

information.   

After WNV amplification, dissemination occurs when viral particles bind to 

receptors lining the midgut, at which point the midgut becomes penetrable to WNV.  

A mosquito may ingest WNV, but not become infectious for a number of reasons 

including failure of viral particles to penetrate the midgut barrier, failure to enter the 

hemocoel, attach to, enter or leave the salivary glands. 

  
Host Preferences 
 

Knowledge of host-feeding patterns of Cx. tarsalis is essential to 

understanding the transmission of WNV.  Of 8,579 blood-fed Cx. tarsalis collected 

from five states and ten counties, the largest number of blood meals identified were 

obtained from birds (61%) including Passeriformes (perching birds, 35%), 

Galliformes (upland game birds such as pheasants and quail, 15%), Columbiformes 

(doves and pigeons, 10%), Falconiformes (falcons and hawks, 0.23%), Strigiformes 

(owls, 0.2%), Anseriformes (ducks, 0.09%), Gruiformes (poultry birds such as 

chickens and turkeys, 0.02%), and others which are not listed (Tempelis and Washino 

1967, Tempelis et al., 1967, Hayes et al. 1973, and Lee et al. 2002).  Mammals, 

including humans, cattle and horses, accounted for 36% of the identified blood meals.  

Some studies rely on avian seroprevalence to indirectly determine host preference of 

mosquitoes (Day and Stark 1999).  However, the results of these studies should be 
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interpreted with caution in that they simply address exposure and not routes of 

transmission. 

Seasonal shifts in Cx. tarsalis host preference have been proposed to be the 

cause of increased human cases of WNV (Kilpatrick et al. 2006).  Early studies 

indicated that as Cx. tarsalis populations increased, feeding rates on mammals 

increased while feeding rates on birds decreased (Reeves 1971, Nelson et al. 1976, 

Tempelis et al. 1976).  Reduced mosquito blood-feeding in the avian population has 

been attributed to host defense behavior (Edman et al. 1972).  When given a choice, 

Cx. tarsalis females tend to prefer to feed on nestlings rather than on adults.  Reasons 

for this could include lack of feathers on the nestlings and/or less effective defensive 

behavior (Blackmore and Dow 1958).  As bird populations age and mosquito 

populations increase, nestling develop more plumage and increase mosquito 

avoidance behaviors such as movement and pecking.  This would account for time 

needed for viral amplification and the emergence of human cases which tend to 

appear mid to late summer.   

Information on the time of host-seeking activity by Cx. tarsalis and other 

targeted species is critical for abatement and control.  The greatest exposure of 

adulticide aerosols to Cx. tarsalis occurs when adulticides are sprayed during flight.  

In California, Cx. tarsalis host-seeking activity occurs within one to three hours after 

sunset.  An increase in flight before sunrise is thought to be a search for diurnal 

resting sites (Reisen et al. 1997). 
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Other Modes of Transmission 
 
 

 WNV is characterized primarily as a virus vectored by mosquitoes, and 

possibly secondarily by mites, ticks, and/or hippoboscids (Abbassy et al. 1993, Gancz 

et al. 2004, Lawrie et al. 2004, and Mumcuoglu et al. 2005).  Birds have contracted 

WNV by oral and cloacal secretions, ingestion of WNV-infected meat, and skin 

contact.  Corvids and ring-billed gulls shed infectious titers of WNV in feces and oral 

exudates (Komar 2003).  A great horned owl seroconverted after ingestion of infected 

mice (Kuno 2001).  WNV infection was determined to be the cause of death of a 

hawk in New York in February, suggesting possible contraction of the virus from 

eating a contaminated reservoir (Garmendia 2000).  Other modes of non-vector 

transmission not studied for WNV, but discovered to be involved in the avian-

mosquito enzootic cycle for other arboviruses include cannibalism, urine secretions, 

conjunctival fluid secretions, feather picking and ingestion of regurgitated food 

(Kuno 2001, Winn 1957). 

 
Methods for Mosquito Collection, WNV Detection, and Host Identification 

 
 

 Surveillance of SLE, WEE, and WNV has stimulated efforts to collect female 

Cx. tarsalis and to detect WNV within host-seeking females.  The biology, ecology, 

and physiological state of adult Cx. tarsalis dictates the type of trapping method 

which should be used.  For instance, methods used to attract and collect host-seeking 

females typically rely on chemical attractants such as CO2 whereas methods such as 

black resting pots, which are designed to collect resting adults, usually rely on visual 
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and/or temperature cues.  In addition to characterizing Cx. tarsalis behavior, 

epidemiological investigations of WNV should include surveillance of WNV and its 

transmission between organisms.  The following is a review of methods that have 

been used to study the biology of Cx. tarsalis and the transmission of WNV.  

 
Trapping 
 
 Various methods have been used to capture host-seeking, gravid and/or blood-

fed mosquitoes.  Physiological status (host-seeking, gonotrophic status), ecological 

preferences (resting sites, production areas), and species-specific behavior (time of 

flight, host preferences) must be considered when choosing trapping method and 

design.  To date, the most effective method used to determine host-seeking female 

Cx. tarsalis abundance and dynamics is the use of CDC CO2-baited light traps (Sudia 

and Chamberlain 1962) arranged in a spatially uniform sampling scheme (Reisen et 

al. 1999).  Unfortunately, a uniform sampling scheme requires a large investment of 

resources and time.  A method requiring fewer resources to monitor host-seeking Cx. 

tarsalis populations is the best estimate approach, wherein traps are located next to 

mosquito production sites.  Because an expanded geographic area will contain a 

variety of microhabitats which may be favorable or unfavorable for females, the best 

estimate approach will often result in overestimating the rate of population increase in 

that area. 

 Previously, New Jersey light traps, which only utilize light as an attractant, 

were used to monitor host-seeking mosquito populations.  However, many 
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surveillance programs have discarded these traps as they have been demonstrated to 

be inefficient in comparison to CO2-baited light traps (Reisen et al. 2002). 

 Blood-fed mosquitoes are often desired for host identification.  Boxes or pots 

painted red or black have typically been used to collect engorged females (Edman et  

al. 1968, Komar et al. 1995). 

 
Detecting Enzootic Transmission of WNV 
 

Mosquitoes and sentinel birds are used as surveillance tools to detect enzootic 

transmission of WNV.  The standard for reporting WNV prevalence in mosquitoes is 

calculating a minimum infection rate (MIR).  Pools, or groups, of up to 50 

mosquitoes are homogenated and assayed for WNV.  A positive result may be 

interpreted as a minimum of one mosquito in the submitted pool contained WNV.  

Data containing number of mosquitoes per pool, number of pools, and number of 

positive and negative results may be entered into PooledInfRate (Biggerstaff 2004) 

which then calculates minimum infection rates with 95% confidence intervals.    

An effective sentinel is an animal in which virus may be detected but not 

amplified or transmitted to other organisms.  After infection with WNV, chickens and 

pigeons develop low titers of WNV which may stimulate an IgM antibody response 

and may be detected by an enzyme-linked immunosorbent assay (ELISA).  WNV 

titer in chickens and pigeons is too low to facilitate transmission to other organisms, 

making these two birds ideal sentinels.  Although pigeons typically develop low 

viremias and show little or no signs of illness, 7 of 41 dead pigeons tested positive for 

WNV in New York in 2000 (Bernard 2000).  This indicates that, similar to human 
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illness, WNV may result in death in immunocompromised pigeons.  Alternatively, 

detection of SLE and WEE, have historically been detected in bird populations 

through testing of sentinel chickens.  Laboratory studies indicated that chickens 

would be effective WNV sentinels.  However, an increasing number of reports have 

detected seroconversion in chickens after WNV-positive pools of mosquitoes were 

detected or the diagnosis of human or horse cases were reported, which suggest 

chickens are ineffective as early warning systems of WNV.   

 
Host Identification 
 
 Although several methods have been developed to identify the hosts that 

mosquitoes feed on, the most widely utilized methods have been precipitin tests and 

polymerase chain reaction (PCR) assays.  The precipitin test, which was first 

described for analysis of mosquito bloodmeals in 1960 (Weitz 1960), relied on the 

reaction of the blood meal with antiserum.  Specificity of this technique limited 

classification to order.  Recently, however, PCR-heteroduplex analysis (Lee et al. 

2002) has allowed investigators to determine host identification to species level.  

PCR-heteroduplex analysis is the current standard for identification of host range of 

mosquitoes. 

 West Nile virus is primarily an avian disease; humans and horses are 

considered tangential hosts.  Many species of birds have been infected by this virus 

with varying degrees of susceptibility.  Some species appear refractory to the virus 

while others, primarily corvids, are very susceptible.  It is unknown why this 
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difference in susceptibility exists.  It appears the American white pelican (Pelecanus 

erythrorhynchos Gmelin) falls into the latter category of susceptibility.   

 Pelicans are colonial water birds that nest in large groups.  During nesting 

season, adult birds leave the nesting grounds for foraging trips.  The pre-fledged birds 

form crèches, or groups, when adults are gone that provide thermal regulation and 

predator protection.  There is extensive contact among pre-fledged birds in crèches 

which may expedite transfer of diseases and ectoparasites.  Medicine Lake is the fifth 

largest breeding site of American white pelicans in North America (King and 

Anderson 2005) with a 10-year average of approximately 4,000 nests (Madden and 

Restani 2005), from which an average of 1,200 chicks survive weather, siblicide, and 

disease to reach the fledgling stage.  Before the introduction of WNV, the average 

mortality within the pre-fledged chick group was approximately 4%.  After 2003, 

mortality increased to more than 30%, which has translated into an annual loss of 

between 380 – 400 pre-fledged chicks with the exception of 2003, when 800 – 1,000 

chicks died. 
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MOSQUITO AND WEST NILE VIRUS SURVEILLANCE AT MEDICINE LAKE 
NATIONAL WILDLIFE REFUGE, MONTANA  

 
 

Abstract 
 
 

 Outbreaks of West Nile virus in pre-fledged pelicans at Medicine Lake 

National Wildlife Refuge, Montana prompted an investigation to describe the WNV 

transmission cycle during 2005 and 2006.  A total of 102,118 host-seeking female 

mosquitoes representing nineteen species were collected from 261 trap nights.  

Ochleratatus dorsalis (Meigen) was the most abundant (45.5%), followed by Aedes 

vexans (Meigen) (25.6%), Culex tarsalis Coquillett (18.8%) and Oc. flavescens 

(Muller) (7.3%).  In 2005, a total of 4,402 Cx. tarsalis mosquitoes were tested in 90 

pools, six of which were positive. The MIR per 1000 females tested was 1.36.  In 

2006, 64 pools containing 2,810 females were submitted, four of which were positive, 

resulting in a minimum infection rate of 1.41.  Chickens were ineffective as early 

warning systems for WNV transmission. 

 
Introduction 

 
 

The first report of West Nile virus in Montana occurred in 2002.  Since then, 

298 human cases including four deaths and 370 horse cases have been diagnosed.  

Mosquito and WNV surveillance was initiated in Montana in 2003 (Johnson et al. 

2004). Results indicated that in Montana, Culex tarsalis Coquillett was the primary 
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vector of WNV, that this species also serves as the bridge vector to tangential hosts 

(humans and horses), and that other species such as Aedes vexans (Meigen) and 

Culiseta inornata (Williston) are rarely involved in WNV transmission.  Additionally, 

it was apparent that major rivers in the state, particularly the Yellowstone and Milk 

Rivers, were areas where highest virus activity (i.e. human and equine cases) 

occurred.  In addition to being associated with rivers, concerns about wetlands and 

their involvement in WNV arose.  These concerns were prompted by high mortality 

rates of pelicans at Medicine Lake National Wildlife Refuge. 

Medicine Lake NWR is home to the fifth largest breeding colony of American 

white pelicans (Pelecanus erythrorhynchos Gmelin) in North America (King and 

Anderson 2005) with a current ten-year average of 4,000 nests (Madden and Restani 

2005).  Located above the Missouri River channel in Sheridan County (48º 27’N, 

104º23’W) in northeast Montana (Fig.1.1), Medicine Lake NWR is a prairie wetland 

formed by glacial recession.  The main lake is shallow (maximum lake depth at full 

capacity is 11 feet) with brackish, alkaline water.  Homestead Lake, which is located 

approximately 12.9 kilometers southeast of the main lake, consists of 518 ha.  This 

south tract of land is closed to the public to minimize disturbance of avian breeding.  

Established in 1935 as a waterfowl refuge, Medicine Lake comprises 12,727 hectares 

and serves as a stopover and nesting grounds for migratory waterfowl and shorebirds.  

Approximately 275 avian and 71 mammalian species have been recorded at the 

refuge (http://medicinelake.fws.gov/Wildlife/wildlife.htm).  Prior to the introduction 

of WNV, the pre-fledged mortality in the colony was approximately 4%.  During 

2003, an outbreak of WNV in the colony contributed to an estimated 1,000 deaths 
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which increased the pre-fledged chick mortality to 32%, a percent which has been 

sustained annually through 2006 (Madden B, Personal Communication). 

 The focus of my research was to investigate the components of the WNV 

transmission cycle at Medicine Lake.  To achieve this, I used standard arbovirus 

surveillance techniques to: 1) determine the spatial and seasonal distribution of 

mosquito species, particularly putative WNV vectors; and 2) monitor WNV activity 

levels.  

 

Figure 1.1. Medicine Lake NWR, Montana 
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Materials and Methods 

 
 
Spatial Abundance and Temporal Dynamics 

CDC CO2-baited light traps (John W. Hock & Co., Gainesville, FL) were 

operated weekly or biweekly to determine the spatial abundance and temporal 

dynamics of host-seeking female mosquitoes.  Traps, which were hung on a metal 

tripod at a height of 1.5 m with animal exclosures, were programmed to turn on an 

incandescent bulb and fan at dusk and to release compressed CO2 at a rate of 500 

ml/minute.  Light trap containers with adult mosquitoes were retrieved the following 

morning and were placed in coolers with blue ice while being transported to a -20ºC 

freezer at the refuge headquarters.  Each collection was processed separately on a 

chill table.  Adult mosquitoes were sorted, counted, and identified to species using 

Darcie and Ward (2005).  Sites, habitat description, and collection dates were as 

follows: 

  
Site 1 (Homestead #1) (48º 24.513 N, 104º 34.024 W, 1914’): This site was 

surrounded crested wheatgrass (Agropyron cristatum (L.) Gaertn) and tall 

wheatgrass (Agropyron elongatum (Podp.)).  The trap was unobstructed by 

shrubs and trees.  Vegetation within a 25 meter radius included ragweed 

(Ambrosia spp.), Canada thistle (Cirsium arvense (L.) Scop.), smooth brome 

(Bromus inermis Leyss), prairie cord grass (Spartina pectinata Bosc ex Link), 

snowberry (Symphoricarpos albus (L.) Blake), Missouri goldenrod (Solidago 

missouriensis (Nutt.)), showy milkweed (Asclepias speciosa Torr.), fringed 



 

 

 
 

23 
 

 

sage (Artemisia frigida Willd), Russian thistle (Salsola tragus (L.)), and sow 

thistle (Sonchus spp.). (May 18 – September 8, 2005; May 16 – September 9, 

2006). 

 

Site 2 (Homestead #2) (48º 22.965 N, 104º 34.781 W, 1869’): This site was 

located along the shoreline of Homestead Lake.  Among crested wheatgrass, 

other vegetation within a 25 meter radius included prairie cordgrass, curly 

dock (Rumex crispus L.), lamb’s quarters (Chenopodium album L.), three-

sided bulrush, cattail (Typha spp.), hard-stem bulrush (Scirpus spp.), and 

Canada thistle (Cirsium arvense (L.) Scop.).  (June 7 – September 8, 2005; 

June 12 – September 9, 2006). 

 

Site 3 (Area 1) (48º 29.827 N, 104º 20.269 W, 1914’) This site was located on 

the base of a knoll and within 50 meters of shoreline on opposite sides.  

Surrounding vegetation included Canada thistle, smooth brome, cattail, sow 

thistle, gray goldenrod (Solidago nemoralis Ait.), silver-leaf scurf pea 

(Psoralea argophylla (Pursh)), snowberry, Kentucky bluegrass (Poa pratensis 

L.), prairie sandreed (Calamovilfa longifolia (Hook) Scribn.), reed 

(Phragmites australis (Cav.)), Missouri goldenrod, annual sunflower 

(Helianthus annus L.), bulrush, and dotted blazing star (Liatris punctata 

Hook).  (May 18 – September 8, 2005; May 31 – September 9, 2006). 
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Site 4 (Pelican Trees) (48º 28.064 N, 104º 22.474 W, 1909’)  Formerly the 

headquarters of the refuge, vegetation at this site is predominately caragana 

(Caragana arborescens (Lam.)) and Russian olive (Elaeagnus angustifolia L.) 

with crested wheatgrass, sage (Artemisia spp.), green ash (Fraxinus 

pennsylvanica Marsh), and prairie cottonwood.  (June 14 – September 8, 

2005; May 16 – September 9, 2006). 

 

Site 5 (Tax Bay) (48º 27.776 N, 104º 20.529 W, 1954’) This site is a grove of 

trees and shrubs overlooking Tax Bay.  Traps were located on the south side 

of the grove facing Tax Bay. Vegetation included caragana, Russian olive 

surrounded by smooth brome, crested wheatgrass, quack grass (Agropyron 

repens (L.)), Chinese elm (Ulmus parvifolia Jacq.), and yarrow (Achillea 

spp.).  (June 27 – September 8, 2005; June 12 – September 9, 2006). 

 

Site 6 (Bridgerman Point #1) (48º 31.478 N, 104º 15.008 W, 1911’) This site 

was located on a sandy shoreline near Pelican Point Lookout and was about 

300 meters from the tip of the peninsula where pre-fledged pelicans nest.  

Vegetation upland of the sandy shoreline and within 25 meters included 

prairie cordgrass, Canada wild rye (Elymus canadensis L.), ragweed, showy 

milkweed, fringed sage, wild licorice (Glycyrrhiza lepidota Pursh), 

Maximilian sunflower (Helianthus maximilianii Schrad), willow (Salix spp.), 

Russian thistle, foxtail barley (Hordeum jubatum L.), crested wheatgrass, 
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dotted blazing star, and hairy golden aster (Heterotheca villosa (Pursh) Nutt).  

(June 14 – September 8, 2005; May 16 – September 9, 2006). 

 

Site 7 (Bridgerman Point #2) (48º 28.052 N, 104º 22.600 W, 1955’) This site 

was located on the peninsula in a grove of green ash, elm (Ulmus spp.), and 

chokecherry (Prunus virginiana L.) and was within approximately 150 meters 

from the nesting pelicans.  Surrounding vegetation included Kentucky 

bluegrass, Maximilian sunflower, wild licorice, Canada thistle, Missouri 

goldenrod, snowberry, curly dock, quack grass, smooth brome, and Canada 

wild rye.  (May 31 – September 9, 2006). 

 

Site 8 (Bridgerman Point #3) Located directly in the location where pre-

fledged and adult pelicans roost at night, this site primarily included a grove 

of green ash and chokecherry.  Vegetation within 25 meters of the grove 

included snowberry, prairie sandreed, Missouri goldenrod, dotted blazing star, 

crested wheatgrass, reed canary grass (Phalarus arundinacea L.), wild 

licorice, and Canada wild rye.  (July 19 – September 9, 2006). 

 

Site 9 (Gravel Pit) This site was located along the shoreline of Medicine Lake 

and was adjacent to a small pond which was created as a water source for 

cattle.  Vegetation included snowberry, crested wheatgrass, green ash, 

honeysuckle (Lonicera spp.), Wood’s rose bush (Rosa spp.), showy milkweed, 

currant (Ribes spp.), and smooth brome.  (June 12 – September 9, 2006). 
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Site 10 (Sayer Bay #1) (48º 28.487 N, 104º 20.856 W, 1941’) This site was 

located next to Wood’s rose bush along the shoreline of the main lake which 

predominately included cattail, reed, and hardstem bulrush. Surrounding 

vegetation included chokecherry, currant, reed canary grass, Canada thistle, 

sow thistle, curly dock, and snowberry.  (May 17 – September 8, 2005). 

 

Site 11 (Sayer Bay #2) This site was located along the shoreline of the main 

lake which predominately consisted of cattails and reed.  Surrounding 

vegetation included chokecherry, currant, reed canary grass, Canada thistle, 

sow thistle, curly dock, and snowberry.  (July 7 – September 8, 2005; May 16 

– September 9, 2006). 

 

 Light trap indices (LTI) were used to standardize mosquito counts by dividing 

the number of trapped Cx. tarsalis by the number of light trap nights.  Counts of Cx. 

tarsalis per light trap night were transformed to ln(y + 1) and then compared by an 

analysis of variance (ANOVA) using month and location as main effects. 

 

Virus Identification and Minimum Infection Rates 

Up to ten pools of ≤ 50 adult Cx. tarsalis per site per week were sent to 

Montana Public Health Laboratory for detection of WNV.  Mosquito pools were 

ground in vials with four, 4.5-mm-diameter, copper-clad steel beads in BA-1 diluent 

(1x medium 199 with Hanks’ balanced salt solution, 0.05 M Tris buffer [pH 7.6], 1% 
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bovine serum albumin, 0.35 g of sodium bicarbonate per liter, 100 µg of streptomycin 

per liter, 1 µg of amphotericin B per ml).  Nucleic acid was then extracted from the 

supernatant and purified through a bioMérieux EasyMag extractor (bioMérieux, 

Durham, NC) using automated magnetic silicon extraction.  Purified nucleic acid was 

processed in a bioMérieux EasyQ (bioMérieux, Durham, NC) for amplification and 

detection of WNV (Zanto S, Personal Communication).  Results were used to 

estimate the prevalence of WNV in mosquito populations by using PooledInfRate 

(Biggerstaff 2006) to calculate minimum infection rates (MIR). 

 

Sentinel Chickens  

 Sentinel chickens and mosquitoes were used as surveillance tools in 2005 to 

detect enzootic transmission of WNV.  Handling and housing of captive chickens was 

authorized by Montana State University IACUC Protocol Number 19-05 and 19-05 

(renewed for 2006).  During 2005, two sentinel flocks of five 12-week old Rhode 

Island Red chickens each were placed at two locations in 1.5 x 1.5 x 1.5 meter 

chicken coops surrounded by predator-proof exclosures.  The flock at Site 6 was 

placed behind an electric predator fence, approximately 300 meters from a nesting 

colony of American white pelicans.  The second flock of chickens was placed next to 

a caragana/Russian olive grove at Site 5.  Chickens were bled biweekly July 8 

through September 10 for a total of five serum samples.  Collected blood was allowed 

to clot for one to two hours at room temperature, then spun using a Minispin 

microcentrifuge (Eppendorf, AG, Hamburg, Germany) at 2,500 rpm for 10 minutes.  

Sera was removed from centrifuge tubes, placed in vials, and labeled with chicken 
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identification number and date of collection.  Samples were transported in coolers 

with dry ice to Montana Public Health Laboratory for detection of WNV antibodies 

using Focus IgM-based kits (Focus Technologies, Cypress, CA, USA). 

 

Weather Data 

Daily temperatures and precipitation during 2005 and 2006 were collected by 

Medicine Lake NWR personnel and submitted to the National Climatic Data Center 

at www.ncdc.noaa.gov.  Degree day accumulations were calculated using the daily 

minimum and maximum temperatures and a minimum developmental threshold of 

12ºC as a threshold for development (Bell et al. 2005).  This threshold is based on 

data generated from Cx. tarsalis mosquitoes isolated from and reared in California 

and is therefore likely to be higher than the developmental threshold for females 

collected in Montana. 

Results 
 

2005 

Light traps were operated weekly May 17 – September 9, 2005 for a total of 

98 trap nights.  Nineteen species of mosquitoes were identified from 59,735 

specimens (Table 1.1).  Of these, 13 were floodwater species comprising Aedes and 

Ochlerotatus genera and six temporary pool mosquitoes represented by Culex, 

Culiseta, Coquilletidia, and Anopheles genera.  The most abundant species was 

Ochlerotatus dorsalis (50%), followed by Aedes vexans (22%) and Cx. tarsalis 

(18%).  The latter two species remained abundant throughout the trapping season.  
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Light trap indices for other species that were trapped more than one night are located 

in the Appendix. 

 Overall, 29,870 Oc. dorsalis females were collected, with the highest monthly 

LTI of 748 during July (Table 1.2).  In the same samples, 13,356 Ae. vexans, 3,256 

Oc. flavescens, and 914 Cs. inornata were collected.   Aedes vexans populations 

reached a peak LTI of 632 on July 12, followed by a peak LTI (141) for Oc. 

flavescens population on July 19.  The peak LTI for Cs. inornata of 74 occurred on 

Aug. 9.   

   
 
Table 1.1 Total trap catches by species for 2005 species at  
  Medicine Lake NWR. 

Species 2005 Percent total 
Oc. dorsalis        29,870     50.0 
Ae. vexans       13,356     22.4 
Cx. tarsalis      10,655     17.8 
Oc. flavescens       3,256      5.5 
Cs. inornata         914      1.5 
Oc. melanimon         732      1.3 
Oc. campestris        181      0.3 
Oc. trivittatus          79      0.1 
Oc. spencerii         67      0.1 
Oc. increpitus         47      0.1 
Ae. cinereus         44      0.1 
An. walkerii         23    0.04 
Cq. perturbans         22    0.04 
Oc. excrucians          3 0.005 
An. freebornii          2 0.003 
Oc. idahoensis          2 0.003 
An. earlii          1 0.002 
Oc. nigromaculis          1 0.002 
Oc. solicitans          1 0.002 
Damaged      456   0.81 
Total 59,735    100 
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 Table 1.2. Light-trap indices for the five most abundant mosquito species in 2005.  
Light-trap indices  

 
Month 

 
Trap 

nights 
Oc. 

dorsalis 
Ae. 

vexans 
Cx. 

tarsalis 
Oc. 

flavescens 
Cs. 

inornata 
May   6     5       0      0   0   6 
June 23 313     73      9 46   6 
July 28 748   370 246 72   5 

August 24   43     39 147   8 24 
September 17   40    27     1   0   1 

2005 
Total 

 
98 

 
305 

 
136 

 
110 

 
33 

  
 9 

 
 
In 2005, Cx. tarsalis first appeared in trap collections on June 14 (LTI = 1).  

On July 7, a light trap index (184) for Cx. tarsalis was up substantially from the 

previous week’s LTI of 11.  LTIs remained in the mid to high 200’s throughout July 

and the first week of August.  A sharp decrease in the host-seeking population on 

August 23 was recorded (Figure 1.2).   ANOVA analysis after ln(y + 1) 

transformation of the number of Cx. tarsalis collected per trap night indicated no 

significant difference between sites (F= 0.45, df = 7, 79, p = 0.87, Table 1.3).   

In 2005, 90 pools containing 4,402 females were tested, of which six pools 

were positive.  The minimum infection rate per 1,000 Cx. tarsalis tested for WNV 

was 1.36.  Spatially, MIRs were similar throughout the refuge with the exception of 

site 2.  However, overlap of 95% confidence intervals indicates that although site 2 

had a higher MIR, the difference from other sites was not significant.  The collection 

of mosquitoes which were included in positive pools occurred within a 15 day period 

beginning July 26 and ending August 9 (Table 1.4). 
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Figure 1.2. Light trap indices for Cx. tarsalis, 2005. 
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    Table 1. 3. Total number of host-seeking Cx. tarsalis by  
    site at Medicine Lake NWR during 2005.   

 
Location 

No.  
Cx. tarsalis 

 
LTN 

 
LTI 

H1 1197 14   86 
H2 1910 12 159 
SB1 1060 15   71 
SB2 1302  9 145 
A1 1250 14   89 
TB   458 10   46 
BP 1594 13 123 
PT 1884 10 188 

Total 10655 97 110 
H1: Homestead #1, H2: Homestead #2, SB1: Sayer Bay #1,  
SB2: Sayer Bay #2, A1: Area 1, TB: Tax Bay,  
BP: Bridgerman Point, PT: Pelican Trees 
LTN: Light trap nights, LTI: Light trap index 

 
 
 

Of the 40 post-exposure chicken sera submitted for detection of WNV 

antibodies, three were positive.  The sera came from two different chickens, both of 
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which were in the flock positioned at site 6 (#11 positive on Aug. 4 and Sep. 10, #12 

positive Sep. 10). 

 

Table 1.4. Location and dates of WNV-positive pools of Cx. tarsalis in 2005. 
 

Date 

 

Location 

Positive pools / 

pools submitted 

 

MIR 

7/26/05 SB1 1 / 13 1.67 

7/26/05 BP 1 / 17 1.18 

8/3/05 A1 1 / 17 1.19 

8/3/05 H2 1 / 4 5.04 

8/3/05 PT 1 / 17 1.18 

8/9/05 SB2 1 / 18 1.11 

SB1: Sayer Bay #1, BP: Bridgerman Point, A1: Area 1, H2: Homestead #2, PT: 
Pelican Trees, SB2: Sayer Bay #2 
MIR: Minimum infection rate 

 

 Due to precipitation and refuge management, the main lake was filled with 

water to maximum capacity.  Between June and August, monthly precipitation levels 

ranged from 40.6 mm to 145 mm with total precipitation for the three months of 

243.5 mm (Table 1.5).  Monthly averages of collected Cx. tarsalis ranged from nine 

to 230 with a seasonal average of 110.  Degree heat days totaled 1,308.2. 
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Table 1.5. Maximum and minimum temperatures, average maximum and   
minimum temperatures, degree-days, and precipitation for Medicine Lake 
NWR, 2005.  
 2005 
Temperature (ºC) June July August Total 
  max     32.8       42    37.8 - 
  min      6.7      6.1      3.3 - 
  maxav    23.4    28.4    28.6 - 
  minav   11.2   12.7     9.8 - 
Degree-days 337.5 510.2 460.5 1308.2 
Precipitation (mm.)   145   57.9   40.6  243.5 

 

 

2006 

In 2006, light traps were operated from May 16 - September 9 up to four times 

a week for a total of 164 light trap nights.  Sixteen species of mosquitoes were 

identified from 41,710 specimens (Table 1.1).  Although fewer mosquitoes were 

collected in 2006 than in 2005, relative abundance of species was similar during both 

years.  The most abundant species in 2006 was Oc. dorsalis (38.6%), followed by Ae. 

vexans (30%), Cx. tarsalis (20%) and Oc. flavescens (9.8%). 

 Total Oc. dorsalis, Ae. vexans, Oc. flavescens and Cs. inornata females 

collected were 16,601, 12,879, 4,199, and 326 respectively.  Peak monthly LTIs of 

250 and 262 for Oc. dorsalis and Ae. vexans, respectively occurred during June. Oc. 

flavescens peak population LTI of 79 occurred in June.  The Cs. inornata peak 

population LTI of 4 occurred in August (Table 1.6). 
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Table 1.6. Total trap catches by species for 2006 at Medicine  
Lake NWR.  

Species 2006 Percent total 
Oc. dorsalis     16,601     38.6 
Ae. vexans     12,879     29.9 
Cx. tarsalis       8,604     20.0 
Oc. flavescens       4,199      9.8 
Cs. inornata         326      0.8 
Oc. campestris         229      0.3 
Oc. melanimon          56      0.1 
Oc. trivittatus          44      0.1 
Oc. spencerii          20    0.05 
An. walkerii         15    0.04 
Cq. perturbans         15    0.04 
Ae. cinereus          8    0.02 
An. earlii          8    0.02 
Oc. increpitus          4    0.01 
An. freebornii          3 < 0.01 
Oc. solicitans          1 < 0.01 
Damaged          3 < 0.01 
Total 43,015    100 

 
 
 
 
 
 
 
Table 1.7. 2006 light-trap indices for the four most abundant species at  
Medicine Lake NWR excluding Cx. tarsalis.  

Light-trap indices  
 

Month 

 
Trap 

nights 
Oc. 

dorsalis 
Ae. 

vexans 
Oc. 

flavescens 
Cs. 

inornata 
May   9   32     2   1 1 
June 22 250 262 79 2 
July 73 139  87 33 1 

August 50     5  13   1 4 
September 10     1    8   0 1 

2006 
Total 

 
164 

 
101 

 
80 

 
26 

 
2 
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  In 2006, a total of 8,604 Cx. tarsalis mosquitoes were collected from 10 trap 

sites (Table 1.8).  Of this total, 7,855 (91%) was collected from traps at sites 1 and 

2 at Homestead Lake while only 749 were collected from traps located around 

Medicine Lake.  Because sites 1 and 2 are separated from the main lake (and the 

juvenile pelican colony) by approximately 12.9 kilometers, these two sites were 

removed from further analysis of the refuge for 2006.  Around the Medicine Lake, 

Cx. tarsalis was first collected May 31.  The highest LTI for the Cx. tarsalis 

population, which occurred July 10, was 15.  Instead of a characteristic bimodal 

population trend, such as the one that occurred in 2005, Cx. tarsalis LTIs 

fluctuated throughout the season (Figure 1.3).  Around the Homestead area, Cx. 

tarsalis was first collected June 12.  The population gradually increased 

throughout the season with a peak LTI of 2,699 which occurred August 14.  A 

decline to an LTI of 66 on August 15 was followed by a continued decrease in 

light trap indices for the rest of the season.   

The minimum infection rate in Cx. tarsalis in 2006 was 1.41.  Sixty-four pools 

containing 2,810 females were submitted for WNV detection.  Sites 1 and 2 had two 

positive pools each from a total of 50 submitted pools.  Seasonal MIRs were 

4.74/1,000 for site 1 and 1.04/1,000 for site 2.  None of the fourteen pools of 

mosquitoes collected from the remainder of traps tested positive for WNV.  

Mosquitoes in positive pools were collected from July 26 through August 1. 
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Table 1.8. Number of host-seeking Cx. tarsalis collected  
at each site at Medicine Lake NWR, 2006.  

 
Location 

No.  
Cx. tarsalis 

 
LTN 

 
LTI 

       H1   1,706   19   90 
       H2   6,149   17 362 
     SB1       32   17     2 
       A1     251   19   13 
     BP1       99   19     5 
    BP2       34   15     2 
    BP3         7   10     1 
     PT     153   20     8 
     TB     109   13     8 
    GP      64   15     4 
Total 8,604 164   53 

  H1: Homestead #1, H2: Homestead #2, SB1: Sayer Bay #1, 
  A1: Area 1, BP1: Bridgerman Point #1, BP2: Bridgerman  
  Point #2, BP3: Bridgerman Point #3, PT: Pelican Trees,  

GP: Gravel Pit 
LTN: Light trap nights, LTI: Light trap index 

 
 
 
Figure 1.3. Light trap indices for Cx. tarsalis at Medicine Lake NWR, 2006. 
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A difference in weather conditions in 2005 and 2006 affected resulting 

mosquito collections.  Monthly accumulation of precipitation (Table 1.9) for June, 

July, and August were consistently lower in 2006 than in 2005 as well as the average 

number of mosquitoes which were collected.  Maximum and minimum temperatures 

were also similar for 2005 and 2006.  However, degree day accumulation was greater 

in 2006 than in 2005.    

 

Table 1.9. Maximum and minimum temperatures, average maximum and   
minimum temperatures, degree-days, and precipitation for Medicine Lake 
NWR, 2006. 

 2006 
Temperature (ºC) June July August Total 
  max   32.2    38.3   37.8 - 
  min     2.9      8.3     2.2 - 
  maxav   25.1   32.8   28.6 - 
  minav   10.6   13.3   11.3 - 
Degree-days 363.7 627.7 502.2 1493.6 
Precipitation (mm.)   83.1   19.1   18.5   120.7 

    

 

Discussion 
 

 Relative abundance of species was similar for 2005 and 2006 despite dramatic 

differences in precipitation.  Nineteen species of mosquitoes were identified at 

Medicine Lake NWR from a total of 102,118 specimens.  Ochlerotatus dorsalis was 

the most abundant species (45.5%), followed by Aedes vexans (25.6%), Cx. tarsalis 

(18.8%) and Oc. flavescens (7.3%).  Floodwater mosquitoes accounted for the 

greatest abundance of host-seeking females per trap night until August 9, after which 

the majority were Cx. tarsalis.  The high abundance of floodwater species was due to 
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snow melt and/or rain water flooding low lying areas where oviposition occurred the 

previous summer.  In contrast to floodwater mosquitoes, the population build-up of 

temporary pool mosquitoes such as Cx. tarsalis and Cs. inornata occurs later in the 

summer because they overwinter as adults.  Termination of hibernation as adults is in 

response to an increase in both photoperiod and temperature (Mitchell 1981, Reisen 

1986).  It is presumed that adult survival is low and population growth begins in early 

to mid June.    

 Ochlerotatus dorsalis is a floodwater mosquito that is able to develop in 

highly alkaline water.  Larvae are typically found along edges of lakes surrounded 

with vegetation and marshes or on irrigated land.  The distribution of Oc. dorsalis is 

North America ranges from New York west to California and from the southern parts 

of Canada to the southern tips of Arizona and New Mexico.  The southeast region of 

the United States from Florida up to Maryland and west to parts of Texas seem to be 

excluded from the range of this species (Darsie and Ward 2005).  Ochlerotatus 

dorsalis has been previously documented in Montana as being common along 

irrigated pastures and along the Milk and Yellowstone Rivers (Quickenden 1972).   

 During both years, Oc. dorsalis was abundant throughout the refuge with the 

exception of sites 7 and 8 in 2006.  The ability of larvae to develop in highly alkaline 

water such as that found in Medicine Lake may explain the relatively high abundance 

of this species at the refuge.  In 2005, population build-up was detected June 14 and 

began to decline July 19.  Overall, collections at site 1 accounted for the most number 

of specimens.  The population peaked about two weeks earlier in 2006 than in 2005.  

A dramatic increase in populations occurred twice during both years of surveillance 
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suggests two generations were produced.  Adults may continuously produce broods 

during the summer.  Emergence, therefore, can be explained in part, by the number of 

flooding events which likely included a late spring snowmelt and a period of 

increased precipitation.  This species prefers to feed on mammals including humans, 

cattle, and horses, and will rarely feed on avians (Tempelis 1975).  Therefore, Oc. 

dorsalis is not considered to be important in the transmission of WNV 

 Aedes vexans, which is also a floodwater mosquito, is widely distributed 

throughout the United States, including the southern region of Alaska, as well as most 

of Canada (Darsie and Ward 2005).  This wide distribution is likely due to the ability 

of larvae to develop in a variety of aquatic environments including those with wide 

range of pH, as well as temporary and permanent sources of water such as along lake 

shorelines with surrounding vegetation and in marshes, tires, ditches, irrigated land, 

and potholes. 

Aedes vexans was found throughout the refuge during both years with the 

exceptions of sites 6, 7, and 8.  A difference of two weeks in peak LTIs between 2005 

and 2006 was observed.  The first noticeable population increase began June 20, one 

week after the observed increase began in the Oc. dorsalis population.  Population 

dynamics were markedly different in 2006 than in 2005.  A population increase was 

observed June 18, but tapered off after the initial population peak on June 28.  During 

2005 and 2006, the trap at site 2 collected the most specimens.  This species prefers to 

feed on mammals, especially white-tailed deer (Hayes 1973, Tempelis 1975).  So, 

although Ae. vexans has been demonstrated as capable of transmitting infectious titers 

of WNV (Komar et al. 2003), it is not an important primary or bridge vector. 
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  Ochlerotatus flavescens, another floodwater species that prefers deeper pools 

and marshes and is commonly found on prairies.  Little is known about the biology of 

Oc. flavescens.  Ochlerotatus flavescens is limited to the northern latitudes of the 

United States, and is distributed from New York to Washington, most of Canada, and 

the southern region of Alaska (Darsie and Ward 2005).   

Ochlerotatus flavescens was collected throughout the refuge during both years 

with the exceptions of sites 7 and 8 in 2006.  In 2005, population increases were 

observed June 14 and July 19.  Bimodal increases were also observed in 2006, 

although they occurred closer together (June 21 and July 10).  Traps located at sites 1 

and 2 collected the highest numbers of specimens.  Ochlerotatus flavescens is not 

listed as a species in which WNV has been detected (Centers for Disease Control and 

Prevention website). 

 Culiseta inornata has been documented throughout the United States (with the 

exception of Hawaii and Alaska) as well as most of Canada (Darsie and Ward 2005). 

The distribution of Cs. inornata has been previously reported as favoring timbered 

regions (Quickenden 1972).  This species overwinters as an adult and is characterized 

as a temporary pool species.  Larvae preferentially develop in cold water, and hence, 

this species has been referred to as the snow or winter marsh mosquito.   

 Although in relatively low abundance, Cs. inornata was also found throughout 

the refuge with the exceptions of sites 7, 8, and 9 in 2006.  The low abundance of the 

species is likely to be due to its preference for wooded areas which is a contrast to the 

prairie environment of Medicine Lake.  Culiseta inornata prefers to feed on cattle, 



 

 

 
 

41 
 

 

will rarely feed on birds (Tempelis and Washino 1967, Tempelis et al. 1967), and is 

therefore an unlikely vector of WNV.  

 In 2005, host-seeking Cx. tarsalis abundance was homogenous throughout the 

refuge.  Interestingly, counts of Cx. tarsalis at site 6 (sand beach) were not 

significantly different from other sites which included a variety of habitats reported to 

be ideal for collection of host-seeking females including cattail stands, tree stands, 

and flooded ditches.  In contrast to our results, at least two studies in California have 

reported lower counts at traps placed on sandy beaches (Lothrop and Reisen 2001, 

Reisen et al. 1995).  This emphasizes the effects of geographic location (i.e. strains 

collected in California versus strains collected in Montana) on the biology and 

behavior of Cx. tarsalis.    

A decrease in precipitation in 2006 was likely the most contributing factor to a 

decrease in Cx. tarsalis collections.  Vegetation, including cattails and bulrush, which 

might provide ideal cover for larval production are likely located along the edge of 

the lake where water levels may fluctuate to up to two feet.  However, water levels at 

Medicine Lake are highly impacted by precipitation due to a shallow bathymetric 

profile.  As a result, decreased precipitation during 2006 left the edges and ideal 

mosquito production sites of Medicine Lake dry while water was mostly restricted to 

the deeper, exposed sections of the lake.  In 2006, the only two sites with light trap 

indices comparable to 2005 was located around Homestead Lake, which suggests this 

area may be critical for the persistence of WNV.   Instead of a quadratic population 

growth which was observed in 2005, Cx. tarsalis populations, which reached an LTI 

of only 15 around Medicine Lake, fluctuated throughout 2006. 
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Although monthly degree-day accumulation was calculated for June, July, and 

August in 2005 and 2006, the data should be interpreted with caution.  Reisen et al. 

(2006) estimated the extrinsic incubation period of WNV in Cx. tarsalis to require 

109 degree-days in California, which was used to predict areas of higher risk for 

WNV infection.  Data generated from mosquitoes in California have indicated that 

females rarely experience temperature fluctuations greater than or less than lab-based 

estimates of maximum or minimum developmental thresholds (Meyer et al. 1990).  In 

contrast, mosquitoes in Montana are likely to experience a wider fluctuation of 

temperatures that might have an effect on developmental thresholds and extrinsic 

incubation period estimates.  Until developmental data are generated for Cx. tarsalis 

mosquitoes in the Rocky Mountain region, degree-day values should only be used for 

comparison to values reported from surrounding locations such as North Dakota (Bell 

et al. 2005) rather than for risk analysis. 

Surveillance results indicate Medicine Lake NWR is an enzootic focus of 

WNV.  In addition to approximately 400 suspect WNV-caused mortalities within the 

pre-fledged pelican population in 2005, the spatial and temporal distribution of Cx. 

tarsalis as well as detection of WNV throughout the refuge suggests that transmission 

occurred around the main lake as well as its periphery.  Surprisingly, the MIR for 

2006 was similar to the MIR of 2005.  However, in 2006, positive pools were 

collected from only two sites, both of which are located approximately eight miles 

southwest of the main lake and the pelican colony. 

 Although chickens have been effective sentinels for other encephalitic viruses 

transmitted by Cx. tarsalis including SLE (Day and Stark 1999) and WEE (Smith et 
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al. 1993), they are not an ideal surveillance animal for WNV transmission.  In 2005, 

the first indication of WNV at Medicine Lake NWR was the beginning of an outbreak 

in the pelican colony on July 5.  Positive pools of mosquitoes were collected on July 

26 while seroconversion in chickens was detected August 4.  Initial laboratory studies 

indicated chickens would be competent, effective sentinels (Komar 2001).  However, 

time required for seroconversion after WNV infection may be up to four weeks, 

which may have contributed to the ineffectiveness of chickens as sentinels in the 

field.  For this reason, future surveillance should include the use of alternative 

sentinels including rock doves (Komar et al. 2003) which require less time for 

seroconversion. 
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HOST RANGE IDENTIFICATION FOR CULEX TARSALIS, AEDES VEXANS, 
AND CULISETA INORNATA AT MEDICINE LAKE NATIONAL WILDLIFE 

REFUGE, MONTANA 
 
 

Abstract 
 

 Continued mortality of American white pelican (Pelecanus erythrorhynchos 

Gmelin) chicks attributed to West Nile virus on a wildlife refuge in northern Montana 

resulted in an intensive mosquito and WNV investigation. Mosquito blood-meal 

identification was used to assess which species were utilizing pelicans as a host.  

Three methods were evaluated for collecting blood-fed mosquitoes.  Light traps, a 

gasoline-powered backpack aspirator, and resting pots collected 15, 74, and 0 blood-

fed Aedes vexans (Meigen), 20, 34 and 52 blood-fed Culiseta inornata (Williston), 

and 57, 27 and 35 blood-fed Culex tarsalis Coquillett mosquitoes, respectively.  PCR 

analyses identified 24 hosts from blood-fed Cx. tarsalis (n = 95), Ae. vexans (n = 70) 

and Cs. inornata (n = 38).  Approximately half of the Cx. tarsalis blood-meals were 

avian; 75% from Ae. vexans were deer; and 65% from Cs. inornata were cattle.  Of 

203 mosquitoes tested, only one Cs. inornata was positive for pelican.  These results 

in addition to the abundance or low numbers of Cx. tarsalis around the main body of 

Medicine Lake and absence of virus strongly suggest additional mode(s) of WNV 

transmission are occurring in this pelican colony.  
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Introduction 
 
 

Medicine Lake National Wildlife Refuge is home to the fifth largest breeding 

colony of American white pelicans (Pelecanus erythrorhynchos Gmelin) in North 

America (King and Anderson 2005) with a current ten-year average of 4,000 nests 

(Madden and Restani 2005).  Prior to the introduction of WNV, the pre-fledged 

mortality in the colony was approximately 4%.  During 2003, an outbreak of WNV in 

the colony contributed to an estimated 1,000 deaths which increased the juvenile 

mortality rate to 32%, a percent which has been sustained for five years.  Host 

preference studies have indicated that Culex tarsalis Coquillett does not frequent 

beach shorelines where waterfowl and shorebirds, such as geese, gadwalls, and 

plovers, roost (Lothrop and Reisen 2001).  As a result, these birds have not been 

described as important components of the transmission of WNV.  

Mosquito surveillance in Montana indicated Cx. tarsalis as the main WNV 

vector. WNV prevalence studies conducted in 2005 and 2006 at the refuge resulted in 

Cx. tarsalis minimum infection rates of 1.36 and 1.41, respectively (Ch. 1).  Although 

other modes of WNV transmission have been implicated, the primary route of 

transmission includes viral amplification in Culex species and subsequent host 

infection during blood meals.  After confirming the presence of both the vector and 

the virus, the next step in characterizing WNV transmission in the pelican colony was 

to determine what the vector or vectors were feeding on.   

Therefore, our first objective, was to identify hosts of Cx. tarsalis, Aedes 

vexans (Meigen) and Culiseta inornata (Williston).  Mosquito and WNV surveillance 
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was initiated throughout Montana in 2003 after the arrival of WNV in the fall of 2002 

(Johnson 2005).  Although the majority of pools in which WNV was detected were 

Cx. tarsalis, occasional positives were also isolated from pools of Ae. vexans and Cs. 

inornata.  However, because Cx. tarsalis has been implicated as the main WNV 

vector in Montana, our focus was to identify hosts of Cx. tarsalis.   To collect blood-

engorged Cx. tarsalis, I evaluated three methods which included the use of CO2-

baited light traps, fiber pots, and a gasoline-powered backpack aspirator. 

 
Materials and Methods 

 
Study Area 

A description of Medicine Lake National Wildlife Refuge has been previously 

described (Ch. 1).  Locations and descriptions of the sites where the three methods 

were used for collection of blood-fed mosquitoes are described in more detail with 

the description of each method.   

 
Mosquito Collection  

Three methods were evaluated for collecting blood-fed mosquitoes from 

different habitats around Medicine Lake.  Fiber pots (Western Pulp Products Co., 

Corvallis, OR), molded from recycled wood pulp, in the shape of truncated pyramids 

(height: 28 cm, open end: 28 x 28 cm, closed end: 15 x 15 cm) were spray painted 

black (Komar et al. 1995) and placed in either an open field of crested wheatgrass 

(Agropyron cristatum (L). Gaertn.) (5 pots), in a grove of Siberian peashrub, or 

caragana (Caragana arborescens Lam.), and Russian olive (Elaeagnus angustifdia 

L.) (10 pots at two locations), and along the cattail / bulrush shoreline of Medicine 
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Lake (10 pots).  Pots were placed out in the different sites before sunset for two 

consecutive nights each week from July 6 through September 29.  At each location, 

fiber pots were oriented so that the opening faced west or north (i.e., away from the 

sun).  Mosquitoes were collected the next morning between 7-10 AM with a mouth 

aspirator or battery-operated aspirator and placed in a cooler with blue ice while 

being transported to a -29˚C freezer at headquarters.  

 The second method was a gasoline powered backpack aspirator with a 203 

mm diameter wand (John W. Hock & Co., Gainesville, FL).  Mosquitoes were 

collected weekly from two sites, Sayer Bay #2 (cattails along the shoreline) and 

Pelican Trees (a grove of caragana and Russian olive).  Three aspirations 

approximately 15 minutes each in duration each were taken weekly from July 7 

through August 24.  Collection bags were placed in coolers with blue ice and 

transported to a -29˚C freezer.  Contents of each bag were sorted on a chill table and 

sorted macroscopically and microscopically. 

CDC light traps baited with CO2 (John W. Hock & Co., Gainesville, FL) were 

the third method of collecting blood-fed mosquitoes from July 7 through September 

9.  Traps, which were operated weekly, were hung at a height of 1.5 m, and were 

programmed to turn on an incandescent light bulb and fan at dusk and to release CO2 

at a rate of 500 ml/minute. Light trap containers with adult mosquitoes were retrieved 

the following morning and were placed in coolers with ice while being transported to 

a -20ºC freezer at the refuge headquarters.  Each collection was processed separately 

on a chill table.  Mosquitoes were counted and identified to species using the key 

provided by Darcie and Ward (2005).  Although light traps were operated at eight 
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locations, only collections from traps placed at the two tree groves and cattail / 

bulrush shoreline were used for comparison.  However, all blood-fed Cx. tarsalis, Ae. 

vexans, and Cs. inornata which were collected from all light traps were included for 

host identification.   

 Mosquito counts were ln(y+1) transformed and compared with an analysis of 

variance (ANOVA) using location, method and month as main effects.  In addition, 

relative net precision (RNP) was calculated for the three methods to measure and 

compare the efficiency of collection of blood-fed Cx. tarsalis (Buntin 1994).  

Precision, measured by relative variation (RV) is reported as the percentage of 

standard error to the mean [RV: (standard error / sample mean) * 100].  Sampling 

efficiency, reported as relative net precision (RNP) is a function of precision per unit 

cost and is calculated as: 

RNP = [1 / (RV) (Cs)] * 100 

where Cs is the average amount of time in hours needed to collect, count and transfer 

mosquitoes per collection. 

 
Host Identification  

Blood-engorged females were sorted from the non-blood feds, identified and 

placed individually in microcentrifuge tubes for later assay.  Blood-fed specimens 

were sent to USDA-ARS ABADRL, Laramie, Wyoming and the University of 

Alabama in Birmingham.  Species level identification of hosts was made using 

polymerase chain reaction-heteroduplex analysis (Lee et al. 2002).  Briefly, blood-fed 

mosquitoes were homogenated in DNAzol-BD solution.  DNA pellets were formed 
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after the addition of 80 µl of isopropol to the solution followed by centrifugation.  

DNA pellets were washed with 95% ethanol, centrifuged, and resuspended in 100 µl 

buffer of 10mM Tris-HCl (pH 8.0) and 1 mM EDTA.  PCR products were amplified 

in a thermocycler and combined with driver PCR to form heteroduplex products 

which were then electrophoresed.  Identification of samples was based on comparison 

of mobility of sample bands with mobility of bands from known standards.  In the 

cases where samples could not be identified by comparison of bands, cleaned and 

sequenced PCR products were identified by Blastn searches through the Genbank 

database. 

Results 
 

Method Evaluation   

A total of 70 blood-fed mosquitoes were collected in 2005 from sites used for 

the method comparison (Table 2.1).  Light traps, D-vac and resting pots collected 15, 

74, and 0 blood-fed Ae. vexans, 3, 34 and 52 blood-fed Cs. inornata, and 8, 27 and 35 

blood-fed Cx. tarsalis mosquitoes, respectively.  In total, 282 mosquitoes representing 

6 species were collected from fiber pots, of which, 180 were Cx. tarsalis.  Processing 

time was approximately 10 to 15 min.  D-vac aspirations resulted in the collection of 

894 mosquitoes representing 12 species and included 143 Cx. tarsalis females.  D-vac 

samples usually required between 3 to 5 h of processing.  Eighteen species identified 

from 10,061 mosquitoes, including 3,577 Cx. tarsalis, were collected from light traps.  

Processing time for each light trap sample was approximately five hours.  Among the 

3 methods evaluated, there was no significant difference in the number of blood-fed 

Cx. tarsalis mosquitoes collected per sample (F = 5.5, df = 2, 80, p = 0.006).   
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Values of relative variation indicate that none of the methods evaluated 

provide precise collection of blood-fed Cx. tarsalis.  Typically, RV values ≤ 10 are 

required to indicate efficiency.  RV values were 25.6 for the D-vac, 29.6 for the fiber 

pots, and 43.8 for the light traps (Table 2.2).  Relative variation values were used to 

calculate relative net precision so that the three methods may be compared to each 

other.  Relative net precision values indicate the most efficient method for the 

collection of blood-fed Cx. tarsalis is the use of fiber pots, followed by the use of a 

D-vac.  The least efficient method is the use of light traps. 

 
Host Identification   

Twenty-four hosts were identified from 203 submitted blood-engorged Cx. 

tarsalis (n=95), Ae. vexans (n=70) and Culiseta inornata (Williston) (n=38) (Table 

2.3).  The most prevalent host source (33%) for Cx. tarsalis was human.  Additional 

host sources included mourning dove (23%), deer (13%) and other mammals and 

birds (31%).  Overall, 48% of the identifiable blood meals from Cx. tarsalis were 

positive for avian species.  Seventy-five percent of the identifiable blood meals from 

submitted Ae. vexans were positive for deer while 65% from Cs. inornata were 

positive from cow.   
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Table 2.1. Total number of mosquitoes by species, including number of blood-fed            
specimens, collected by D-vac, fiber pots, and light traps at Sayer Bay #2, Tax Bay     
Trees, and  Pelican Trees during 2005.  

Method  
D-vac (n = 42) Fiber pot (n = 52) Light Trap (n = 29) 

Species Total 
collected 

No. 
blood-fed 

Total 
collected 

No. 
blood-

fed 

Total 
collected 

No. 
blood-fed 

Cx. tarsalis   143    27 180 35 3577 8 
Cs. inornata     91    34   94 52 38     3 
Ae. vexans   440    74     3   0 2,459   15 
Ae. cinereus       2     0     0   0 3     0 
Oc. dorsalis   104     0     3   0 3,022     0 
Oc. melanimon     19     0     1   0 541     0 
Oc. campestris      2     0     0   0 22     0 
Oc. flavescens    76     0     1   0 300     0 
Cq. perturbans     0     0     0   0 7     0 
Oc. trivittatus   11     0     0   0 46     0 
Oc. spencerii     0     0     0   0 16     0 
Oc. nigromaculis     1     0     0   0 7     0 
Oc. idahoensis     2     0     0   0 1     0 
Oc. increpitus     3     0     0   0 6     0 
Oc. solicitans     0     0     0   0 1     0 
An. earlii     0     0     0   0 1     0 
An. freebornii     0     0     0   0 1     0 
An. walkerii     0     0     0   0 13     0 
Total 894 135 282 87 10,061 112 

 
 
 
Table 2.2.   Relative net precision (RNP) values for 3 methods used to collect blood-
fed Cx. tarsalis. 
 
Method Mean SE RV Cs RNP 
D-vac 0.78 0.20    25.6 3.0 1.30 
Fiber pot 0.27 0.08    29.6 0.2 17.1 
Light trap 0.16 0.07    43.8 5.0 0.46 
RV: relative variation = [(standard error / sample mean) * 100] 
Cs: Average number of hours required to process each sample 
RNP: relative net precision = {[1 / (RV) (Cµ)] * 100} 
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 Significantly more blood-fed Cx. tarsalis were collected at Pelican Trees (F = 

5.45, df = 7, 80, p < 0.0001) than at Tax Bay Grass (F = 5.45; df = 7, 80, p = 0.0005) 

or Sayer Bay (F = 5.45, df = 7, 80, p < 0.0001).  The difference between the number 

of blood-fed Cx. tarsalis captured at Pelican Trees and Tax Bay Trees was slightly 

significant (F = 5.45, df = 7 and 80, p = 0.01).   

 Ninety-five blood meals analyzed for July and August show no indication of a 

shift in host feeding by Cx. tarsalis (Figure 2.1).  In July, 27 (43%) and 36 (57%) 

blood meals were identified as avian and mammalian, respectively.  In August, 20 

(54%) were identified as avian and 37 (40%) were identified as mammalian.  Too few 

blood meals were obtained in June and August for comparison.   

 Figure 2.1. Number of avian and mammalian blood meals identified from engorged    
Cx. tarsalis. 
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Table 2.3. Avian and mammalian blood meals in three mosquito species from 
Medicine Lake NWR, 2005. 

 
Cx. tarsalis 

 
Ae. 

vexans 

 
Cs. Inornata 

 
TOTAL 

 
 
 
 

Host 
 

No. /  % 
 

No. /  % 
 

No. /  % 
 

No. /  % 
Avian     
Brown-crested flycatcher 
(Myiarchus 
tyrannulus (Statius 
Muller)) 

   1 / 1.1 
 

      0/ 0       0 / 0     1 / 0.5 

Canada goose 
(Branta canadensis L.) 

   1 / 1.1        0 / 0       0 / 0     1 / 0.5 

Chicken 
(Gallus gallus domesticus) 

   1 / 1.1       0 / 0       0 / 0     1 / 0.5 

Cliff swallow 
(Petrochelidon pyrrhonata 
Vieillot) 

   1 / 1.1       0 / 0       0 / 0     1 / 0.5 

Flycatcher 
(Muscicapidae) 

    1 / 1.1       0 / 0       0 / 0     1 / 0.5 

Gadwall 
(Anas streptera L.) 

    2 / 2.1      0 / 0       0 / 0     2 / 9.9 

Great horned owl 
(Bubo virginianus Gmelin) 

    2 / 2.1       0 / 0       0 / 0     2 / 9.9 

Horned lark 
(Eremophila alpestris L.) 

    1 / 1.1       0 / 0       0 / 0     1 / 0.5 

Mourning dove 
(Zenaida macroura L.) 

22 / 23.2       0 / 0       0 / 0 22 / 10.8 

American white pelican 
(Pelecanus 
erythrorhynchos Gmelin) 

     0 / 0       0 / 0    1 / 2.6     1 / 0.5 

Ring-necked pheasant 
(Phasianus colchius L.) 

   6 / 6.3       0 / 0       0 / 0   6 / 29.6 

Redhead 
(Aythya americana Eyton) 

     0 / 0       0 / 0    1 / 2.6     1 / 0.5 

Robin 
(Turdus migratorius L.) 

   1 / 1.1     1 / 1.4       0 / 0     2 / 9.9 

Ruddy Duck 
(Oxyura jamaicensis 
Gmelin) 

   1 / 1.1       0 / 0       0 / 0     1 / 0.5 

Sharp-tailed Grouse 
(Tympanuchus 
phasianellus L.) 

   3 / 3.1        0 / 0    1 / 2.6       4 / 2 

Spotted-billed Duck 
(Anas poecilorhyncha 
Forster) 

   1 / 1.1       0 / 0       0 / 0     1 / 0.5 

Turkey 
(Meleagris spp. L.) 

     0 / 0       0 / 0    1 / 2.6     1 / 0.5 

Western meadowlark 
(Sturnella neglecta 
Audubon) 

    1 / 1.1       0 / 0       0 / 0     1 / 0.5 
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Table 2.3 continued. 

White-throated towhee 
(Pipilo albicollis Vieillot) 

    1 / 1.1       0 / 0       0 / 0     1 / 0.5 

Subtotal    46 / 48     1 / 1.4   4 / 10.5 51 / 25.1 
Mammalian     
Cow 
(Bos taurus L.) 

    5 / 5.3 11 / 15.7 26 / 68.4  42 / 20.7 

Human 
(Homo sapiens sapiens 
L.) 

31 / 32.6     3 / 4.3   7 / 18.4  41 / 20.2 

Moose 
(Alces alces L.) 

      0 / 0     4 / 5.7       0 / 0         4 / 2 

Muskrat 
(Ondatra zibethicus L.) 

    1 / 1.1       0 / 0       0 / 0      1 / 0.5 

White-tailed Deer 
(Odocoileus virginianus 
Zimmermann) 

12 / 12.6 51 / 72.9     1 / 2.6  64 / 31.5 

Subtotal 49 / 51.6 69 / 98.6  34 / 89.5 152 / 74.9 
Total  95 / 100  70 / 100   38 / 100  203 / 100 

 
 
 

Discussion 
 

If variance and time are used to calculate precision and efficiency, none of the 

evaluated methods are ideal for collection of blood-fed Cx. tarsalis.  If absolute 

numbers of blood-fed Cx. tarsalis are the only desired result, relative variation values 

indicate the D-vac is the best method to use of the three evaluated.  However, 

resources are often limited and must be taken into account when choosing or 

designing collection methods.  Relative net precision values, which include the 

number of blood-fed Cx. tarsalis and the average amount of time required for 

processing, suggest the use of fiber pots is the most efficient method evaluated.  

Because mosquito and WNV surveillance typically includes use of CO2-baited CDC 

traps, I recommend the use of light traps supplemented with fiber pots for collection 

of engorged females.  Historically, resting boxes constructed of plywood or black 
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fiber pots have been successful in collecting blood-fed and gravid Culiseta and Culex 

spp. (Edman et al. 1968, Komar et al. 1995, Wekesa et al. 1996).  Fiber pots are 

inexpensive and easy to use.  Additionally, fiber pots showed no signs of degradation 

throughout the season (though my sites are relatively dry) and were used again in 

2006.  If collection of blood-fed Ae. vexans is desired, use of a D-vac is 

recommended.   

The greatest number of engorged Cx. tarsalis collected was within tree stands.  

Traps in windbreaks of caragana and Russian olive with crested wheatgrass collected 

significantly more engorged females than traps in either cattail/bulrush stands or open 

grass.  Our results support previous reports of optimal diurnal resting sites for female 

Cx. tarsalis which included a shaded microenvironment created by tree stands or 

groves with short, sparsely distributed vegetation such as grasses (Edman et al. 1968, 

Meyer et al. 1990, Weekesa et al. 1996).   

   Host identifications from engorged Ae. vexans and Cs. inornata supported 

previous studies (Tempelis and Washino 1967, Tempelis et al. 1967, Hayes et al. 

1973, and Tempelis 1975) in that the most common host identified from engorged Ae. 

vexans was white-tailed deer, whereas Cs. inornata more often contained blood from 

cattle. 

 The most common host identified from engorged Cx. tarsalis collected at 

Medicine Lake was the mourning dove.  Because host censuses were not recorded, it 

cannot be concluded that mourning doves were preferred over other hosts.   

Numerous reports of a host-shift during mid to late summer have been 

reported in other states.  In this study, no evidence of a host-shift was observed.  
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Reduced mosquito blood-feeding from the avian population, leading to a host-shift, 

has been attributed to host defense behavior (Edman et al. 1972, Nelson et al. 1976. 

Kilpatrick et al. 2006).  However, studies that support this statement have been either 

regression analyses which are used to calculate statistical relationships rather than 

determine cause and effect or they have been caged experiments wherein simulated 

environmental and ecological conditions may have affected both mosquito and avian 

behavior.  Objections aside, if host-defense behavior detracted female mosquitoes 

from feeding on birds, a decrease in the number of avian blood meals would be 

expected.  Although analyses did not differentiate adult and immature birds, my 

results showed no quantitative difference in the number of avian blood meals taken 

by Cx. tarsalis over the course of the summer.     

Knowledge of host-feeding patterns of Cx. tarsalis is essential to 

understanding the transmission of WNV.  Although Cx. tarsalis is a catholic feeder, 

numerous studies have indicated that this species shows a preference for birds.  Of 

8,674 blood-fed Cx. tarsalis collected from six states and eleven counties (including 

those in our current study), the largest number of blood meals identified were 

obtained from birds (61%) including Passeriformes (35%), Galliformes (15.04 %), 

Columbiformes (10%), Falconiformes (0.23%), Strigiformes (0.2%), Anseriformes 

(0.09%), Gruiformes (0.02%), and others (Tempelis and Washino 1967, Tempelis et 

al., 1967, Hayes et al. 1973, and Lee et al. 2002).  Mammals accounted for 36% of the 

identified blood meals.  Day and Stark (1999) relied on avian seroprevalence as an 

alternative method to indirectly determine host preference of mosquitoes.  Results 

from this study should be interpreted with caution in that they simply address 
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exposure and not routes of transmission.  For instance, contact and oral transmission 

of WNV has been demonstrated in geese, ring-billed gulls (Laurus delawarensis 

Ord), blue jays (Cyanocitta cristata Linnaeus), black-billed magpies (Pica hudsonia 

Sabine), and American crows (Corvus brachyrhyncos Brehm) (Banet-Noach et al. 

2003, Komar et al. 2003). 

 Abundance of Cx. tarsalis and WNV infection rates in 2005 indicated that this 

mosquito species had a primary role in epidemics in the pelican colony.  Of 95 Cx. 

tarsalis whose blood meals were analyzed for host identification, none was positive 

for pelican. A possible explanation for lack of pelican host feeding was distance 

between CO2-baited light traps and roosting/nesting pelicans. That year, 

approximately 400 pre-fledged birds died (34% mortality) between July 1 and 

September 12, and these deaths were largely attributed to WNV (Madden B, USFWS, 

personal communication).  Based on 2005 data, I considered the transmission cycle to 

primarily be mosquito-bird-mosquito with bird-to-bird transmission another possible 

mode of virus dissemination. 

The northeast corner of Montana, including Medicine Lake NWR, 

experienced extreme drought conditions in the summer of 2006 (normal precipitation 

from May-August = 223.5 mm; 2006 precipitation from May-August = 120.7).  The 

result was a dramatic decrease in Cx. tarsalis captures in traps located around 

Medicine Lake and adjacent to the pelican colony on Bridgerman Point.  The highest 

number of Cx. tarsalis females collected per light trap night around the pelican 

colony was 15.  The only site with sustained Cx. tarsalis production and WNV 

infected mosquitoes was Homestead Lake, located approximately 20.7 m southwest 
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of the nesting pelican colony at Bridgerman Point.  Despite the substantial decrease in 

Cx. tarsalis captures, approximately 385 pre-fledged pelicans died with WNV 

believed to be a major contributor to this die-off.  In the absence of or low 

populations of Cx. tarsalis and undetectable levels of WNV, it would appear that 

other modes of transmission are involved in spreading WNV to susceptible birds.  It 

is possible that adult pelicans could be reservoirs for the virus by acquiring the 

pathogen on foraging trips and spreading via direct contact among chicks.  This is 

unlikely because the pelicans forage during the day and Cx. tarsalis is active from 

sundown until 1 AM (Johnson G., unpublished data).   

Another possible explanation involves other arthropod vectors including the 

pouch louse Piagetiella peralis (Leidy), louse flies (Hippoboscidae), or soft ticks 

(Argasidae).  Heavy infestations of the chewing louse P. peralis have been observed 

in the pouches of pre-fledged pelicans where infectious titers of WNV may be 

secreted through mucous.  Oral lesions may be one effect of ingestion of skin by P. 

peralis, and may serve as an entry for potential pathogens such as WNV.  

Additionally, P. peralis appears to be highly mobile and can be observed readily 

changing hosts upon contact.  An infestation of louse flies during a 2002 WNV 

epidemic in captive owls at an owl refuge in Ontario, Canada prompted an 

investigation which led to the detection of WNV in 16 of the 18 louse flies which 

were assayed (Gancz et al. 2004).  However, mosquito surveillance was not 

conducted during the epidemic (Gancz A., personal communication), and 

transmission studies of WNV in hippoboscids have been not been conducted.  

Although WNV has been isolated from both ixodid (hard) and argasid (soft) tick 
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species, long-term maintenance of and transmission of WNV has only been 

demonstrated for argasids (Lawrie et al. 2004).  And, although Lawrie et al. (2004) 

demonstrated only low levels of WNV were transmitted from argasids, the 

transmission cycle which was conducted involved argasids and rodent hosts, but 

excluded birds.  Further investigation is therefore needed to determine the role of 

argasids in the transmission of WNV.      
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APPENDIX A 
 

LIGHT TRAP INDICES OF ADDITIONAL MOSQUITOES COLLECTED AT 
MEDICINE LAKE NATIONAL WILDLIFE REFUGE 

 
Note: All population graphs were generated from data collected in 2005.  Population dynamics are not 
reported for 2006 due to drought conditions and the resulting lower light trap indices of mosquitoes. 
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1. Aedes cinereus Meigen 
 
 Aedes cinereus is a univoltine mosquito with populations typically highest in 

early spring.  At Medicine Lake, the peak population occurred June 14 with an LTI 

of 3.5.  The population remained at low levels for the rest of the season.   
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2. Ochleratatus melanimon Dyar  
 
      Oc. melanimon is a floodwater mosquito whose eggs are stimulated to hatch by 

melting snow.  This species exhibited two peaks in population on June 20 and July 

12.  Blood meal analysis indicates this species shows a preference for cattle. 
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3. Ochleratatus campestris Dyar and Knab 
      

       Although previously reported by Quickenden to be relatively low in abundance 

in Montana, Oc. campestris has been associated with irrigated waters and has 

typically been found in catches with Oc. dorsalis.  This species also had a bimodal 

population increase with peaks occurring June 20 and July 12. 
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4. Ochleratatus  flavescens (Muller) 

    
   Oc. flavescens is a floodwater mosquito.  Eggs are stimulated to hatch by melting 

snow and larvae have been found in deeper bodies of water.  Two peaks in light 

trap collections occurred on June 20 and July 19.   
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5. Ochleratatus trivittatus (Coquillett) 

 
Oc. trivittatus is generally associated with river drainages and wooded areas.  

Few females were collected at Medicine Lake NWR, however, the peak LTI of 

4 occurred July 7. 
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6. Ochleratatus  spencerii (Theobald) 

 
Although Oc. spencerii has been reported as a major nuisance mosquito in 

Montana, low numbers were collected at Medicine Lake NWR.  The peak LTI 

of 6 occurred June 20.  The population remained in low numbers for the rest of 

the season with the last specimen collected July 12. 
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7. Oc. idahoensis  (Theobald) 

 
Also reported as a major nuisance mosquito in Montana due to its wide 

distribution, the peak LTI (3) of Oc. idahoensis populations at Medicine Lake 

NWR occurred June 27.  Populations remained relatively low throughout the 

season. 
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