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EXECUTIVE SUMMARY 

A nuisance mosquito control and West Nile Virus Mitigation program was 
conducted within the boundaries of the City of Kelowna, District of Lake Country, a 
small area in West Kelowna and in the East and West Electoral Areas of the 
Regional District of Central Okanagan (RDCO).  Activities included public 
outreach, mosquito surveillance, mosquito control, and habitat modification (tire 
collections).  BWP Consulting Inc. was contracted to conduct all activities under this 
program. 

Approximately 196 potential larval development sites have been identified 
within the boundaries of the mosquito control program, and all were monitored for 
the presence of mosquito larvae in 2015.  Environmental conditions included below-
average snow-pack, higher than average temperatures, and a few significant rainfall 
events in late May and early June.  These conditions resulted in below-average peak 
flow in Mission Creek and generally drier mosquito habitats throughout the 
Regional District.   

A total of 507.5 kg of Vectobac 200G (Bacillus thuringiensis var israelensis) 
was applied by hand and backpack blower to 68.7 ha of standing water.  In 
addition, 182.92 kg of VectoLex WSP (Bacillus sphaericus) was used to treat 18,291 
catch basins within the participating areas (8,870 catch basins in late June and 9,421 
catch basins in late July). 

Public outreach expenditures included the purchase of radio, television and 
Castanet advertising.  Educational booths were held at seven events throughout the 
summer in the participating communities. 

Four adult mosquito trapping sites were selected within the mosquito control 
area (in Winfield, Glenmore, Mission and Oyama).  The traps operated for four to 
seven weeks during which time the contents of the traps were identified to 
determine the mosquito species present at the trapping site.  A total of 2,630 
mosquitoes were captured (with the highest numbers captured in Oyama), 
representing 16 species.  The two primary vectors of WNV, Culex pipiens and Culex 
tarsalis, were found in low numbers at all of the sites (with the exception of Oyama, 
where only Culex tarsalis was found).  The most prevalent nuisance species were 
Coquillettidia perturbans, Ochlerotatus increpitus, and Ochlerotatus sticticus. 

In order to reduce larval development habitat for WNV vector mosquitoes, a 
used tire collection program was conducted in October.  Four drop-off events were 
scheduled throughout the RDCO on October 24th and 25th, and pick-ups were 
scheduled for 23th.  Additional tires were picked up in early November from a 
trailer park in Lake Country.  Over the course of the program, a 3,265 passenger 
tires and 54 transport truck tires were collected for recycling. 
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1.0  INTRODUCTION 

The Regional District of Central Okanagan (RDCO) has operated a nuisance 

mosquito control program for approximately 40 years.  In 2004, with grant funding from 

the provincial government, the program was expanded to target West Nile Virus (WNV) 

vectors in addition to the nuisance mosquitoes.  In 2012, the province stopped funding 

vector control however the RDCO has continued to provide the combined nuisance and 

vector control program.  Historically, work on both of these programs was conducted in-

house, with RDCO staff and summer students responsible for program delivery.  

However, since 2011 our company, BWP Consulting Inc. (BWP) has been contracted to 

conduct the entire mosquito control and WNV prevention program.  The current 

mosquito control program delivery area includes the City of Kelowna, the District of 

Lake Country, a small area of West Kelowna and both Electoral Areas of the Regional 

District. 

1.1.  NUISANCE MOSQUITO CONTROL 

Approximately 196 surface water sites that are capable of producing mosquito 

larvae have been identified within the 2015 mosquito control boundary.  Each year, staff 

are open to searching for or adding new sites as new habitat is discovered or reported by 

landowners requesting treatment.  Sites were visited beginning in late-April, and were 

monitored for the presence of mosquito larvae.  When larvae were found, crews treated 

the sites with a larvicide containing protein crystals produced by the bacterium, Bacillus 

thuringiensis var israelensis (Bti).  This product (generally marketed under the trade 

names Aquabac 200G (PCP #26863, a.i. 2.8%) or Vectobac 200G (PCP #18158, a.i. 

2.8%) is toxic to aquatic members of the Order Diptera, of which mosquitoes are a 

member.  It is virtually non-toxic to other insect Orders, as well as fish, reptiles, 

amphibians, birds, and mammals.   

Most of the typical nuisance mosquitoes belong to the genera Aedes and 

Ochlerotatus.  These mosquitoes usually produce a single generation of offspring. 

Female nuisance mosquitoes typically take only one blood meal and lay only one brood 

of eggs, usually on moist ground that is occasionally flooded.  These nuisance 

mosquitoes (also referred to as floodwater mosquitoes), typically hatch in high numbers 

when water levels rise in the spring as a result of snowmelt or rising rivers and creeks.  
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When uncontrolled, these mosquitoes can emerge as adults in large swarms that will live 

for 2 to 6 weeks depending on the species and the weather.  These species are usually at 

their peak in June or early July.   

This year, there were 20 calls from residents to the BWP Consulting Inc Toll-Free 

Mosquito Reporting Line.  Most of the callers were just checking in to see if habitats in 

their area were being monitored.  All call were responded to within 24 hours and field 

crews visited each area as needed.  There were no nuisance mosquito outbreaks this year. 

1.2.  WEST NILE VIRUS PREVENTION PROGRAM 

In addition to the nuisance program described above, RDCO has conducted a 

WNV Risk Reduction Program for the past ten years.  Mosquitoes capable of transmitting 

the virus differ from typical nuisance species in that they are multi-generational, whereby 

a female mosquito will take multiple blood meals in her life and lay multiple broods of 

eggs on the surface of permanent stagnant water.  In contrast, potential WNV vector 

species tend to be found in lower concentrations that grow exponentially over the course 

of the summer as each subsequent generation joins the preceding generation and lays 

ever-increasing numbers of batches of eggs.  These species populations tend to peak 

between late July and mid-September.   

In addition, because it is impossible to completely eradicate these mosquitoes (the 

best we can hope for is to keep their numbers below critical levels), educating the public 

to protect themselves from these species is also important.  Therefore, in addition to the 

larviciding component of the WNV Risk Reduction Program, there is an important public 

outreach component.  

Finally, a mandate of Integrated Pest Management is to use non-pesticide control 

whenever possible.  To this end, we completed a habitat modification program aimed at 

reducing the numbers of old tires (which hold standing water and can be ideal mosquito 

larval habitats) in landowners’ yards throughout the participating areas (City of Kelowna, 

District of Lake Country, and the East and West Electoral Areas). 

1.3.  WHAT IS WEST NILE VIRUS, AND WHY IS IT A CONCERN? 

West Nile Virus (WNV) is a relatively new disease in North America.  It was first 

detected in New York City in the summer of 1999, after the deaths of countless American 

Crows (Corvus brachyrhynchos).  That summer, 62 human cases of WNV were identified 
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in New York, resulting in seven human deaths.  At that time, it was unknown if the 

outbreak would be an isolated event, and there were questions surrounding the ability of 

the virus to survive North America’s winters.  The following spring, these questions were 

answered as the virus reappeared and rapidly started its “migration” across the continent. 

For the next two years, viral activity was confined primarily to the east coast of the U.S. 

and Canada, but in 2002 it advanced quickly across the continent and by 2003 there were 

large outbreaks in the Canadian prairies.  By 2006, WNV was detected in every 

contiguous U.S. state and in most of the provinces of Canada (except British Columbia 

(BC) and some of the Maritime Provinces).   

In August of 2009, the first human, non-travel-related, cases of WNV were found in 

the Okanagan, signaling the arrival of the disease in BC.  By October of 2009, two 

locally-acquired human cases were reported in BC, as well as two horses and ten 

mosquito pools.  In 2010, one person in the central Okanagan tested positive for WNV, 

and five birds from the central Okanagan tested positive for the virus.  There was one 

equine case of WNV confirmed in the Central Okanagan in 2011.  In 2012, no cases of 

WNV in humans, birds, mosquitoes or horses were identified.  In 2013, there was one 

confirmed case each of humans, birds, horses and mosquito pools being infected with 

WNV as of early December, all in the Okanagan.  In 2014, once again no cases of WNV 

in humans, birds, mosquitoes or horses were identified.  The BCCDC has stopped testing 

for WNV in birds and mosquitoes under the assumption that the WNV is present in the 

province and further testing is unnecessary.  

In Canada this year, 73 cases of WNV were reported (primarily in Quebec and 

Ontario) (BCCDC 2015) compared to 21 human cases in 2014, 108 cases in 2013 and 

402 human cases in 2012 (Government of Canada, 2015).  In the US, 1,996 cases of 

WNV (including 111 deaths) were reported by December 16, 2015 (CDC, 2015), 

compared to 2,205 cases (including 97 deaths) in 2014, 2,469 cases (including 119 

deaths) in 2013 and 5,674 cases (and 286 deaths) in 2012. 

1.4.  WEST NILE VIRUS LIFE CYCLE 

WNV is primarily a disease of birds, especially those of the Corvid Family (crows, 

ravens, jays, and magpies).  It is transmitted from host to host through the bite of 

particular species of mosquitoes. While a number of mosquito species are considered 
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potential vectors, as you will read later in Section 7.0 , it is widely accepted that the two 

primary species for concern in Western Canada are Culex tarsalis and Culex pipiens.  

These species play different roles in the transmission of the virus, but both should be 

considered equally important.  

When a bird is bitten by an infected mosquito, the mosquito injects the virus into 

the bird.  The immune systems of some bird species are able to fight the virus and do not 

allow the virus to replicate significantly.  Members of the Corvid family, however, are 

especially susceptible to the virus: inside of these birds, the virus replicates rapidly and is 

soon present in high concentrations in the blood.  When other mosquitoes bite the 

infected bird, they contract the virus and become infected themselves.  Approximately 9-

12 days later, the newly infected mosquitoes are able to transmit the virus when they next 

bite. 

In British Columbia, as in most of western Canada and the United States, the 

species of mosquito known as Culex pipiens is responsible for “amplifying” the virus in 

the bird population.  This species of mosquito feeds almost exclusively on birds, and will 

take numerous blood meals in a summer, so it has a number of opportunities and thus an 

increased probability of biting an infected bird and subsequently transmitting the virus to 

a new host.  Each time a female feeds, she then develops a brood of eggs and lays them 

on stagnant water.  With each successive generation, the number of individual 

mosquitoes grows exponentially, simultaneously increasing the chance of a Culex pipiens 

feeding on an infected bird and communicating the virus.  Populations of this insect peak 

in August, as do the number of cases of WNV in both birds and humans.  Culex pipiens 

are common in urban settings and will readily breed in common water-holding containers 

such as bird-baths, old tires, eaves troughs, wheelbarrows, etc.  This species can also 

breed in exceptionally large numbers in urban catch basins. 

Once the virus has increased, or amplified, in the bird populations, the risk of spill-

over into other hosts increases.  A second species of mosquito, Culex tarsalis, is most 

often implicated in this bridging of the virus from bird populations to mammals.  This 

species of mosquito also has multiple generations each summer and takes numerous 

blood meals.  Some recent Canadian studies suggest that the number of generations that 

can be produced in a summer is related to the number of degree-days above 14.3°C. The 
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BC Center for Disease Control has produced a “degree-day” map of BC and has found 

that many areas of the Okanagan, Thompson-Nicola and Fraser valleys including the 

RDCO fall in an annual degree-day range of 650-750 degree-days (Figure 1).  This 

translates into a potential for 5-7 generations (or more) of Culex tarsalis per summer. In 

the early summer, Culex tarsalis plays a significant role alongside Culex pipiens in the 

amplification of the virus, and later in the summer becomes a significant vector of WNV 

to humans.  What is different about this species is its willingness to take blood meals 

from bird hosts as well as mammal hosts, especially later in the summer.  Therefore, if an 

individual of this species takes a meal from an infected bird, it may – during a subsequent 

feeding – transmit the virus to a human, horse, or other non-avian host. 

In humans, the virus rarely causes serious illness; however, in approximately 20% 

of infections, humans can experience flu-like symptoms.  In less than 1% of human cases, 

WNV can cause inflammation of the brain and/or spinal cord (a condition called 

meningioencephalitis), which can occasionally result in death. 

 

Figure 1. Base 14.3°C degree-day map for BC, 2014 (from BCCDC, 2014) 
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2.0  ENVIRONMENTAL FACTORS 

Mosquitoes are similar to most other flies in that they pass through seven stages 

during their life cycle: egg, four larval instars, pupa, and adult.  Their eggs are laid in 

water or on moist soil, and the larvae require stagnant, relatively low-oxygen standing 

water to mature and pupate.  As adult mosquitoes are generally hardy and able to survive 

in a wide range of environments, mosquito populations are generally restricted only on 

the basis of suitable larval habitat.  Unlike other areas of the southern interior of BC, the 

geography of the RDCO is not dominated by a river valley that is subject to flooding, but 

rather the large lakes of the Okanagan drainage.  Therefore, many of the larval 

development sites are permanent and semi-permanent ponds that produce both nuisance 

species (when melting snow raises water levels in the spring, causing the nuisance eggs 

to hatch) and WNV vector species capable of laying their eggs on the surface of the 

water.  Low-lying areas along Mission Creek are one significant departure from this 

norm, as relatively large areas are flooded in high water years, producing significant 

larval development habitat.  Snow pack, coupled with temperature and precipitation, are 

the predominant factors affecting both snow-melt pools and rates and heights of creek 

floods. 

2.1.  SNOW PACK 

Snow pack describes the volume of snow in a given area based on its water 

equivalent, or weight, rather than depth.  This provides an objective means of measuring 

the absolute volume of snow that has accumulated at a site, since measuring depth alone 

does not take into consideration variations in snow density.  Water equivalents are 

generally measured using snow pillows which are large plastic bags containing 

antifreeze.  A pressure sensor records the weight of snow on top of the snow pillow, and 

converts this value to a volume in millimeters of water.  The B.C. Ministry of 

Environment operates a number of these snow pillows throughout the province to 

determine the snow-pack in key watersheds.  One of these stations is located at the top of 

the Mission Creek watershed at 1,794m elevation (Station 2F05P).   

Snow pack at Mission Creek was near average from until early January, and 

increased at a slower than usual rate, reaching approximately 80% of average by early 
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May (Figure 2).  Snowpack gradually decreased to zero by the beginning of June, 

approximately one month earlier than usual, and was considerably lower in 2015 than in 

the past couple of years. 

 

Figure 2.  Snow pack at Mission Creek (Ministry of FLNRO Site 2F05P) in 2015, 
compared with recent years and historical max, min and average (1969-
2015). 

2.2.  TEMPERATURE AND PRECIPITATION 

While the overall volume of snow (described by snow pack) dictates, to a large 

extent, the total discharge carried through the watershed, the timing of the melt (and 

therefore the timing and magnitude of peaks in river flow) are strongly influenced by air 

temperature and precipitation.  Warmer than average temperatures or large amounts of 

precipitation can result in rapid snow melt, and consequently, rapid rises in river levels.  

As well, rain falling on snow is not absorbed into the ground, which acts as a buffer, but 
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typically runs over the surface of the snow and is discharged into tributaries, and also 

speeds snow melt.  This can result in extremely rapid rises in water level and significant 

flooding.  In 2015, above-average temperatures (Figure 3) and near-average rainfall in 

May and June (Figure 4) resulted in a rise in water levels in Mission Creek in early May, 

and then high air temperatures and high rainfall in early June caused Mission Creek to 

peak on June 4th (Figure 5). 

 
Figure 3.  Minimum and maximum daily temperatures (°C) measured at 

Environment Canada weather station Kelowna (1123939). 
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Figure 4.  Daily precipitation measured at Environment Canada weather station 

Kelowna (1123939). 

2.3.  FLOW LEVELS 

Flow levels in Mission Creek climbed in early May and fluctuated according to 

temperature and precipitation until rising to the annual peak on June 4, 2015 in response 

to warm air temperatures and high precipitation (Figure 3, Figure 4, Figure 5). 

The maximum instantaneous discharge (based on individual discharge 

measurements measured every five minutes, as opposed to average daily discharge) of 

35.4 m3/s on June 4th was lower than that recorded since 1997, and considerably below 

the average maximum over the past 19 years of 65.3 m3/s (Table 1). 
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Figure 5.  Average daily discharge for 2015 measured on Mission Creek (WSC 
Hydrometric Station #08NM116) near East Kelowna, BC, compared with flows 
from recent and high-water years. 
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Table 1.  Summary of maximum instantaneous discharge for Mission Creek near 
East Kelowna between 1997 and 2015. 

Year 
Maximum Instantaneous 

Discharge (m3/s) 
Date when maximum 

occurred 
1997 97.6 May 31 
1998 52.8 May 01 
1999 65.7 Jun 24 
2000 65.5 Jun 15 
2001 46.2 Jun 02 
2002 66.5 May 22 
2003 46.4 Jun 14 
2004 58.5 Jun 06 
2005 67.1 May 16 
2006 87.8 Jun 15 
2007 47.6 Jun 05 
2008 76.1 May 26 
2009 41.6 May 31 
2010 52.9 Jun 22 
2011 65.8 Jun 08 
2012 93.2 Jun 10 
2013 114.8 Jun 20 
2014 58.8 Jun 13 
2015 35.4 Jun 04 

3.0  LARVAL MOSQUITO SURVEILLANCE AND TREATMENT 

3.1.  LARVAL SURVEILLANCE 

This year, BWP initiated the surface water larval monitoring nearly 6 weeks earlier 

than usual (in March), due to unseasonably warm spring weather.  Larval development 

sites were monitored for the presence of larvae, with particular attention paid to habitats 

near Curtis Road, Glenmore Landfill and Quail Ridge.  Under provincial legislation, all 

water that is to be treated for mosquito control must first be sampled to confirm the 

presence of larvae.  A 350 ml mosquito dipper was used to sample water from various 

locations around potential sites and the number of larvae captured in the dipper were 

counted and recorded.  When larvae were present, treatments were conducted with 

permission of the appropriate landowner or agency.  A summary of all monitoring and 

treatment data is provided in Appendix I.   

Catch basins throughout the City of Kelowna and Lake Country were monitored 

using an aquarium net attached to a piece of doweling starting in mid-June.  The net was 
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lowered through the catch basin grates and swished in a figure-eight pattern for 20 

seconds and then rinsed in a bucket with clean water to check for larvae.   

3.2.  LARVICIDING ACTIVITIES 

3.2.1. Surface water monitoring and larviciding 

The RDCO has a Pest Management Plan (Confirmation Number 142-0027-

11/16), and all mosquito control activities were conducted under this plan. 

Vectobac 200G (PCP #18158) was the biological larviciding agent that was used 

to treat surface water sites in the RDCO this summer.  This product contains metabolites 

of the bacteria Bacillus thuringiensis var israelensis.  Vectobac 200G is highly specific to 

mosquito larvae.  When applied according to the label, amphibians, fish, bird, mammals 

and even other insects and invertebrates that ingest the product are unharmed.  It is a 

granular product that is formulated on ground corn cob so it can be easily distributed onto 

the surface of mosquito larval development habitat by hand or by helicopter.  Vectobac 

200G has no residual action and will only kill the larvae that are present in the water at 

the time of application.  A total of 507.5 kg of Vectobac 200G was applied to 68.7 ha of 

surface water containing mosquito larvae this year (Table 2), compared with 413.06 kg 

applied in 2014, 517.16 kg applied in 2013, 488.89 kg applied in 2012 and 489.01 kg in 

2011. 

Table 2.  Summary of surface water larviciding conducted in participating areas of 
the RDCO in 2015, by area. 

Area 
Amount of 
larvicide (kg) 

Area treated 
(ha) 

Airport  24.0  3.2 

Downtown  12.0  1.6 

Gallagher's  29.5  3.9 

Glenmore  244.8  32.7 

Mission  75.1  9.9 

Rutland  23.0  3.1 

Westside  1.0  0.1 

Winfield/Oyama  98.1  14.2 

Grand Total  507.5  68.7 
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3.2.2. Catch basin larviciding 

VectoLex WSP (PCP #28009) was used to treat catch basins in the RDCO this 

year.  VectoLex WSP is formulated in 10g pouches and a single pouch is dropped into 

each catch basin.  Bacillus sphaericus is the active ingredient in VectoLex WSP.  The 

mode of action of the bacteria is similar to Bti in that it produces toxins that attack the gut 

of mosquito larvae.  The benefits of Bacillus sphaericus are also similar to those of Bti in 

that it is virtually non-toxic to non-target organisms while being very effective and 

specific to mosquito larvae.  This product works better than Bti when applied to highly 

organic larval habitats and it has the added benefit of maintaining its effectiveness for up 

to 28 days and thus can control multiple generations of larvae with a single application, 

as is desirable when controlling Culex pipiens in catch basins. 

Catch basins in Lake Country and Kelowna (as well as a small portion of West 

Kelowna that is part of the nuisance program) were treated twice this summer.  The first 

catch basin blitz occurred between June 29th and July 1st, and 8,870 catch basins were 

treated with 88.70 kg of VectoLex WSP.  Catch basins were treated a second time 

between July 27th and 30th, when a total of 9,421 catch basins were treated with 94.21 kg 

of VectoLex WSP. 

 
Figure 6. VectoLex WSP, 10g water-soluble pouch for larval mosquito control in 

catch basin. 
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4.0  TIRE COLLECTION PROGRAM 

One of the main WNV vector species, Culex pipiens, typically rears in small 

containers in urban or semi-urban areas.  As part of our public outreach program, 

residents are encouraged to remove or replace on a weekly basis standing water on their 

property. This serves to minimize larval development habitats and reduce overall vector 

numbers.  However, one common site on many people’s property that is difficult to keep 

free of standing water is old tires.  These accumulate water from precipitation or 

irrigation, and this water is typically filled with organic material, resulting in a warm and 

ideal rearing habitat for mosquito larvae.   

In order to reduce this problem, the RDCO has been offering an annual free tire 

pick-up/drop-off recycling program, whereby tires can be dropped off at one of a number 

of events at various locations throughout the RDCO.  This year, appointments could also 

be scheduled for tire pick-ups for those individuals unable to attend the drop-off events.  

Collection service was available to residents of the City of Kelowna, District of Lake 

Country and the West and East Electoral Areas.   

Bruce Smith arranged the advertising of the tire collection program this fall.  

Advertisements of the event dates and call numbers to schedule a pick up were placed in 

the Kelowna Courier, Kelowna Capital News, and the Lake Country Calendar.  

Advertising was also purchased on Castanet.  In addition, Bruce Smith issued a media 

release to promote the program.  A survey was conducted at three of the drop-off 

locations, asking residents how they had found out about the event.  The results of this 

survey are displayed in Table 3. 
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Table 3. How visitors to the tire drop-off events learned about the event(s). 

Media 
KLO UBCO 

Campus 
North Glenmore 

Elementary 
Lake Country 
Swallwell Park 

Capital News 53  2 
Kelowna Courier 17  4 
Kelowna Now/ Kelowna Today 1  1 
The View   3 
Lake Country Calendar 1  31 
Castanet 16 5 9 
“Newspaper” 2 65  
Facebook Page 1  1 
“Internet” 4  1 
Word of mouth 6 4 1 
“Radio” 7  3 
Saw advertising on trailer at the 
event 

3  3 

Visitor did not remember or 
know 

8  6 

Total Recorded 119 74 65 
 

Tires were picked up from various residences on Friday, October 23th, on October 

24th drop-offs were accepted at North Glenmore Elementary School and at Okanagan 

College in Kelowna (Figure 7) and on October 25th drop offs were accepted at Casorso 

Elementary School in Kelowna and at Swalwell Park in Lake Country.  One of the sites 

that we visited on October 23rd (a trailer park in Lake Country) had a large number of 

tires remaining after our initial pick-up, so we returned in early November and removed a 

large number of tires.  A summary of the numbers of tires collected at the four drop-off 

events is given in Table 4.  Response to the drop-off program was about 30% higher than 

that of the last two years.  A total of 3349 tires were collect this fall as compared to 1,999 

tires in 2014, and 2,208 in 2013.  Residents made a number of very positive comments 

regarding the program while dropping off tires. 
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Figure 7. West Nile Virus Risk Reduction Tire Collection Event at Okanagan 
College, October 19th, 2013. 

Table 4.  Summary of tires collected for recycling in 2015. 

Area 

Number of 
passenger tires 

Number of 
semi tires 

KLO   

Rimmed  274   

Unrimmed  505   

Glenmore   

Rimmed  68   

Unrimmed  323   

Casorso   

Rimmed  113  9 

Unrimmed  296  2 

Lake Country   

Rimmed  91   

Unrimmed  269   

Pick Ups   

Rimmed  171  34 

Unrimmed  140  2 

Lake Country Pick‐up   

Rimmed  813  5 

Unrimmed  202  2 

Total:  3,265  54 
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5.0  PUBLIC OUTREACH 

As mentioned in Section 1.2. it is not possible to eradicate the vector mosquito 

species responsible for the transmission of WNV.  For this reason, it is important that 

people are made aware of the potential risks, and taught methods to reduce these risks.  

WNV vector species populations tend to peak in late summer, at a time when people have 

often lowered their guard with respect to protecting themselves from mosquito bites.  We 

can reduce the risk of individuals contracting the virus by reminding them to use simple 

precautions for avoiding mosquito bites.  These include: using insect repellents such as 

those containing DEET; wearing light-coloured, long sleeved clothing; avoiding outdoor 

activities during dawn and dusk (when these mosquitoes are most active); ensuring that 

screens on windows don’t have holes; and reducing larval development habitats around 

their residences.  In order to convey this information to the public, we used a number of 

strategies, including radio, and internet advertisements, staffing informational booths at 

public events, and developing educational poster boards and brochures. 

5.1.  RADIO AND INTERNET ADS 

In 2015, Bruce Smith, Communications and Intergovernmental Affairs Coordinator 

for RDCO purchased and oversaw the RDCO Mosquito Control advertising campaign.  

Ads were placed on Castanet.net as well as radio stations AM 1150, EZ Rock 101.5, 

Power 104 and Q 103.1.  The RDCO also funded a two month summer Public Service 

Announcement campaign on SHAW Central Okanagan TV and five cable Specialty 

Channels.   

In addition to the advertising, the Regional District also produced a number of 

media releases and Public Service Announcements about the program and its various 

activities and as a result BWP staff were interviewed by local newspapers, and Global 

television.  In all cases, information was presented concerning the components of the 

mosquito control program as well tips for reducing the risk of WNV. 

5.2.  PUBLIC OUTREACH 

During the summer, our staff members set up and tended a West Nile Virus 

Education Booth at seven events (Table 5, Figure 9).  Along with the informational 

banners, live larvae were displayed, and adult mosquitoes were available for viewing.  

Literature including the brochure developed for RDCO, the Interior Health Authority 
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WNV pamphlet “Put the Bite on West Nile Virus”, a Health Canada pamphlet, an 

information sheet concerning DEET, and numerous handouts describing the WNV in 

horses were made available the booth.  Last spring, some temporary tattoos and mosquito 

activity books were purchased as handouts for children and these were also available at 

the booths (Figure 8 & Figure 9) 

Table 5.  Summary of educational events attended by BWP staff in the RDCO in 
2014. 

Date Event Location 
July 1 Canada Day Waterfront Park, Kelowna 
July 8 Farmer’s Market Dilworth, Kelowna 
July 10 Farmer’s Market Lake Country 
July 12 Fintry Fair Fintry Provincial Park 
July 22 Farmer’s Market Dilworth, Kelowna 
August 8 Kelowna Block Party Downtown Kelowna 

September 20 Kokanee Salmonfest Mission Creek Regional Park, 
Kelowna 

 

 

 

Figure 8. Temporary Tattoos designed and purchased in the spring of 2014. 

 



Regional District of Central Okanagan Mosquito Control Program, 2015 

BWP Consulting Inc. Page 20 

 

Figure 9. Cover of 18-page activity book purchased in 2014.  Back cover has 
RDCO logo and contact information. 

6.0  ADULT MOSQUITO SURVEILLANCE  

Adult mosquitoes were trapped in the RDCO to determine which species were 

present and their relative numbers.  Since only a few mosquito species are capable of 

transmitting WNV, it is important to know which species are present in an area, and the 

size of their populations when determining a level of risk for an area.  Also, since some 

species can pose a significant nuisance problem, it is important to monitor the 

populations of nuisance mosquitoes as an assessment of the efficacy of the nuisance 

mosquito control portion of the project. 

6.1.  METHOD OF ADULT SURVEILLANCE 

Adult mosquitoes were captured with the use of CDC black-light mosquito traps 

(Figure 10).  The CDC traps are operated with a 6V, 12 Amp hour battery which runs the 

trap for up to 24 hours.  The traps are equipped with a photocell to detect dawn and dusk 
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(when mosquitoes are most active).  At dusk, a fluorescent black-light and a small fan 

start operating (there is a photo sensor built into the traps to detect dawn and dusk).  

Mosquitoes are attracted to the light and, when they come near the fan, they are “sucked” 

into a collecting jar.  In addition to the light, dry ice is placed in a beverage cooler 

adjacent to the trap.  Dry ice sublimates into carbon dioxide, a powerful mosquito 

attractant that brings mosquitoes near the collecting fan. 

Four trapping locations were selected within the boundaries of the mosquito 

control program, in Winfield, Glenmore, Mission and Oyama.  Seven sets of samples 

were collected in Glenmore and Mission, six sets were collected in Oyama and four were 

collected in Winfield. Traps were initially set in early June and samples collected the 

following day.  Sampling was conducted on a weekly basis between June 12th and August 

22nd.  Trap contents were shipped to Kamloops for identification to species level (Table 6 

to Table 9). 

 

Figure 10.  CDC mosquito black-light trap. 

6.2.  RESULTS OF ADULT MOSQUITO SURVEILLANCE  

The following Sections include the results of all adult mosquito surveillance 

conducted in the RDCO in 2015.  There were total of 2,630 specimens representing 16 

species captured from all six of British Columbia’s mosquito genera.  The two most 
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important vectors of WNV, Culex pipiens and Culex tarsalis, were both captured all of 

the sites except Oyama, where only Culex tarsalis was captured.  The primary nuisance 

species captured were Coquillettidia perturbans, Ochlerotatus increpitus, and 

Ochlerotatus sticticus.  The traps in Mission and Oyama caught considerably more 

mosquitoes than the Winfield and Glenmore traps, together trapping about 83% of all of 

the mosquitoes captured this year. 

6.2.1. Adult mosquito trapping in Winfield 

The first light-trap was located in Winfield.  Over the course of four trapping 

nights, 151 mosquitoes from nine species were captured.  This is down somewhat from 

the 313 mosquitoes captured in 2014, likely due to the shortened sampling period 

compared to that year (when samples were collected on eight nights).  The most common 

species present was Culex pipiens, a primary WNV vector species. 

Table 6.  Numbers of adult mosquitoes captured each week in a CDC black-light 
trap in Winfield. 

  Date (2015)   

Species 
Jun 
19 

Jun 
23 

Jul 
10 

Jul 
17 

Total 

Aedes vexans 1 2 3 
Anopheles punctipennis 2 1 3 
Coquillettidia perturbans 1 1 
Culex pipiens 3 22 39 64 
Culex tarsalis 9 4 4 17 
Culiseta incidens 1 1 
Culiseta inornata 1 1 
Ochlerotatus increpitus 1 21 3 25 
Ochlerotatus sticticus 2 2 
Mosquito unidentifiable* 12 3 5 20 
Ochlerotatus male unidentified** 13 1 14 
Total Number Captured 1 63 35 52 151 
No of males (out of total above)   14 1 12 27 

*Specimen too damaged to be identified 
**Ochlerotatus males can be difficult to identify 
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6.2.2. Adult mosquito trapping in Glenmore 

A second light trap was located at the landfill site in Glenmore, and operated once 

per week for seven weeks.  Over the course of the summer, 296 mosquitoes representing 

ten species were captured, down from the 837 mosquitoes caught here in 2014.  The most 

prevalent species found was the primary WNV vector species Culex tarsalis (169 

specimens, or 57% of the total number caught).   

Larval monitoring and control was initiated nearly 6 weeks earlier than normal in 

the Glenmore area and repeated treatments were made throughout the season.  This 

appears to have made a considerable difference in trap counts this season.  In 2014, 104 

Culex pipiens, 153 Ochlerotatus dorsalis and 121 Ochlerotatus sticticus were captured 

compared to six, three and zero specimens respectively of these mosquitoes this year.   

Ochlerotatus dorsalis and Ochlerotatus sticticus are ferocious nuisance mosquitoes and 

Culex pipiens is a primary WNV vector species.   

Table 7.  Numbers of adult mosquitoes captured each week in a CDC black-light 
trap at the landfill in Glenmore. 

  Date (2015)   

Species 
Jun 
19 

Jun 
23 

Jul 
04 

Jul 
10 

Jul 
17 

Aug 
08 

Aug 
22 

Total 

Aedes vexans 3 3 
Anopheles earlei 1 1 
Anopheles freeborni 1 2 1 4 
Culex pipiens 1 1 1 3 6 
Culex tarsalis 2 2 53 102 7 2 1 169 
Culiseta impatiens 2 2 
Culiseta inornata 1 2 8 11 
Ochlerotatus canadensis 1 1 2 
Ochlerotatus dorsalis 2 1 3 
Ochlerotatus increpitus 1 1 
Mosquito unidentifiable* 1 1 1 1 4 
Ochlerotatus male unidentified** 1 10 27 43 9 90 
Total Number Captured 4 20 84 162 19 3 4 296 
No of males (out of total above) 1 11 59 84 10     165 

*Specimen too damaged to be identified 
**Ochlerotatus males can be difficult to identify 
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6.2.3. Adult mosquito trapping near Mission Creek 

The third light trap was located in Mission, along Gordon Drive.  Seven sets of 

samples were collected from this trap, and 615 mosquitoes were captured (down 

considerably from the 6,421 mosquitoes captured in 2014).  This decrease is likely due to 

the low water levels in Mission Creek this year, as well as higher than average larviciding 

applications.  The predominant species present was Ochlerotatus increpitus, a nuisance 

species.  The two primary WNV vector species (Culex tarsalis and Culex pipiens) were 

both present in low numbers. 

Table 8.  Numbers of adult mosquitoes captured each week in a CDC black-light 
trap on Gordon Drive in Mission. 

  Date (2015)   

Species 
Jun 
19 

Jun 
25 

Jul 
04 

Jul 
10 

Jul 
17 

Aug 
08 

Aug 
22 

Total 

Aedes cinereus 3 2 

N
o 

m
os

qu
ito

es
 s

ee
n 

5 
Aedes vexans 5 26 24 8 1 64 
Anopheles freeborni 5 1 2 8 
Anopheles punctipennis 2 8 2 2 14 
Coquillettidia perturbans 3 24 5 6 38 
Culex pipiens 5 9 9 23 
Culex tarsalis 16 7 13 36 
Culiseta inornata 3 1 1 5 
Ochlerotatus increpitus 1 62 18 14 95 
Ochlerotatus sticticus 239 41 30 1 311 
Mosquito unidentifiable* 2 7 1 10 
Ochlerotatus male unidentified** 2 3 1 6 
Total Number Captured 249 42 178 84 59 0 3 615 
No of males (out of total above) 2     3 1     6 

*Specimen too damaged to be identified 
**Ochlerotatus males can be difficult to identify 
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6.2.4. Adult mosquito trapping in Oyama 

The fourth trap was located in Oyama, on Greenhow Road.  Over the course of 

the summer, 1,568 mosquitoes from nine different species were captured, much fewer 

than the 5,092 mosquitoes caught in 2014.  As in recent years, most of the specimens 

caught at this site (83%) were Coquillettidia perturbans, a significant nuisance species, 

but one that is difficult to control since its larvae attach themselves to cattail roots and do 

not come to the surface.  For these reasons, this species is difficult to monitor and 

larvicide is not as effective on this species as it is on other species.  One of the important 

WNV species, Culex tarsalis, was found in low numbers at this trapping location. 

Table 9.  Numbers of adult mosquitoes captured each week in a CDC black-light 
trap in Oyama. 

  Date (2015)   

Species 
Jun 
23 

Jul 
04 

Jul 
10 

Jul 
17 

Aug 
08 

Aug 
22 

Total 

Aedes cinereus 2 15 4 21 
Aedes vexans 2 5 7 
Anopheles freeborni 7 3 10 
Coquillettidia perturbans 156 794 318 41 1,309
Culex tarsalis 3 8 6 1 18 
Ochlerotatus canadensis 3 3 
Ochlerotatus increpitus 5 60 76 10 1 1 153 
Ochlerotatus sierrensis 15 15 
Ochlerotatus sticticus 1 1 
Mosquito unidentifiable* 1 3 4 
Ochlerotatus male unidentified** 1 22 4 27 
Total Number Captured 169 899 435 58 1 6 1,568
No of males (out of total above) 1   22 4     27 

*Specimen too damaged to be identified 
**Ochlerotatus males can be difficult to identify 

The following Section (Section 7.0 ) contains an overview of potential WNV 

vector mosquitoes as predicted by Peter Belton, PhD, Mosquito Expert from Simon 

Fraser University.  Section 8.0 contains short summaries of the biology of the genera and 

major mosquito species captured in the RDCO this summer.   
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7.0  SUMMARY OF WEST NILE VIRUS VECTOR COMPETENCY FOR BC 

MOSQUITO SPECIES 

Although it is widely accepted that Culex pipiens and Culex tarsalis are the two 

primary vectors of WNV in western Canada, Peter Belton (2007), a retired professor 

from Simon Fraser University and an expert in the field of mosquito biology, has 

assembled a list of potential WNV vectors that are present in British Columbia, and has 

assigned them “vector competency” ratings. 

It is important to understand the factors that must be met for a mosquito to be 

considered a good WNV vector.  First, the mosquito must be willing to bite birds.  In a 

natural setting, WNV can only be contracted from birds, as other hosts contain 

insufficient amounts of the virus to be infectious.  Next, the mosquito must have the 

correct receptors in its gut to accept the virus and transfer it into the mosquito’s 

circulatory system.  Later, the mosquito must be able to transfer the virus from its 

circulatory system into its salivary glands so it can inject the virus during its next blood 

meal.  This brings us to the next point: a mosquito must be willing to take more than one 

blood meal in its life, and must be a long-lived species, since it can take up to two weeks 

for the virus to be transported to a mosquito’s salivary glands and render that mosquito 

infectious.  Another factor is the temporal distribution of a species:  WNV tends to be at 

its worst in July and August, so the vector must be present in high numbers during this 

time of the year.  Finally, in order to be a human vector, the mosquito must not only be 

willing to bite birds, but it must also be willing to bite humans. 

With all of these factors considered, Culex tarsalis should be identified as the 

most significant concern as a human vector in British Columbia and Culex pipiens as the 

most significant vector within bird populations.  However, Peter Belton has included 21 

British Columbian species in his list, based on a United States Centre for Disease Control 

list of species that has tested positive for the virus (indicated by a P in Table 10) and a 

system of ranking discussed in Turell et al. (2005).  Peter Belton has assigned mosquitoes 

a relative competency ranking of 0 to ++++ (Table 10).  Species not included in the study 

by Turell et al, (2005), but still given consideration by Peter Belton based on their ability 

to transmit other viruses, are ranked with a question mark. 
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Table 10.  Mosquito species in British Columbia identified as potential human West 
Nile Virus Vectors (Belton, 2007). 

Potential Vectors in BC Positive (P) Competence (+) Feeding preference, biology 
Culex tarsalis P ++++ Birds, mammals3 
Ochlerotatus togoi  ++++? Birds, mammals4 
Culex pipiens P +++ Mostly birds3 
Coquillettidia perturbans P + Birds, mammals2 
Culiseta inornata P +++ Birds, mammals3 
Culiseta morsitans P ++? Mostly birds5 
Ochlerotatus dorsalis P +++ Mammals, occasionally birds1 
Ochlerotatus melanimon P +++ Mammals, occasionally birds1 
Ochlerotatus canadensis P ++ General feeder1 
Ochlerotatus sierrensis  + Mammals4 
Ochlerotatus sticticus P +? Mammals1 
Aedes vexans P ++ Mostly mammals1 
Aedes cinereus P +? Birds? mammals1 
Anopheles punctipennis P +? Mammals, birds?3 
Anopheles earlei P +? Mammals, birds?3 
Ochlerotatus hendersoni  +++? Birds? mammals1 
Culiseta incidens  ++? Mostly mammals3 
Ochlerotatus fitchii P 0? Mostly mammals1 
Ochlerotatus provocans P 0? Mostly mammals?1 
Culex territans P 0? Mostly amphibia3 
Culiseta impatiens P 0? Mostly mammals5 

1 Eggs overwinter, one or two generations/year 
3 Females overwinter, several generations/year 
5 Females overwinter, one generation/year

2 Larvae overwinter, one generation/year 
4 Eggs and larvae overwinter, several generations/year 

 

8.0  BIOLOGY OF MAJOR MOSQUITO SPECIES COLLECTED IN THE RDCO 

IN 2015 

8.1.  AEDES AND OCHLEROTATUS SPECIES 

Until recently, all of the “floodwater” species (i.e. laying their eggs on moist soil 

rather than on the water’s surface) of mosquitoes in BC were classified as Aedes, but a 

number of species have now been reclassified into the genus Ochlerotatus.  However, the 

life cycle and the physiology of Aedes and Ochlerotatus species are similar.   

Aёdes is the Greek word for disagreeable (Belton, 1983), and is an accurate 

reflection of these species in terms of both numbers and ferocity.  Aedes and 

Ochlerotatus species lay their eggs at the edges of water bodies and rely on warm 

temperature and/or low oxygen levels in flood-water to induce their eggs to hatch.  Most 
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of the floodwater species peak in late June (following snowmelt and then river flooding) 

and die in late summer and the populations over-winter as eggs.   

Mosquitoes that are viewed as nuisance species (i.e. present in high numbers and 

bite ferociously) are generally from this group, as large areas of habitat often become 

active at once with rising floodwaters and therefore huge batches of mosquitoes hatch at 

the same time.  This is due primarily to the fact that eggs laid by most species remain 

viable for a number of years, and therefore egg concentrations in the soil can become 

very dense.  Adults are generally short-lived (two to six weeks), and generally seek shade 

during hot summer days as they are prone to desiccation.  Most species have only one 

generation each year, although some species are capable of two or more generations 

when conditions are suitable.  Seven species of Aedes and Ochlerotatus mosquitoes were 

trapped in the RDCO in 2015.   

8.1.1. Aedes cinereus 

Aedes cinereus is present throughout British Columbia and is capable of 

completing up to three generations per year (Belton, 1983; Wood et al., 1979).  Larvae 

have been found in rain pools, swamps and flood water (Belton, 1983).  This species is 

not known to fly any great distance, and is generally considered a minor pest although 

isolated populations may be aggressive and persistent biters, even during the heat of the 

day (Belton, 1983).  This species is also given a vector competence rating of ‘+’ or low in 

Belton’s (2007) list of potential West Nile Virus vectors. 

8.1.2. Aedes vexans 

This mosquito species is considered the worst mosquito pest in Canada (Wood et 

al., 1979).  Aedes vexans appear in extremely large numbers in almost any habitat where 

there are permanent, semi-permanent, or transient pools that have been flooded from 

snowmelt or rain. In the heat of summer, these mosquitoes can mature from the egg to 

adult in as short as five days, existing as larvae for as little as three days (Wood et al., 

1979).  Eggs of Aedes vexans can remain viable in the soil for many years, and because 

not all individuals hatch when submerged, multiple cycles of flooding and drying are 

needed for all eggs to hatch (Wood et al., 1979).  Adult Aedes vexans are notorious fliers, 

capable of flying as far as 20 to 50 km or riding low jet streams for hundreds of 

kilometres, and are vicious biters as well (Belton, 1983).  This can make control difficult 
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to say the least.  Specimens of Aedes vexans have been found carrying the western equine 

encephalitis (WEE) virus in Alberta, Saskatchewan and north western United States 

(Belton, 1983).  Belton (2007) has included Aedes vexans as a potential West Nile Virus 

vector with a vector competence rating of ‘++’, but it is not clear if this species is actually 

capable of transmitting WNV. 

8.1.3. Ochlerotatus canadensis 

Ochlerotatus canadensis eggs usually hatch in temporary woodland pools as early 

as the beginning of April, although some eggs seem to have a delayed hatching 

mechanism as they have been observed hatching throughout the summer as late as 

August (Woods et al., 1979).  Belton (1983) reports that this species in usually not 

considered a pest in BC due to its low numbers.  However, it can be a persistent biter in 

the forest and tends to bite on the lower legs. This species is rated ‘++’ as a WNv vector 

(Belton, 2007) since individuals of this species have tested positive for the virus in other 

areas of North America. 

8.1.4. Ochlerotatus dorsalis 

This species thrives on the interior plateau, developing in saline marshes and 

pools as well as fresh water (especially irrigation seepages) (Belton, 1983).  It is capable 

of traveling many kilometers, and females of this species are vicious biters both during 

the day and at night (Belton, 1983).  When conditions are favourable, Ochlerotatus 

dorsalis may have two or more summer generations, resulting in a very large population 

(Wood et al. 1979).  Belton (2007) gives Ochlerotatus dorsalis a vector competence 

rating of ‘+++’, primarily because Western Equine Encephalitis and West Nile Virus 

have occasionally been isolated in adult females. 

8.1.5. Ochlerotatus increpitus 

Ochlerotatus increpitus is fairly widespread and numerous throughout BC, with 

larvae found in flood waters, irrigation seepage and rain or snowmelt pools (Belton, 

1983) as well as roadside ditches and shaded pools (Wood et al. 1979).  While female 

increpitus are an important pest in Nevada and Utah, they are generally not common 

enough in Canada to be considered a significant pest (Wood et al. 1979).  However, in 

those localized areas of BC where large numbers are found, the females are eager biters 
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and can be a serious pest of cattle (Belton, 1983).  Belton (2007) does not include this 

species on his list of potential WNV vectors. 

8.1.6. Ochlerotatus sierrensis 

Ochlerotatus sierrensis larvae develop in tree-holes.  Larvae have also been found 

in tires and hollow stumps in the province (Woods et al., 1979).  As this species rarely 

occurs in high numbers, it is not considered a significant pest in British Columbia.  Peter 

Belton (2007) includes this species on his list of potential vectors, with a rating of “+”. 

8.1.7. Ochlerotatus sticticus 

Ochlerotatus sticticus is primarily a floodwater mosquito and is therefore usually 

associated with the floodplains of large rivers and widespread excessive precipitation 

(Wood et al., 1979).  With each peak of a river, a fresh hatch of Ochlerotatus sticticus 

can appear (Belton, 1983). This species is almost always associated with Aedes vexans 

(Wood et al., 1979).  Eggs of Ochlerotatus sticticus can remain viable for about five 

years, so there may be years when this species may not appear at all as it waits for a 

significant flood (Belton, 1983).  Like Aedes vexans, Ochlerotatus sticticus are ferocious 

biters and readily enter houses day and night (Belton, 1983).  This species is not 

considered a strong West Nile Virus vector in British Columbia, with a vector 

competence rating of ‘+’ (Belton, 2007). 

8.2.  ANOPHELES SPECIES 

Anopheles species of mosquitoes are quite different in appearance than other 

mosquitoes, with narrow wings and long slender bodies.  When standing, their hind ends 

are well elevated from their bodies, distinguishing them from other mosquito species.  

Because of these anatomical differences, they have been place in their own subfamily.   

Females overwinter as adults and hide in culverts, bridges, inside eaves and in the 

roofs of sheds (Belton, 1983).  In urban areas, they hibernate in burrows, caves, hollow 

trees and other sheltered places (Belton, 1983).  They prefer fresh, clean water and lay 

eggs singly among vegetation at the edges of water bodies.  Anopheles species have been 

implicated in the transmission of malaria, and were no doubt involved in malarial 

outbreaks in Canada in the 19th century.  All of three of BC’s Anopheles species were 

found in the RDCO this summer. 
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8.2.1. Anopheles earlei 

Female Anopheles earlei overwinter in buildings, caves and mammal burrows, as 

well as hollow logs and tree trunks (Wood et al. 1979).  When they overwinter, they are 

not blood-fed and have not laid eggs, but feed soon after leaving hibernation (Wood et al. 

1979).  In the southern part of the province, they are capable of two generations per year, 

weather permitting.  The species is widely distributed throughout BC, and the females are 

vicious biters, able to attack in weather so cold that other mosquitoes are not capable of 

flying (Belton, 1983).  Because of their ferocity, they can be localized pests when present 

in significant numbers.  Belton (2007) gives this species a vector competence rating of 

‘+’. 

8.2.2. Anopheles freeborni 

Anopheles freeborni females overwinter in various sites including talus slopes, 

abandoned mines and buildings, and root cellars.  Their larvae develop in pools and 

sloughs formed by creeks, large marshes and irrigated pastures in Washington (Wood et 

al. 1979).  In California, rice fields are significant larval development habitats (Wood et 

al. 1979).  They are capable of rearing in slightly saline water (salinity as much as 5%).  

This species is potentially an effective vector of malaria and has been found naturally 

infected with Western Equine Encephalitis, but is never found in high enough 

concentrations to be important for disease transmission.  Belton (2007) does not include 

this species on his list of vector competency. 

8.2.3. Anopheles punctipennis 

Anopheles punctipennis is the only anopheline found on Vancouver Island to date, 

and is fairly widespread throughout the province.  Larvae are found in almost any kind of 

standing water (Belton, 1983), and there are generally two or three generations annually 

(Wood et al. 1979).  Females bite humans freely after dark and are persistent in entering 

houses, but are not found in high enough concentrations to be a concern as a disease 

vector (Belton, 1983).  Belton (2007) gives this species a vector competence rating of ‘+’. 
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8.3.  COQUILLETTIDIA SPECIES 

8.3.1. Coquillettidia perturbans 

The genus Coquillettidia has replaced the genus Mansonia in most of the 

literature recently, although Mansonia is still used by some authors.  Only one species 

from this genus, Coquillettidia perturbans, is found in Canada.  They are often called 

‘cattail mosquitoes’, as the siphon of the larvae and ‘trumpets’ of the pupae are modified 

to attach themselves to the outside of a cattail and burrow through the side, leaving the 

body of the larvae protruding (Belton, 1983).  This exposure to the air inside the cattail 

fulfills their oxygen requirements, enabling them to remain buried in the mud at the 

bottom of the swamp (Wood et al. 1979).  The marshes where they are found must 

remain permanently wet, because, although there is only one generation per year, larvae 

are present in year-round and are killed by drought, especially in the winter (Wood et al. 

1979).  Females are strong fliers and feed on both birds and mammals, and will 

occasionally feed more than once before laying eggs (Wood et al. 1979).  For this reason, 

Belton (2007) has given them a vector competence rating of ‘+’. 

8.4.  CULEX SPECIES 

Culex is the Latin word for ‘mosquitoes’ and was used to describe all mosquito 

species prior to 1818, at which time the genera Anopheles and Aedes were named 

(Belton, 1983).  There are only three species of Culex in BC (Culex tarsalis, Culex 

pipiens, and Culex territans).  Culex females lay their eggs in rafts on the surface of 

almost any water, and all species found in BC overwinter as fertilized females.  As well, 

all Culex species in BC can produce several generations a year, providing that the 

summer is warm enough.  These mosquitoes are generally not considered a nuisance as 

they are usually found in lower concentrations and are not particularly aggressive biters 

of humans (they tend to prefer either birds or amphibians).  Because they have multiple 

broods in their lifetime, they have the potential to transmit viruses such as WNV and 

other arboviral encephalitides such as Western Equine Encephalitis.  This is because they 

must take a blood meal before laying each batch of eggs, and after feeding on an infected 

host, the female has the potential to transmit the virus to her next host.  Two of BC’s 

three Culex species were identified in the RDCO this summer. 
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8.4.1. Culex pipiens 

The common names for Culex pipiens are “rain-barrel mosquito” and “Northern 

House Mosquito.”  These mosquitoes are common in both urban and sub-urban settings, 

and since they rarely fly more than 2-3 km from their larval development sites, when they 

are found, it can be assumed that they developed in a local larval development site 

(DeBess, 2003).  These mosquitoes breed readily in highly organic water such as storm 

water catch basins, sewage treatment plants, ditches, birdbaths, rain gutters, plant pot drip 

trays, tires, and basically any water-holding containers that are commonly found in urban 

areas (DeBess, 2003).   

Females emerge in the spring in search of a blood meal; this species has a strong 

preference for the blood of birds.  The blood is used by the female to help develop her 

eggs – she lays approximately 140-340 eggs on the surface of her chosen water habitat.  

Larvae emerge from the eggs in 1-2 days, after which the development of the larvae into 

adults is temperature–dependent, but usually takes approximately 8-12 days in the 

summer (Savage & Miller, 1995).  A single female may take multiple blood meals and 

lay multiple batches of eggs in a summer. 

This species has been known to transmit Western Equine Encephalitis and St. 

Louis Encephalitis, and is listed as a potential human vector of WNV in British Columbia 

with a competency rating of ‘+++’ (Belton, 1983; 2007), although it is unlikely to 

actually serve as a human vector because it rarely, if ever, bites humans.  Culex pipiens is 

likely to be responsible for the “amplification” of the WNV in bird populations. 

8.4.2. Culex tarsalis 

The common name for Culex tarsalis is the Western Encephalitis Mosquito, due 

to its implication in the transmission of various encephalitis-causing viruses in western 

North America.  Culex tarsalis larvae can be found in permanent and semi-permanent 

ponds, irrigation ditches, and sewage ponds (Belton, 1983).  They can also be found in 

small temporary pools and artificial containers as the populations increase through the 

summer (Wood et al., 1979).  In general, they prefer warm, stagnant water with high 

concentrations of organic materials.  Culex tarsalis females overwinter as adults, hiding 

in caves, rock piles, and talus slopes.  Adults feed primarily between sunset and sunrise, 

with peak activity occurring within two hours after sunset (Wood et al., 1979). 
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This species will readily feed on both birds and mammals, which is why it is the 

major vector of WNV to humans (Belton, 2007).  WNV is primarily a disease of wild 

birds, so when populations of both birds and Culex tarsalis are high, the risk of WNV 

increases and is likely to start showing up in mammal populations, especially in 

unvaccinated horses (Belton, 2007; Wood et al., 1979).  This species is rated at ‘++++’ 

for vector competency in British Columbia (Belton, 2007).  

8.5.  CULISETA SPECIES 

The life-history of Culiseta mosquitoes is similar to that of Culex, with females 

laying their eggs directly on the surface of water (with the exception of Culiseta 

morsitans, which lay their egg rafts on vegetation at the margin of their larval 

development sites) (Belton, 1983).  Females of most species lay multiple broods each 

year, and most overwinter as fertilized females. Members of these genera tend to prefer 

the cooler, temperate climates that are typical of Canada.  Three species of Culiseta were 

captured in the RDCO this summer. 

8.5.1. Culiseta impatiens 

Overwintering female Culiseta impatiens are probably the earliest species of 

mosquito to bite in the spring, occasionally as early as March (Woods et al., 1979).  

Larvae are found in semi-permanent ponds and dark, shaded permanent woodland pools 

(Woods et al., 1979).  This species is found in low numbers throughout BC.  This species 

has a strong preference for large mammals, although it will occasionally bite man 

(Belton, 1983).  This species is on Belton’s WNv vector list (Belton, 2007), however it is 

not rated.  It appears on the list because it has tested positive for the virus.  It is uncertain 

as to whether it is capable of transmitting the virus. 

8.5.2. Culiseta incidens 

Culiseta incidens is a common species, and in 1932 was considered the most 

common and most widespread species in the province (Belton, 1983).  This was due to 

the fact that almost every rain barrel in the lower mainland was infested with larvae all 

summer long, which reflects this mosquito’s propensity for developing in artificial 

containers and having multiple broods each year.  They are also found in catch basins, 

tires, ditches, and permanent and semi-permanent pools, and are capable of tolerating 

polluted waters (Wood et al., 1979).  They overwinter in rock slides and talus slopes and 
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emerge early in the spring; their large size coupled with their early appearance often 

causes strong reactions from people, even though they are not significant biters of 

humans.   

Females generally take blood meals from large mammals, but Belton (1983) has 

noted that they appear to feed more freely on humans during warm (> 20°C) evenings in 

the lower mainland.  Belton (2007) gives this species a vector competence rating of ‘++,’ 

primarily because of its widespread distribution, although it has not been found to be 

infected with WNV and is quite unlikely to transmit the illness. 

8.5.3. Culiseta inornata 

Culiseta inornata is a widespread mosquito, but since it prefers large mammals to 

man, it is seldom considered a pest.  It breeds in deep woodland ponds, seepage ditches 

and polluted open water (Belton, 1983).  This species overwinters as adults in mammal 

burrows and crevices, and emerges very early in the spring when it is still too cold for 

other species.  These are the large mosquitoes often seen “hovering” close to people at 

dusk very early in the spring.  Larvae have been found in ice-covered ponds (Wood et al., 

1979).  This wide-spread species is listed as a potential West Nile Virus vector with a 

competence rating of ‘+++’ (Belton, 2007). 

  



Regional District of Central Okanagan Mosquito Control Program, 2015 

BWP Consulting Inc. Page 36 

9.0  RECOMMENDATIONS 

Larval surveillance and adult trapping has shown significant numbers of both 

nuisance mosquitoes and WNV vectors in the Regional District.  According to the 

Interior Health Authority (IHA), the Okanagan is the highest risk area of the province for 

seeing cases of the WNV and the virus is now considered “endemic” in the Okanagan 

with cases detected throughout the valley from Osoyoos to Coldstream.  The hot valleys 

of the interior of BC provide a suitable environment for the virus since high summer 

temperatures allow multiple generations of Culex mosquitoes.  Given this information, 

the following recommendations have been developed: 

1. It is recommended that Kelowna, Lake Country and the two Electoral Areas 

continue to fund both nuisance and WNV vector mosquito control. 

2. It is recommended that the process for renewing the Pest Management 

Plan begin immediately (early January) as the process can take many months and 

the existing plan will expire before the 2016 season. 

3. It is recommended that staff continue to search for and to map vector habitats 

and to control larvae in standing water, marshes and catch basins both on private and 

public lands. 

4. It is recommended that public outreach continue as funding allows to help 

protect both residents and visitors to the area. 

5. It is recommended that an adult mosquito surveillance program continue.  

Predictions have been made based on trap counts and vector presence.  These numbers 

can change from year to year, and sometimes even with a change in trap location of just a 

few hundred meters.  Also, it is important to continue surveillance as a means of 

assessing the effectiveness of a larviciding program. 

6. It is recommended that mosquito control operations start in late March or early-

April instead of early-May.  This season, senior staff visited the RDCO in late March and 

found significant active habitat, especially near Roberts Lake and in Oyama, and 

therefore treatments started earlier than normal this season with excellent results. 

7. It is recommended that the tire roundup be held again in the fall of 2016 as this 

annual event appears to remain popular for the residents of the RDCO, and significant 

larval habitats have been eliminated with the collection of old tires. 
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APPENDIX I.  SUMMARY OF LARVICIDING ACTIVITIES IN RDCO IN 

2015 

Site 
Number  Address 

Amount of 
larvicide (kg) 

Area treated 
(ha) 

AP1  Scotty Creek Road  0.25  0.03 

AP2  395 Hereron Rd  10  1.35 

AP3  Hereron Rd ditches  4.25  0.58 

AP12  4520 Farmers Dr.  6  0.8 

AP25  End of Quail Crt.  1.25  0.18 

AP7  3740 Bulman Rd Mill Creek (Wetland/Ponds)  2.25  0.28 

DK1  Off Francis St  0.25  0.03 

DK5  Knox Mountain Rd.  11  1.45 

DK6  Rio Dr.  0.75  0.1 

GG2  4320 Gallaghers Dr  1  0.15 

GG3  3993 Eastwood Crt  1  0.15 

GG5  End of Jean Rd  2.5  0.3 

GG7  4284 Jaud Rd (off Wallace Hill)  2  0.27 

GG10  Balldock Rd (off Wallace Hills)  3  0.4 

GG11  4485 Sallows Rd (off Saucier)  0.5  0.07 

GG12  4592 Sallows Rd  0.25  0.03 

GG13  3079 Hall Rd  2.75  0.35 

GG15  2555 Johnson Rd (off Hall Rd)  0.25  0.03 

GG16  3040 Hall Rd  1  0.15 

GG17  3145 Hall Rd  2  0.25 

GG18  3130 Hall Rd  0.5  0.07 

GG22  3150 Hall Rd  3  0.4 

GG27  3205 Wildwood rd.  0.25  0.03 

GG28  3210 Wildwood Rd  0.5  0.07 

GG29  2130 K.L.O Rd  9  1.2 

GM2  3550 north GlenmoreRd  6.5  0.85 

GM3  3550 north GlenmoreRd  4  0.55 

GM8  Millard Court West  0.25  0.03 

GM10  Tutt Ranch  11  1.45 

GM15  Wilden Development  7  0.9 

GM19  2105 North Glenmore road  204  27.28 

GM22  Curtis rd.  12  1.6 

KMIS2  3019 Leader RD  0.75  0.1 

KMIS8  405 Gordon Dr  2.38  0.35 

KMIS12  Belmont Rd. off Lexington St Belmont Park  5  0.63 

KMIS13  3885 Gordon Drive.  34  4.55 

KMIS15  1429 KLO Rd. (across from RDCO)  0.25  0.03 

KMIS17  KLO Rd. bridge‐Southside  3  0.4 
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Site 
Number  Address 

Amount of 
larvicide (kg) 

Area treated 
(ha) 

KMIS18 
access from Casorso Rd. (Mission creek 
bridge)  11  1.45 

KMIS22  Benvoulin Rd.  8.5  1.1 

KMIS23  3645 Benvoulin Rd.  2.1  0.263 

KMIS24  3130 Hall Road  0.1  0.02 

KMIS33  579 south crest road  8  1.05 

RT7  1801 Lynrick Rd  0.25  0.03 

RT8  2100 Garner Rd.  1  0.15 

RT10 
Corner of Swainson & Treetop (back of 
BlackMountain Golf Course)  2  0.25 

RT11  by 2550 Old Vernon Rd  4.5  0.6 

RT16  1164 Morrison Rd  0.25  0.03 

RT19  Chichester wetlands  5.5  0.75 

RT21  off Holllywood Rd South  3  0.4 

RT25  Fenwick Rd  6.5  0.87 

WO4  wood lake road  1  0.15 

WO7  lodge road  0.25  0.03 

WO12  Woodsdale Rd  8  1.15 

WO13  Woodsdale Rd  0.38  0.05 

WO18  12250 Oyama Rd  0.75  0.1 

WO20  5574 Hayton Rd  1  0.17 

WO22  Lloyd Rd off of Greenhow Rd  24  3.25 

WO23  16011 Greenhaw Crt  13  2.55 

WO24  Trask Rd  4  0.55 

WO25  Oyama Rd  9  1.2 

WO26  Oyama Rd  0.75  0.1 

WO27  Bottom Wood Lake Road  2  0.25 

WO35  Camp Road Reservoir  1  0.15 

WO36  Jack Seaton Park off Camp Rd  33  4.47 

WS1  40 Traders Cove  1  0.15 

Totals:    507.46  68.723 
*Total amount applied at each site, many of these are the result of multiple applications 


