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Executive Summary 
For over twenty years, Metro Vancouver Regional District (formerly the Greater Vancouver Regional 
District) has overseen a nuisance mosquito abatement program and from 2004-2012 the program was 
extended specifically to control potential West Nile virus vector mosquitoes. This Pest Management Plan 
(PMP) refers specifically to the control of nuisance mosquito larvae. However, in the event of an order 
from the Ministry of Health indicating that control of West Nile virus (WNv) vector mosquito larvae is 
required the additional measures in Appendix 3 would come into effect.   
 
In the Metro Vancouver region, nuisance mosquitoes are primarily comprised of four species; Aedes 
sticticus, Aedes vexans, Aedes dorsalis, and Coquillettidia perturbans. These species are the focus of this 
PMP. Aedes vexans and Ae. sticticus mosquitoes lay eggs in areas liable to flooding, such as low-lying 
areas near rivers and around the edges of existing bodies of water. The numbers of eggs that hatch each 
year depends largely upon the severity of the freshet. Eggs of these species can remain dormant for many 
years and a proportion of these are only triggered to hatch after multiple floods. Aedes dorsalis larvae 
are most commonly found in salt-marshes and hatches occur throughout the season as high and low tides 
flood and ebb. Coquillettidia perturbans is known to be strongly associated with permanently wet 
marshes containing cattails. Many businesses and outdoor recreation participants are negatively 
impacted when the numbers of aggressive, day-time biting mosquitoes rise above tolerable levels. The 
goal of the Metro Vancouver Nuisance Mosquito Control Program is to reduce the numbers of nuisance 
mosquitoes to tolerable levels.  
 
It is generally accepted that the most effective approach in limiting adult mosquito nuisance problems is 
to manage the larval stages of target mosquito species using the principles of integrated pest 
management (IPM). This Pest Management Plan (PMP) has been developed by Metro Vancouver Regional 
District to directly address the issue of nuisance mosquito control. It has been developed in accordance 
with the Integrated Pest Management Act and Regulation.   
 
This PMP outlines an IPM approach for the control of the larval stages of the target mosquito species, 
using prevention, manual/mechanical treatment methods and, strategically targeted, the judicious 
application of bacterial biological control agents and/or an insect growth regulator. Under this PMP, 
potable drinking water or fish-bearing water will not be treated. Adult mosquito control is expressly 
excluded from this PMP.   
 
The Geographic Boundary covered by this PMP includes all member jurisdictions of Metro Vancouver. 
The areas in scope within the Geographic Boundary include all Metro Vancouver owned and/or managed 
lands. Additionally, it applies to non-private lands within the City of Pitt Meadows, the City of Coquitlam, 
the City of Maple Ridge, the City of Surrey, the City of Richmond, as well as non-private and private lands 
in the Township of Langley.  
 
All mosquito control activities carried out by Metro Vancouver Regional District and its authorized agents 
will be in accordance with the PMP, pesticide product labels and under the general provisions of the 
Integrated Pest Management Act and Regulation. In accordance with Section 58 of the Regulation, this 
PMP: (i) Provides identifying information regarding the geographic area covered by the Program; (ii) 
Provides contact information for responsible person; (iii) Describes the integrated pest management 
elements of the Program; and (iv) Provides Program operational information. 
 
  



 

 
 Mosquito Pest Management Plan| iii 

Table of Contents 

2.1.1. Source Reduction ................................................................................................................................... 4 
2.1.2. Habitat Enhancement Measures ........................................................................................................... 5 
2.1.3. Changes in Hydrology ............................................................................................................................ 7 
2.1.4. Mechanical Devices ............................................................................................................................... 8 
2.1.5. Public Education .................................................................................................................................... 9 

2.2.1. Pests Targeted by Plan ........................................................................................................................... 9 
2.2.2. How Mosquito Species will be Identified............................................................................................. 11 

2.3.1. Environmental Monitoring .................................................................................................................. 12 
2.3.2. Monitoring of Mosquito Larvae ........................................................................................................... 12 
2.3.3. Monitoring of Adult Mosquitoes ......................................................................................................... 13 

2.5.1. Non-Larvicide Treatment Options ....................................................................................................... 14 
2.5.2. Bacterial Larvicide Treatment Options ................................................................................................ 14 
2.5.3. Making a Treatment Decision Involving Larvicide ............................................................................... 16 

2.6.1. Evaluating the Effectiveness of Pesticide Use on Pest Populations ..................................................... 18 
2.6.2. Evaluating Environmental Impacts and Non-Target Effects of Larviciding .......................................... 19 

3.6.1. Pesticides Used .................................................................................................................................... 22 
3.6.2. Larvicide Application Methods ............................................................................................................ 22 



 

 
 Mosquito Pest Management Plan| iv 

5.1.1. Confirmation Holder Use Records ....................................................................................................... 27 
5.1.2. Annual Report for Confirmation Holders ............................................................................................. 27 

5.2.1. Notification of PMP Confirmation ....................................................................................................... 28 
5.2.2. Annual Notice of Intent to Treat .......................................................................................................... 28 
5.2.3. Requests to Amend the PMP ............................................................................................................... 28 
5.2.4. Notification of Contravention .............................................................................................................. 28 
5.2.5. Public Notification Prior to Treatment ................................................................................................ 29 
5.2.6. First Nations Notification Prior to Treatment ...................................................................................... 29 
5.2.7. Posting of Treatment Notices .............................................................................................................. 29 

5.3.1. First Nations Consultations .................................................................................................................. 30 
5.3.2. Public Consultations and Public Consultations Report ........................................................................ 32 

 

List of Figures 

 

List of Tables 

 

List of Appendices 

 



 

 
 Mosquito Pest Management Plan | 1 

 INTRODUCTION 

 Nuisance Mosquitos 
In the Metro Vancouver region, nuisance mosquitoes are primarily comprised of four species; Aedes 
sticticus, Aedes vexans, Aedes dorsalis, and Coquillettidia perturbans.  Ae. vexans and Ae. sticticus 
mosquitoes lay eggs in areas liable to flooding, such as low-lying areas near rivers and around the edges 
of existing bodies of water.  The numbers of eggs that hatch each year depends largely upon the severity 
of the freshet.  Eggs of these species can remain dormant for many years and a proportion of these are 
only triggered to hatch after multiple floods. Aedes dorsalis larvae are most commonly found in salt-
marshes and hatches occur throughout the season as high and low tides ebb and flow. Coquillettidia 
perturbans is known to be strongly associated with permanently wet marshes containing cattails.  Many 
businesses and outdoor recreation participants are negatively impacted when the numbers of aggressive, 
day-time biting mosquitoes rise above tolerable levels. The goal of the Metro Vancouver Nuisance 
Mosquito Control Program is to reduce the numbers of nuisance mosquitoes to tolerable levels.  

 Legislation Governing Larval Mosquito Control  
Pesticide use in British Columbia is regulated by both federal and provincial legislation as follows:  

• Federal legislation (Pest Control Products Act): Under this Act, Health Canada must register each 
pesticide for specified uses. The agency conducts extensive health and environmental evaluations 
of pesticides, registers only those pesticides deemed safe, and strictly defines the conditions under 
which they can be used without significant impacts on people and/or the environment.  

• Provincial legislation: Provinces have additional legislation to further ensure that pesticides will not 
cause harm to people or the environment. B.C. legislation (Integrated Pest Management Act) also 
requires that pesticides be used only within an integrated pest management program.  

 Role and Term of the PMP  
This PMP has been prepared solely for the purpose of targeting the larval stage of those mosquito species 
that are nuisance mosquitoes. Adult mosquito control is expressly excluded from this PMP.  
  
This PMP enables Metro Vancouver and their authorized agents (and their contractors) to utilize larvicides 
for the purpose of controlling the larval stage of those mosquito species that are nuisance mosquitoes. 
This PMP shall be in force for a five-year period from the date that a Pesticide Use Notice (PUN) has been 
submitted to the BC Ministry of Environment, and confirmation of receipt of the PUN has been received. 
 
This PMP describes a program for managing the larval stages of nuisance mosquitoes, and the methods 
of handling, preparing, mixing, applying and otherwise using pesticides (larvicides) as part of an effective 
integrated mosquito management plan.  
This PMP ensures:   

1. Legal accountability with the provisions of the Integrated Pest Management Act and Regulation, 
as well as all applicable federal, provincial and regional laws and regulations; 
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2. The incorporation and use of the principles of integrated pest management, public and First 
Nations awareness of, and input into, the Metro Vancouver larval mosquito control program; 

3. The responsible use of larvicides;  

4. That the effective use of an IPM program contains strategies that take into account: 
environmentally sensitive areas and land uses;  

5. The prevention of contamination of food intended for human consumption, the protection of 
community watersheds and other domestic and agricultural water sources, and the protection of 
fish and wildlife, riparian areas and wildlife habitat; and 

6. That there is continued investigation into alternative methods of mosquito control while being 
vigilant in efforts to prevent human health concerns caused by the presence of mosquitoes and 
by the control methods used to manage them. 

 Geographic Boundary of the PMP Area   
The Geographic Boundary of the PMP includes all member jurisdictions of Metro Vancouver.   
 
Within the Geographic Boundary, this plan applies to all Metro Vancouver owned and/or managed lands.  
  
Additionally, the plan applies to non-private lands within the City of Pitt Meadows, the City of Coquitlam, 
the City of Maple Ridge, the City of Surrey, the City of Richmond, as well as non-private and private lands 
in the Township of Langley.  
  
A map illustrating the Geographic Boundary of the PMP area and applicable lands within the Geographic 
Boundary can be found in Appendix 1.  

 Contact Information  
The primary contact for information relating to this PMP is:  
Rhea Leroux  
Operations Technician, Visitor & Operations Services  
Parks and Environment  
Metrotower III,  
4515 Central Boulevard, Burnaby BC, V5H 0C6  
Tel: 604-432-6294  
Email: rhea.leroux@metrovancouver.org  
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Within Metro Vancouver, the person responsible for managing the program to control larval nuisance 
mosquitoes is:  

David Leavers  
Division Manager, Visitor and Operations Services  
Parks and Environment  
Metrotower III  
4515 Central Boulevard, Burnaby BC, V5H 0C6  
Tel: 604-432-6389  
Email: david.leavers@metrovancouver.org  

 INTEGRATED PEST MANAGEMENT ELEMENTS  
Integrated Pest Management (IPM) is an effective and environmentally sensitive approach to pest 
management that relies on a combination of common-sense practices. IPM programs use current, 
comprehensive information on the life cycles of pests and their interaction with the environment. This 
information, in combination with available pest control methods, is used to manage pest damage by the 
most economical means, and with the least possible hazard to people, property, and the environment. 
The authorized agents and their contractors will consult as required with participating agencies to ensure 
they have current natural resource and environmental information including updated mapping for the 
areas identified within the PMP.  
  
The following Integrated Pest Management components are included in this Pest Management Plan:  

1. Prevention: Planning and managing ecosystems to prevent organisms from becoming pests;   

2. Identification: Identifying potential pest problems;   

3. Monitoring: Monitoring populations of pests and beneficial organisms, pest damage and 
environmental conditions;   

4. Injury Thresholds: Using injury thresholds in making treatment decisions;   

5. Treatment: Reducing pest populations to acceptable levels using strategies that may include a 
combination of biological, physical, cultural, mechanical, behavioural and chemical controls; and 

6. Evaluating Effectiveness: Evaluating the effectiveness of treatments.  

 Prevention 
Habitat plays a major role in mosquito distribution and abundance. Single factors are unlikely to reliably 
predict the variation in mosquito abundance, but many species choose specific habitats for egg laying, 
and microclimatic conditions in different vegetation types seem to favour larval development to varying 
degrees for different species. Altering the habitat in surface water sites can discourage nuisance mosquito 
species from breeding and becoming pests.   
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Preventative management solutions to be considered for use in this PMP that could also be regulated 
under other applicable local, federal and/or provincial regulations (ex. Water Sustainability Act) include:  

• Source reduction, such as filling in of stagnant pools; 

• Habitat enhancement measures, such as alterations in vegetation or introduction of predators and 
competitors; 

• Changes in hydrology such as improved ditch maintenance and water flow management;  

• Mechanical mosquito attractant devices; and 

• Public education/Personal protection. 

2.1.1. Source Reduction  
Source reduction consists of elimination of larval habitats or rendering of such habitats unsuitable for 
larval development.  Most municipalities have access to earth-moving equipment, and can improve 
drainage in ditches, or fill in low-lying areas that may be contributing to local mosquito habitat.  
Eliminating the source of mosquitoes can be an effective method of controlling mosquito populations 
(Kitron and Spielman 1989).    
  
Metro Vancouver and their authorized agents will encourage landowners/occupiers (e.g., municipalities, 
First Nations) to drain or fill unnatural areas on their properties where water can collect. Practices that 
will be encouraged through their authorized agents include, but are not limited to:  

• Eliminating standing water outdoors from empty artificial containers (e.g. flower pots, wheel 
barrows, old tires, barrels, storage drums, abandoned equipment and tin cans) at least once a week 
by emptying them of water, storing them in an inverted position, drilling holes in them, disposing 
or covering them;  

• If water collection is desired, then cover the top with a screen to prevent mosquitoes from laying 
floating eggs;   

• Draining water from swimming and wading pools when not in use, or covering them so that 
mosquitoes cannot lay eggs; keeping water off swimming pool covers and ensuring that the pump 
is circulating water;   

• Changing water in bird baths weekly; installing fountains or aerators in bio-pools, reflector pools or 
other artificial water bodies;  

• Clearing leaves and twigs from tarps, awnings, eaves troughs, storm gutters and roof gutters 
throughout the summer and early fall so water doesn’t pool or collect; checking flat roofs frequently 
for standing water; ensuring drains and drainage ditches are not clogged;  

• Keeping litter, decaying grass, leaves and garden debris out of street gutters/catch basins and refuse 
areas to improve drainage; pumping out accumulated sludge in catch basins or trench drains;  

• Ensuring proper drainage of septic tank fields so mosquitoes cannot lay eggs; draining or filling in 
low areas to eliminate standing water; filling-in or leveling any depressions in the landscape caused 
by tire ruts or excavation; and 

• Educating/encouraging ranchers/agricultural producers to change water weekly in livestock 
watering troughs or stock with fish; stocking water gardens with fish (goldfish) and using pumps to 
circulate water can eliminate mosquitoes from these sources.  
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2.1.2. Habitat Enhancement Measures 
Vegetation: Vegetation, both terrestrial and aquatic, can have an important effect on the suitability of 
habitat for mosquitoes. Vegetation around the perimeter of water bodies provides habitat for adult 
mosquito predators, such as amphibians, insectivorous birds and spiders. Aquatic vegetation also 
provides habitat for larval predators, such as dragonfly nymphs, water beetles and fish, as well as their 
competitors, such as Daphnia and other filter feeders.   
  
Many studies have shown that female mosquitoes can detect light differences (Bates 1949), and many 
vector mosquito species (e.g., Anopheles) seem to prefer laying eggs in sunlit areas. Hasler and Jones 
(1949) found that artificial ponds densely planted with large aquatic plants had significantly lower 
densities of phytoplankton and rotifers than did plant-free ponds, thus limiting food availability for larval 
mosquitoes.   
  
Many ponds and wetlands have cattails (Typha latifolia, Fig. 2) around the littoral zone. Unfortunately, 
these plants have the potential to harbour larvae and pupae of the nuisance mosquito Coquillettidia 
perturbans, which attaches to the submerged roots and stems of the cattail plant using a serrated syphon 
to obtain oxygen directly from the plant tissues. To avoid creating habitat for this species, cattails can be 
cut back and removed entirely but this is a highly labour intensive operation. We now know that 
larvicides, specifically Bacillus sphaericus, can be applied to treat the plants in situ. Alternately, 
mechanical devices, such as Mosquito Magnet® Traps, can be used attract and capture adult mosquitoes 
near ponds containing cattails.  
  
On golf courses and other landscaped areas, problems can arise when grass clippings from greens 
accumulate in nearby ponds (Fig. 3). This can create floating mats of decaying vegetation, which provide 
quiescent, predator-free, nutrient rich areas for larval mosquito development. 
 

 
Figure 1: Floating-leaved Pondweed (Potamogeton natans) 
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Figure 2: Cattails (Typha latifolia) 

 

 
Figure 3: Grass Clippings in a Pond 

 
Predators and Competitors:  Many natural predators feed on mosquitoes, both as larvae and adults, and 
competition from other organisms may also affect mosquito distribution and abundance, particularly in 
the aquatic stages. Potential mosquito competitors include: insects, such as chironomids and corixids; 
molluscs; anuran larvae; amphipods, cladoceran and copepod zooplankton. Common mosquito predators 
include: birds, such as ducks and shorebirds; small fish, such as Cyprinidae and Gasterosteiridae; larval 
salamanders, such as Ambystomatidae and Salamandridae; hydra; water spiders and many types of 
insects, including the Hemiptera (Notonectidae, Naucoridae and Corixidae), Coleoptera (particularly 
Dytiscidae) and Odonata, including the Libillulidae, Aeshnidae, Coenagrionidae and Lestidae.  
  
One example of a small native larvivorous fish is the fathead minnow, which has been used as a successful 
means of controlling mosquito populations in many areas. Fathead minnow (introduced species) show 
particular potential as control agents because they continue to feed on larvae even when other food is 
available and they are also able to survive relatively harsh winters, thus reducing the need for annual 
restocking. Many other fish species may be used for control including native sticklebacks, perch and 
goldfish (invasive species). Mosquito fish (Gambusia sp.) have been used in many northern states of the 
US, but they have caused the elimination of many native species in these areas and they are, therefore, 
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considered to be an undesirable invasive species for introduction into BC waters. Any species 
introductions must be done in consultation with the participating agency and adhere to all applicable 
regulations. 
 
Competitive interactions can have a significant effect in mosquito population dynamics particularly when 
resources are in short supply. For example, tadpoles compete with mosquito larvae for algal resources as 
well as preying on the larvae directly (Mokany & Shine 2003a). In addition, tadpoles may reduce growth 
and survival of mosquito larvae due to associated pathogens (Mokany & Shine 2003b). Promoting the 
abundance of anurans can, therefore, have a significant effect on the reproductive success of adult 
mosquitoes and mortality of their larvae. The abundance of amphibians is often related to increased 
vegetative cover, both submergent and emergent, which provides shade and refuge from predation.   
  
Promoting the presence of mosquito predators and competitors may also contribute indirectly to an 
overall reduction in mosquito density because mosquito habitats become less attractive to females. For 
example, studies have demonstrated that given a choice, females tend to lay eggs in sites without tadpoles 
(Mokany and Shine 2003b).   

2.1.3. Changes in Hydrology 
Water Flow Management: Water flow is a crucial factor in determining mosquito oviposition sites. Gravid 
females of most mosquitoes seldom lay eggs in running or agitated water (Mogi and Montomura 1996; 
Lothrop and Mulla 1996). Furthermore, surface agitation also reduces the numbers of mosquito larvae as 
the airbreathing larvae cannot survive for long periods if the water surface is constantly in motion as it 
disrupts the surface tension at the air/water interface and interferes with the functioning of the 
mosquito’s respiratory siphon (Schober 1966).   
  
Water agitators, aerators and fountains (Figure 4) can all increase surface water movement.  When placed 
appropriately, agitators and fountains can disturb the water surface, redistribute organic material, reduce 
sedimentation levels, and de-stratify oxygen-poor and nutrient-rich water layers. By stabilizing oxygen 
levels, they increase water clarity, reduce opportunities for algal growth, and decrease unpleasant odors 
and fish kills (Diana et al. 1997; Boyd and Egna 1997).  
 

 
Figure 4: Aerators and Fountains Maintain Water Flow in Ponds 
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With the advancement of green technologies in pond maintenance, cost-effective solar and wind driven 
aeration and water circulation devices are now available.   
  

Water Depth: Water depth in a pond greatly influences its suitability as a mosquito oviposition site. High 
water levels have been shown to reduce mosquito survival and encourage a diverse aquatic 
community. While mosquitoes prefer the warmer waters associated with shallow ponds, many mosquito 
predators require cooler water. Therefore, ponds should be deep enough to keep the water at less than 
25°C. In general, ponds should be maintained at a constant minimum water depth of 60cm. If needed, a 
supplementary water supply should be used to maintain these levels during times of low precipitation, in 
accordance with local/regional water restrictions.  

  
Problems can arise during the mosquito season when changes in water levels cause the marginal 
vegetation around the edge of the pond to become waterlogged or to topple over into the water. This 
can create a floating mass of vegetation amongst which small shallow pools can form, providing ideal 
refuge for mosquito larvae from predators, such as fish and macroinvertebrates. The water that gathers 
in these shallow depressions rapidly warms up under direct sunlight and the decaying vegetation provides 
a rich source of nutrients for algal growth upon which the larvae can feed. In such cases, it is advisable to 
cut back the vegetation annually around the edge of the pool provided there are no identified fisheries–
related restrictions or issues.  

2.1.4. Mechanical Devices 
The use of a mechanical mosquito attractants such as the Mosquito Magnet® (Fig. 5) may provide an 
alternative to the use of foggers to control mosquito numbers in some circumstances, such as prior to 
and during outdoor events like soccer games or agricultural shows. Different species of mosquito can fly 
from 2 to 25 miles from where they emerge (Bailey et al. 1965) and dispersal usually occurs along humid 
corridors, such as wooded areas, marshes and creeks where the insects can avoid desiccation. 
Mosquitoes flying in from surrounding areas can be intercepted by Mosquito Magnets® if they are placed 
strategically in known flight paths.  
 

 
Figure 5: Mosquito Magnet Liberty Pro Mode 
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The Mosquito Magnet® mimics a human by emitting a plume of carbon dioxide (CO2) and can be equipped 
with a short-range pheromone attractant, octenol. As the mosquito approaches the trap, it is vacuumed 
into a net where it dehydrates and dies. A consultant published the results of their research study on 
these units in which a significant treatment effect (P < 0.04) was associated with an average decrease of 
about 32% in the average number of adult mosquitoes collected per day. These results suggest that 
Mosquito Magnets® can reduce the abundance of nuisance mosquitoes, potentially reduce the biting 
pressure on the public, and provide another tool in mosquito control operations (Jackson et al. 2012). 
Mosquito Magnets make very little noise and can operate for up to 20 days before the propane, which 
provides the CO2, requires refilling. Several models of Mosquito Magnets are available on the market.  

2.1.5. Public Education  
Metro Vancouver recognizes that public education is an essential component of the Nuisance Mosquito 
Control Program.  The public plays a key role in helping to reduce mosquito development sites and in 
taking preventative measures to avoid bites.  It is important that residents have a good understanding of 
mosquito behaviour and biology, the benefits realized from their control, and the role people have in 
preventing certain mosquito-borne diseases.  When people are informed about mosquito biology and 
controls, they are more likely to mosquito-proof their homes, and eliminate mosquito breeding places on 
their own property.    
  
To educate the public about mosquito biology and personal protection, Metro Vancouver has and will 
continue to:   

• Operate a 24-hour Mosquito Hotline;  

• Develop website material that provides information related to local mosquito control programs, 
general information, personal protective measures;  

• Attend public education events;  

• Produce educational brochures and displays; and,  

• Publish radio, television and newspaper articles and advertising related to protective measures that 
can be used against adult mosquitoes and other relevant topics.  

 INDENTIFICATION  

2.2.1. Pests Targeted by Plan  
Nuisance Mosquitoes:  In the Lower Mainland and Fraser Valley the annual freshet has caused invasions 
of these annoying insects for several months of the year and has threatened to bring outdoor activities to 
a halt in extreme years; seriously hampering open air businesses, such as the lumber trade, fruit growing, 
dairying and the poultry industry. Outdoor recreation has also been seriously impaired; everything from 
soccer and baseball games to hiking and bike riding or simply camping out and barbecuing with friends 
has been a major challenge to many residents and visitors when a severe outbreak occurs. Schools and 
colleges are also restricted in their activities and more recently hotels and health resorts may have been 
forced to close their doors at certain times of the year. The primary goal of the Nuisance Mosquito Control 
Program will be to reduce adult nuisance mosquito annoyance to tolerable levels for residents, visitors, 
schools, business owners, and outdoor recreation participants by implementing integrated mosquito 
management measures. 
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In the Lower Mainland and Fraser Valley, nuisance mosquitoes have historically been comprised of two 
species; Aedes sticticus (Meigen) and Aedes vexans (Meigen) (Hearle 1926). Aedes dorsalis can also be 
found in high numbers in habitats such as coastal salt marshes and inland irrigation channels. Since 2012, 
adult trapping results from the BC Centre for Disease Control (BCCDC 2012) and a contractor (Jackson et 
al. 2018) have also shown a significant increase in the numbers of Coquillettidia perturbans. Pest 
management strategies are focused primarily on the development habitats of these four species.  
 
Aedes sticticus is primarily a floodwater mosquito, associated with floodplains of large rivers (Wood et al 
1979). In the comprehensive study of the mosquitoes of the Lower Fraser Valley, Hearle (1926) found 
that the larval habitat of Aedes sticticus (then Aedes aldrichi) was restricted to the cottonwood bottom 
lands bordering the river. Eggs of this species can remain viable for at least five years so if water levels 
are insufficient to flood the eggs in one year, a large percentage of eggs that will remain viable the 
following year (Cook et al. 1974). Only small numbers of this species were detected in the Lower Mainland 
in the 1970’s and 1980’s (Belton 1983) and numbers were also low in the early years of this century but 
Ae. sticticus re-emerged as a severe nuisance pest in 2007 when a sharp rise in adult populations was 
observed. 
 
Cottonwood stands provide excellent egg-laying habitat for Aedes sticticus due to the bowl-like root 
structure of the tree. These bowl-shaped depressions fill with water as the river rises, either by flooding 
or through seepage. Rotting leaves and other organic debris accumulate in the depressions, attracting 
gravid female mosquitoes and providing algal food for rapid larval development. Once inundated with 
water from the freshet floods or heavy rainfall, the eggs hatch and larval development proceeds, the 
adults emerging in about two to three weeks (Hearle 1926). The female adults of Aedes sticticus are 
aggressive biters and their bite is commonly quite painful (Belton 1983). Although most active at dusk, it 
will bite throughout the day, especially where woods and trees can provide protection from desiccation 
(Hearle 1926). Although the preferred primary larval habitat is amongst riparian cottonwood stands, 
adults have been found from the coast (White Rock) to a number of miles inland. Hearle (1926) found 
that adults of this species migrated as far as 15 miles (~24 km).    
  
Aedes vexans is another floodwater nuisance mosquito, but with a distinctly different preference for 
egglaying (oviposition) sites. In contrast to Aedes sticticus, this species is usually associated with 
grasslands, meadows and other places that are open to direct sunlight and which are subject to vernal 
flooding. Grasslands become flooded when river levels rise and then retreats or after heavy prolonged 
rainfall, providing temporary pockets of water in grassy depressions and tire ruts. Improved grasslands, 
such as farm fields, are often fertilized and the increased nutrient load promotes algal growth and the 
attractiveness to gravid female mosquitoes.  
 
Temporary woodland pools can also support Aedes vexans larvae and has been found in permanent or 
semipermanent habitats such as sloughs and ditches.  
 
During exceptionally wet summers, Aedes vexans can emerge in huge numbers and it is generally 
considered to be the worst mosquito pest in Canada (Wood et al. 1979). The eggs of this species can 
remain viable for several years (Wood et al. 1979). Also, not all eggs hatch when first inundated, and some 
are only triggered to hatch after multiple floods; sometimes as many as four floods are necessary to hatch 
all the eggs. Upon hatching, larval development is temperature dependent, and adults emerge within two 
to four weeks (Hearle 1926). Aedes vexans have been recorded as nuisance biters throughout the day in 
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the Lower Mainland and Fraser Valley. They can take as many as eight blood meals and have been known 
to produce over 500 eggs during their lifetime (Breeland and Pickard 1964). 
 
Aedes dorsalis is more or less a continuous breeder in the summer, due to the tidal nature of the marsh 
areas in which they are found (Belton 1983). Nearby beaches can suffer from the vicious bite of the 
females by day or night (Belton 1983). In the interior plateau, Ae. dorsalis is common, not only in saline 
swamps, but fresh water such as irrigation seepages. The females are vicious biters by day or night (Belton 
1983). Humans and other large mammals seem to be the preferred host of Ae. dorsalis, however, the 
mosquito will feed on large birds if no mammalian hosts are available. If a female is interrupted taking a 
bloodmeal, it will repeatedly return to the same or other nearby host until feeding is complete. Aedes 
dorsalis is also known for its capacity to migrate long distances.   
  
Coquillettidia perturbans is an aggressive biter of humans and can reach extremely high levels in 
abundance during the summer months in Canada (Wood et al. 1979). This results in nuisance problems 
for people living near their larval habitats of permanent ponds and marshes with emergent vegetation. 
Unlike the freeswimming larvae of other mosquito species, larvae and pupae of Coquillettidia perturbans 
remain in the sediment of permanent water bodies attached to roots and stems of emergent vegetation 
(Wood et al. 1979). They are associated mainly with cattails (Typha spp.), but have also been collected 
from sedges (Carex spp.) and reeds (Phragmites spp.) (Wood et al. 1979, Batzer and Ranta 1994). The 
larvae and pupae remain attached to the immersed roots and stems by a modified siphon through which 
oxygen is extracted from the internal tissues of the plant. Since they do not rest at the surface of the 
water like other species, they cannot be collected using standard larval dipping techniques and pose a 
unique problem to control program managers. However, recent research has found that Bacillus 
sphaericus shows promise in controlling the larval populations of this species (Jackson and McMahon 
2013).  
 
A complete list of species in order of abundance collected by the Metro Vancouver Nuisance Program 
since 2006 is provided in Appendix 2. 

2.2.2. How Mosquito Species will be Identified  
Pupae and instars of larval mosquitoes collected during dip sampling will be placed in either small clear 
plastic vials or in ‘Ziploc’ bags, and then placed in a cooler for transport.  For identification purposes, larval 
specimens will be categorized as either ‘early’ (1st or 2nd) or ‘late’ (3rd and 4th) instars. Late instars will 
be preserved for identification in 75% ethanol. Earlier instars will be kept in large containers and reared 
to later instars, which are then preserved for identification. Similarly, pupae will be kept in containers and 
reared to adults to enable accurate identification; newly emerged adults will be placed in a freezer 
overnight before drying and identification. Adult mosquitoes collected during adult sampling will be 
frozen overnight, dried, sub-sampled if necessary and identified to species. A proportion of larvae and 
adults sampled will be identified to species using “The Mosquitoes of British Columbia” (Belton, 1983) 
and the taxonomic key found in Wood, Dang and Ellis (1979).  
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 Monitoring 

2.3.1. Environmental Monitoring  
The majority of nuisance mosquito habitat in participating municipalities results from rising and falling 
levels of water in the Fraser River due to freshets.  As the river levels recede, the floodwater pools become 
isolated and provide prime development sites for mosquitoes.  Each successively higher peak in the Fraser 
River water level can bring a fresh hatch of mosquitoes, flooding greater areas and increasing numbers, 
but invariably fewer than the first hatch caused by the initial flood.  
 
Mosquito management and monitoring programs in the region have identified strong correlations 
between certain environmental factors, such as snow pack accumulations and river levels, and the 
production of nuisance mosquitoes. Aedes vexans, one of the primary nuisance mosquito species in the 
Fraser Valley, is particularly abundant, for example, in years with a high freshet that causes extensive 
flooding during warm weather conditions. Heavy rainfall can also cause extensive short-term flooding 
which can also provide suitable predator-free habitat for larval development.  
 
Metro Vancouver or its authorized agents will examine environmental factors related to mosquito 
development, including mountain snowpack accumulations, ambient air temperature, river flows, river 
levels and precipitation trends to anticipate the potential intensity of mosquito levels for a given year and 
anticipate potential problems before they arise.  Historical environmental data and mosquito abatement 
records will be compared to help predict the potential magnitude of mosquito production prior to the 
start of the abatement program.    

2.3.2. Monitoring of Mosquito Larvae 
Larval mosquito surveillance is the cornerstone of Metro Vancouver’s Nuisance Mosquito Control 
Program.  Metro Vancouver will use larval dip sampling to determine: (i) the presence and identity of 
mosquito species in a particular habitat; (ii) the relative size and timing of an emerging mosquito 
population; (iii) the correct time to apply mosquito larvicides to limit the size of emerging populations of 
adult mosquitoes.  
 
Monitoring Locations: Larval monitoring will be carried out in areas previously identified as development 
sites or potential development sites. As a result of the detailed surveillance over the past twenty years, 
the majority of the known mosquito development habitat locations have been documented in Metro 
Vancouver’s GIS database. These sites provide a starting point for mosquito surveillance surveys each 
year, but there is always the chance that a new species has emerged or an existing one re-emerged as we 
have seen with Aedes sticticus and Coquillettidia perturbans in the last several years. Additional mosquito 
development sites are constantly being identified during the course of the program as the result of citizen 
requests or notification by program coordinators and these are added to the regular surveillance sampling 
schedule as the season progresses, collated into the GIS Database and added to existing habitat maps. 
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Monitoring Methods, Frequency of Monitoring, and Data Collected:   
Surface Waters:  At each surface water monitoring site, mosquito larvae and pupae will be sampled using 
a standard 350mL long-handled dip sampler. The standard larval sampling procedure described in the 
Municipal Mosquito Control Guidelines (Service 1993, Ellis 2004) shall be followed. Larvae will be 
collected from ten dips from surface water sites. Numbers of larvae (early and late instars) and pupae will 
be recorded. Physical factors recorded at each surface water site will include habitat type, habitat 
potential (e.g. permanent, semi-permanent, temporary), water temperature and water level. The 
percentage cover of emergent, marginal, floating and submergent vegetation will also be estimated. In 
general, surface waters should typically be sampled every 7-14 days during the mosquito breeding 
season, depending on habitat type, rainfall, temperature and environmental conditions.    
  
Monitoring for Coquillettidia perturbans: Since Coquillettidia perturbans do not rest at the surface of the 
water like other species, they cannot be monitored using standard larval dipping techniques.  Monitoring 
of adult mosquitoes, as described below, as well as environmental and physical site factors, will be used 
as a proxy for predicting the presence of Coquillettidia perturbans larvae.    

2.3.3. Monitoring of Adult Mosquitoes  
Adult mosquitoes may be monitored using landing biting counts, CDC traps and/or gravid traps. Where 
CDC light traps are used, they shall be baited with dry ice, set out between 2:00 pm and 6:00 pm and 
picked up the next morning between 8:00 am and 11:00 am to ensure the battery has enough power to 
run the fan, trapping the mosquitoes inside the net.  In general, adult mosquitoes shall be sampled every 
14 days from late May until at least September or until mosquito activity is deemed unlikely.   

 INJURY THRESHOLDS 
Unlike other pests, larval mosquitoes do not cause direct environmental or economic damage. The 
damage is caused after the adult emerges and becomes a nuisance when populations are high enough. 
The Nuisance Mosquito Control Program endeavours to help businesses continue to operate outdoors, 
school playgrounds to remain open, recreational activities to continue unabated and residents to be able 
to enjoy summer evenings outside without being pestered relentlessly by mosquitoes.  
  
Surface Waters Injury Threshold: To determine whether nuisance mosquito control is required, when 
numbers of mosquito larvae detected in surface water sites exceed the threshold level of ten or more 
late instar larvae in five dips, application of larvicides proposed for use under this PMP shall be 
considered. This threshold has been chosen to ensure a large enough population of mosquitoes to 
warrant treatment. Larval numbers in relation to the threshold level shall be calculated by the field crew 
at the time of sampling, and control methods can be carried out within one visit.    
 
Coquillettidia perturbans Injury Threshold: To determine whether nuisance mosquito control is required, 
when numbers of adult Coquillettidia perturbans begin to increase in adult traps, application of larvicides 
at sites determined to have potential for the presence of Coquillettidia perturbans proposed for use under 
this PMP will begin. 
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 Pest Treatment 

2.5.1. Non-Larvicide Treatment Options  
Ultimately, the preferred pest treatment options are the non-pesticide prevention methods described in 
detail in Section 2.1 (Prevention).  These include:  

• Source Reduction; 

• Habitat Enhancement; 

• Changes in Hydrology; 

• Mechanical Devices; and 

• Public Education/Personal Protection. 

2.5.2. Bacterial Larvicide Treatment Options 
Larvicides are chemical or biological agents that are applied directly to standing water where mosquito 
larvae are found. Larvicide use depends on the time of year and the current stage of development for 
local mosquito populations. Larviciding has the advantage of: (i) targeting discrete mosquito development 
areas, (ii) reducing mosquito numbers before they become blood feeding adults and (iii) reducing the 
need for adulticides, and so, decreasing overall pesticide use.   
  
Bacillus thuringiensis israelensis (Bti) The active ingredient in two of the most popular and 
environmentally-sensitive products is a Bacillus bacteria. The bacterial cells of Bacillus thuringiensis 
israelensis (Bti) produce a spore and a crystalline protein toxin (endotoxin) as they develop. When the 
mosquito larvae ingest the spores, the endotoxin is activated by alkaline conditions and enzyme activity 
in the larval gut. The activated endotoxin attaches to specific receptor sites resulting in larvae paralysis 
and destruction of the gut wall. Larvae usually die quickly from the activity of the toxin or stop feeding 
and die within 2 or 3 days from the effects of septicaemia (blood poisoning). Because the majority of 
aquatic invertebrates do not have alkaline guts, Bti has no effect on the majority of potential non-target 
organisms, although it might affect some other dipteran larvae. Bti products are applied much like 
synthetic larvicides and treatments are inactivated within a few days in most outdoor situations, because 
Bti bacteria neither reproduce nor persist in the environment in sufficient quantities to provide continuing 
control of target pests. This often necessitates repeated applications within a window of 3 to 14 days 
depending upon the results of monitoring.   
 
Bacillus sphaericus (Bsph):  Another bacterial agent, Bacillus sphaericus (Bsph), has been certified for use 
in Canada which is known to be particularly effective in controlling Culex larvae, especially in highly 
organic water.  Recent research has also found that Bacillus sphaericus shows promise in controlling the 
larval populations of Coquillettidia perturbans (Jackson and McMahon 2013).  Several different varieties 
of Bsph have been found to occur naturally in soil and aquatic habitats, one of which is particularly 
effective against the larvae of mosquitoes. During sporulation, these varieties produce parasporal bodies 
that are ingested by mosquito larvae, releasing a protoxin. This is broken down into an active toxin by the 
midgut enzymes of the larvae, which generally die within 24 - 48 hours of infection. Bsph persists longer 
than Bti in the water body, so it does not have to be reapplied as frequently. Both products affect only 
organisms with alkaline stomachs (e.g. mosquito and black fly larvae) and not those with acidic stomachs 
(e.g. mammals, birds, fish and most other aquatic invertebrates).   
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Bti and Bsph are the most widely used control agents in the fight against mosquito nuisance and are 
employed throughout North America and offer a rapid response causing minimal damage to the 
environment. Bti has been researched for many years and is probably one of the most stringently 
researched pesticides in North America. To date, negligible effects have been discovered on non-target 
organisms.   
  
In Canada, Bti products are marketed under the trade names of VectoBac and Aquabac. Recommended 
for the treatment of surface waters are VectoBac® 200G, which contains the active ingredient Bacillus 
thuringiensis var. israelensis (Bti), as well as VectoLex® CG, which contains the active ingredient Bacillus 
sphaericus (Bsph).  The label for Vectolex® CG was changed in 2015, which prohibited retreatment within 
two weeks.  To comply with the new restrictions, use of Vectolex® CG will be limited to once every two 
weeks, with the use of VectoBac at surface water sites on alternate weeks when necessary.    
 

Table 1:Bacterial Agents Proposed for Controlling Larvae of Nuisance Mosquito Species 

Active Ingredient   Mosquito Species  
Controlled   

Habitats Where Registered For Use *   

Bacillus thuringiensis  
israelensis (Bti)  strain H-
14 (AM6552 and BMP-
144)   

All mosquito species   Temporary and permanent pools in pastures and 
woodlots, irrigation or roadside ditches, natural 
marshes or estuarine areas, catch basins, sewage 
lagoons, storm water retention areas, snow-melt 
pools, tidal water and salt marshes.   

Bacillus thuringiensis 
israelensis (Bti) strain 
SA3A   

All mosquito species   Flood water, pastures, standing ponds, ditches, 
tidal water and salt marshes, catch basins, storm 
water retention areas, water polluted with 
sewage, water with moderate organic content, 
and water with a high level of suspended solids.   

Bacillus sphaericus 
(Bsph)  for surface 
waters   

Culex spp., Culiseta 
spp. Culex spp., 
Culiseta spp., Aedes 
vexans, Aedes 
dorsalis, Coquillettidia 
perturbans.  Other 
Aedes spp. and 
Ochlerotatus spp. 
have varying degrees 
of susceptibility   

Freshwater marshes, salt marshes, flood plains, 
flooded fields, pastures, wetlands, ponds, storm 
water retention/detention and seepage ponds, 
drainage ditches including open storm sewers 
and irrigation ditches.   

 
*Pesticides containing the active ingredients Bacillus thuringiensis israelensis and Bacillus sphaericus must not be 
used in permanent, fish-bearing bodies of water or waters that have permanent, direct, surface-water connections 
with fishbearing bodies of water.  
 
Benefits of Using Biological Agents to Control Mosquito Larvae:  During the spore-forming stage of their 
life cycle, bacteria from the genus Bacillus produce protein crystals.  In the alkaline environment of the 
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susceptible insect’s digestive system, the crystals are dissolved and converted into toxic protein 
molecules that destroy the walls of the insect’s stomach. The insect usually stops feeding within hours 
and dies within days.  The benefits of using these products are that they pose little risk to the applicator 
when they are being applied or through exposure after application and that they have little or no acute 
toxic impact on non-target species due to the rarity of alkaline based digestive systems. One biological 
agent, Bacillus sphaericus has a longer effective duration if applied when larvae are present.  The bacteria 
can subsist and multiply, and therefore remain an effective larvicide, living on the cadavers of the 
mosquito larvae. This is one advantage Bsph has over the other biological agent, Bti.    
  
Limitations of Using Biological Agents to Control Mosquito Larvae: The primary limitation in using 
biological bacterial agents from the genus Bacillus to control mosquito larvae is the limited treatment 
time window that is available. Treatments are generally only effective on 2nd and 3rd instar larvae, with 
treatments against later development stages (i.e., late 3rd or 4th instar larvae) only partly effective unless 
higher application rates are used. Consequently, an increased frequency of monitoring may be required 
to ensure that applications are made within the treatment-time window. The secondary limitation is that 
because of the rapid breakdown of these products in water through exposure to sunlight and aquatic 
microorganisms (generally 48 to 72 hours), treatments have to be repeated if monitoring confirms the 
presence of mosquito larvae.   
  
Rationale/Selection Criteria for Using Biological Agents to Control Mosquito Larvae: Mosquitoes are 
most efficiently and economically controlled when they are concentrated as larvae in their aquatic 
habitat. The primary selection criteria for using biological bacterial agents from the genus Bacillus is that 
they are well suited for use in an integrated pest (mosquito) management program. They have been 
shown to have minimal impact on most other beneficial organisms that may be present in mosquito 
breeding sites. Apart from mosquito larvae, biological bacterial agents belonging to the genus Bacillus 
have been shown to be toxic to only black flies and some chironomid (midge) larvae.   

2.5.3. Making a Treatment Decision Involving Larvicide  
The following criteria shall be used to make decisions regarding the potential application of larvicides 
proposed for use under this PMP:  
 

Source Sampling and Assessment  
 

Are endangered species present? Yes  Has participating agency representative been 
consulted?  Avoid disturbing endangered 
species. If collected, return endangered 
species to habitat.  Sample mosquito 
development site,  then consider preventive 
physical measures 

No 
 
 

  

Environmentally sensitive habitat? Yes  Has participating agency representative been 
consulted?  Sample mosquito development 
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site, then consider preventive physical 
measures 

No 
 
 

  

Will mosquitoes develop in the 
habitat? 

No Has participating agency representative been 
consulted?  Sample mosquito development 
site, then consider preventive physical 
measures  

Yes 
 
 

  

Sample mosquito development site  
Then consider Preventive Physical 
Measures 

  

 
 

Preventive Physical Measures  
 

Can I remove the mosquito development site? 
Or, Can I removed the water? 
Or, Can I drain the mosquito development 
site? 

Yes Take necessary preventative physical 
measures if they do not disturb 
endangered species or sensitive 
habitats. 

No 
 

  

Can habitat be modified to reduce mosquito 
development? 

Yes Consult with participating agency 
representative, then take necessary 
preventive physical measures if they 
do not disturb endangered species or 
sensitive habitats. 

No 
 

  

Consider Ecological Criteria   
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Ecological Criteria and Target Population Modification  
 

Number of larvae present? Less than 10 – 3rd or 4th instar in 
5 dips 

Do not treat 
Set a return inspection date 

More than 10 – 3rd or 4th 
Instar in 5 dips 

 

  

Apply larvicide   

Surface Water Larvicide Treatment Decision Matrix   
 

Mosquito stages present? Eggs or pupa Do not treat 
Set a return inspection date 

1st to 4th instar or pupa. 
 

  

Number of larvae present? Less than 10 larvae/site from less 
than 10% of sample sites. 

Do not treat 
Set a return inspection date 

More than 10 larvae/site from 
more than 10% of sample sites. 

 

  

Apply larvicide   

 

 Evaluating Effectiveness 

2.6.1. Evaluating the Effectiveness of Pesticide Use on Pest Populations 
Post-treatment monitoring of larval or adult mosquitoes shall be undertaken to allow comparison with 
pretreatment population levels so that the effectiveness of the mosquito control method(s) employed 
can be determined. The monitoring methods and data collected that will be used to assess larval and 
adult mosquito populations after controls have been applied will be the same as those employed before 
control.   
  
All of the biological larvicides proposed for use under this PMP for larval mosquito control cause the 
mosquito larvae to stop feeding within hours of application and death within days. Consequently, post-
treatment levels of larval mosquito populations can be conducted within 24 to 48 hours of larviciding 
treatments. Larval sampling methods and data collected will be the same as with pre-treatment 
monitoring (i.e., using dip samples). The numbers of larvae observed during the post-treatment 
observations will be compared with pretreatment numbers so that the effectiveness of larviciding can be 
documented.  It is important to note that even after a successful treatment, first-instar larvae may be 
found that have not yet ingested sufficient quantities of bacteria to cause death.  These larvae will perish 
in the short-term, without requiring retreatment.    
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2.6.2. Evaluating Environmental Impacts and Non-Target Effects of 
Larviciding 

Bacterial agents belonging to the genus Bacillus have not been shown to have adverse environmental 
impacts when applied according to label directions, and no lasting adverse effects on populations of 
invertebrates or other non-target aquatic organisms (Painter et al. 1996, Jackson et al. 1993). The 
published literature regarding post-treatment monitoring of non-target organisms and environmental 
effects will be monitored when it becomes available for further information and development of 
mitigation strategies if required. 

 OPERATIONAL INFORMATION  

 Safe Pesticide Transportation  
The transportation of larvicides shall comply with all current federal and provincial legislation governing 
their transport. In addition, personnel shall follow these procedures for safely transporting larvicides 
proposed for use under this PMP: 

• Limit the amount of larvicides that will be carried in any one vehicle. The quantity shall be no more 
than what is necessary for each project, except where transportation occurs between storage 
facilities; 

• Ensure that larvicides are carried in a compartment that is secured against spillage and 
unauthorized removal. The compartment shall be separate from food and drinking water, personal 
safety equipment, spill containment equipment and people; 

• Inspect all larvicide containers for defects prior to transporting; 

• Ensure that all transport vehicles are equipped with a first aid kit, fire extinguisher, spill contingency 
plan and kit, and that the vehicle operator has been trained on how to handle spills; 

• Ensure that all documents and placards are carried in, or placed on, transport vehicles if required; 
and 

• Read and understand the larvicide labels and the Material Safety Data Sheets (MSDS) for all  
larvicides being transported.   

 Safe Pesticide Storage  
The storage of larvicides shall comply with all current federal and provincial legislation governing their 
storage. In addition, personnel shall follow these procedures for safely storing larvicides proposed for use 
under this PMP:   

• Ensure that larvicides are stored in accordance with the IPMA, IPMR and WorkSafe BC document 
Standard Practices for Pesticide Applicators; 

• Keep larvicides in their original containers and with original packaging. If original packaging is not 
available, the larvicides shall be placed in appropriate containers that have the trade name, active 
ingredient concentration and larvicide registration number affixed to the outside of the container; 
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• Ensure that storage facilities are locked when left unattended, ventilated to the outside 
atmosphere, and that there is a placard affixed and maintained on the outside of each door leading 
into the storage area bearing, in block letters that are clearly visible, the words “WARNING – 
CHEMICAL STORAGE – AUTHORIZED PERSONS ONLY”; and 

• Keep storage facilities separate from work and living areas, and away from food, flammable 
materials, bodies of water and water sources. 

In addition, contractors working under this PMP shall notify the appropriate fire department of the 
presence of the larvicides on the premises.   

Some contractors may store larvicides for extended periods of time in vehicles. The vehicle is then 
considered a mobile storage unit. The person responsible for the larvicide storage will ensure that all 
larvicides are stored such that non-authorized persons cannot access the larvicides.  

 Safe Pesticide Mixing, Loading, and Application  
Procedures for safely mixing, loading and applying larvicides shall comply with all current federal and 
provincial legislation. In addition, personnel shall follow these procedures for safely mixing, loading and 
applying larvicides proposed for use under this PMP:   

• Ensure that all mixing, loading and application of larvicides is carried out by Certified Pesticide 
Applicators, and that all manufacturers’ recommendations, as specified on the larvicide labels, are 
adhered to; 

• Ensure that all mixing, loading and application of larvicides is undertaken in a safe manner. All 
mixing and loading shall be undertaken only in areas at least 15 meters from, and selected to 
prevent, any spilled larvicides from entering pesticide-free zones, no treatment zones, bodies of 
water, fish or wildlife habitat, water sources, or other environmentally sensitive areas; 

• Ensure that containers used to mix, prepare or apply larvicides are not washed or submerged in 
any body of water; 

• Ensure that eye wash station(s), protective clothing, safety spill kits, spill response plans, a copy of 
this PMP, each larvicide product’s MSDS, emergency telephone numbers and first aid supplies are 
present and available at or near the treatment site; and 

• Ensure that all directions and restrictions listed on larvicide product labels, including adhering to 
the recommended re-entry times to treated areas are followed by personnel unless personal 
protective equipment is worn. 

 Safe Pesticide Disposal  
The safe disposal of empty larvicide containers and unused larvicides shall comply with all current federal 
and provincial legislation governing their disposal. In addition, personnel shall follow these procedures 
for safely disposing of empty larvicide containers and unused larvicides proposed for use under this PMP:   

• Ensure that all larvicide waste is disposed of in a manner consistent with the requirements of the 
BC Waste Management Act and the Special Waste Regulations, as appropriate; 
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• Ensure that empty larvicide containers are returned to the larvicide distributor as part of their 
recycling program (if applicable); or triple rinsed or pressure rinsed, altered so that they cannot be 
reused, and disposed of in a permitted sanitary landfill or other approved disposal site; and 

• Ensure that all leftover larvicide mix is stored for future use in a manner consistent with the 
requirements specified.  

 Response to Pesticide Spills  
The procedures for responding to larvicide spills shall comply with all current federal and provincial 
legislation governing spill response. In addition, personnel shall follow these procedures for responding 
to spills involving larvicides proposed for use under this PMP:   

• Spill treatment equipment shall be present at the site or in nearby storage (including mobile 
storage), mixing and loading sites and shall include: personal protective equipment, absorbent 
material, neutralizing material, a long handled broom, shovel, and a waste-receiving container with 
lid.  

• A copy of an approved spill response plan shall be at or near each work site, and all personnel 
working on the project shall be familiar with its contents.   

• All personnel shall be protected from larvicide contamination by wearing appropriate protective 
clothing and safety gear.   

• Any person exposed to larvicide shall be moved away from the place of the spill.  

• First aid shall be administered, if required.   

• The source of the spill shall be stopped.   

• The spilled material shall be stopped from spreading by creating a dam or ridge.   

• The project supervisor shall ensure that operations cease until the spill is contained and the source 
is repaired.   

• Absorbent material shall be spread over the spill, if applicable, to absorb any liquid.   

• The absorbent material shall be collected in garbage bags or containers with contents clearly 
marked.   

• Contaminated soil or other material shall be removed from the spill site and placed in garbage bags 
or containers.   

• The person responsible for the project shall contact the BC Ministry of Environment, Environmental 
Protection Program for disposal requirements.   

• When more than 5 liters or 5 kg of larvicide are spilled, the person responsible for the project shall 
immediately report to the Provincial Environmental Emergency Program by telephoning 1-800-
6633456 or, where that is not practical, to the local police or nearest detachment of the RCMP, and 
to the appropriate regional office of the BC Ministry of Environment.  

• An approved representative of Metro Vancouver and relevant Municipal Coordinator shall be 
notified of the details related to the spill as soon as practical by the authorized agent and/or the 
project supervisor. In addition, section 24 of the Drinking Water Protection Act requires notification 
of the Drinking Water Officer if a spill endangers drinking water.  
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 Pesticide Information 

3.6.1. Pesticides Used  
The following larvicides are proposed for use under this PMP:  

• Larvicide - Bacillus thuringiensis var. israelensis (Bti) – VectoBac 200G - PCP# 18158;  

• Larvicide - Bacillus thuringiensis var. israelensis (Bti) – Aquabac 200G - PCP# 26862; 

• Larvicide - Bacillus thuringiensis var. israelensis (Bti) – Aquabac 200G - PCP# 26863; 

• Larvicide - Bacillus thuringiensis var. israelensis (Bti) – Aquabac XT - PCP# 26860; and 

• Larvicide - Bacillus sphaericus (Bsph) – VectoLex® CG - PCP# 28008. 

3.6.2. Larvicide Application Methods 
The following application methods shall be considered for the larvicides proposed for use under this PMP:  
 

Bti and Bsph  
  
There are four standard methods of applying granular formulations of Bsph and Bti: by hand, backpack 
blower, truck sprayer/ATV mounted blower or aerial (helicopter). The choice of application method shall 
depend on the size and accessibility of the treatment area.  
  
Hand Application - This application of larvicide is most suitable for small bodies of water that are 
accessible by foot. Larvicide can either be scattered by hand or by a manually-operated grass seed 
spreader.   
  
Backpack Blower - Larger bodies of water with larval habitat up to 10 metres from the shoreline require 
application of larvicide with a backpack blower. Marshy areas with relatively firm bottoms where the 
water level is low can also be treated using this method.  
  
Truck Sprayer or ATV Mounted Blower - A truck-mounted device is most suitable for applying larvicide to 
roadside ditches and water bodies alongside dykes. Larger marshes and fens are best treated by ATV 
mounted backpack blower units.   
  
Helicopter - For more extensive areas (i.e., > 5 ha) and/or where vehicle and foot accessibility is limited, 
aerial larvicide application is commonly used and is often the most effective. The granular form of Bti is 
applied from a hopper that hangs below or is fixed to the helicopter with a regulator that can be adjusted 
to set the application rate from within the aircraft. Helicopter applications are recorded by GPS units in 
the aircraft and treatment areas can be identified for the pilot prior to take off. 
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 ENVIRONMENTAL PROTECTION STRATEGIES 

 Water Body and Community Water Sources Protection  
Metro Vancouver or their authorized agents shall confirm the location and geographic boundaries of 
community watersheds within the plan area prior to the use of larvicides for mosquito control. If required, 
a database maintained by the BC Ministry of Agriculture and Lands, Integrated Land Management Bureau 
(ILMB) will be accessed for this information.   
  
The former Forest Practices Code of British Columbia Act contained guidelines to protect community 
watersheds during pesticide applications. Although these guidelines are not legally required, the 
applicable guidelines that Metro Vancouver and their authorized agents will implement as part of their 
strategies to protect community watersheds include:   

• Verifying the location of community watersheds within the PMP area; 

• Not storing larvicides within a community watershed for more than 24 hours prior to their use, and 
removed from the community watershed within 7 days of their use, unless they are stored in a 
permanent structure; and 

• Discontinuing larvicide applications if pesticide residues or pesticide breakdown products are 
detected at a community watershed water intake, and refraining from further larvicide applications 
until the local Medical Health Officer has been satisfied that all required measures have been 
implemented to preserve water quality.   

The IPMR stipulates that mosquito larvicides cannot be applied to permanent, fish bearing watercourses 
or waters that have permanent, direct, surface-water connections with fish bearing watercourses.  
  
With the exception of drinking water sources, or determining the location of permanent, fish bearing 
watercourses or waters that have permanent, direct, surface-water connections with fish bearing 
watercourses (where mosquito larvicides cannot be applied), strategies for the protection of water 
sources and bodies of water will not be implemented during larvicide use (bacterial or chemical) for larval 
mosquito control.   
  
All larvicides proposed for use under this PMP to control larvae are bacterial agents belonging to the 
genus Bacillus. As is noted in the Table 2, these products are exempted in the IPMR from both the NTZ* 
and PFZ* requirements for protection of water sources and bodies of water because of their very low 
toxicity and environmental impact.    
  

* Definitions: 
Pesticide-free zone (PFZ): An area of land that must not be treated with pesticides, and must be protected 
from pesticides moving into it. A PFZ is measured by the horizontal distance from the high water mark.  
  
No-treatment zone (NTZ): An area of land that must not be treated with pesticides.   
 
Watercourse: Any watercourse or body of water, such as a stream, river, wetland, or lake (as defined in 
the Provincial Riparian Areas Regulation or Water Sustainability Act), but not including a human-made, 
selfcontained body of water or structure of water.   
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Table 2: Minimum Water Protection Measures Specified in the IPMR for Larvicide Applications for 
Mosquito Control 

 IPMR 
Section  

Notes  

Bacterial Larvicides      

Must maintain a 30m NTZ* around a water 
supply intake or well used for domestic or 
agricultural purposes, including water for  
livestock or for irrigation of crops   

71(3)  Exempted from NTZ requirements by 
Section 71(12) IPMR)   

Must maintain a NTZ between outdoor 
pesticide use area and a body of water* that is 
sufficient to prevent the release of pesticide 
spray or runoff into the body of water  

71(5)  Exempted from NTZ requirements by 
Section 71(12) IPMR)  

A minimum 10m PFZ* must be maintained 
around or along bodies of water, dry streams 
and classified wetlands   

73(1)  Exempted from PFZ requirements by 
Section 78(2) IPMR  

Must not be used in permanent, fish bearing 
bodies of water or waters that have 
permanent, direct, surface-water connections 
with fish bearing bodies of water.  

78(1)    

  
* Section 71(4) of the IPMR states that the 30 meter NTZ may be reduced if the confirmation holder for 

this PMP is reasonably satisfied that the smaller zone will ensure that pesticide from the use will not 
enter the water supply, intake or well.   

 
The following strategies will be implemented to identify and protect water supply intakes or wells used 
for domestic or agricultural purposes (including water for livestock or for irrigation purposes) and to 
identify and protect bodies of water, dry streams and classified wetlands prior to the application of 
larvicides for mosquito control:   

• Determining and mapping/recording the location of permanent, fish bearing bodies of water or 
waters that have permanent, direct, surface-water connections with fish bearing bodies of water, 
and ensuring the locations are provided to all personnel prior to application of larvicides.   

• Larvicides will not be applied to permanent, fish bearing bodies of water or waters that have 
permanent, direct, surface-water connections with fish bearing water bodies.   

 Fish and Wildlife Protection 
All of the bacterial larvicides proposed for use within this PMP have low or very low toxicity to fish and 
aquatic organisms.   
  
In addition to the PFZ’s and NTZ’s specified in Table 2, Metro Vancouver and its authorized agents shall 
exercise caution when working with mosquito larvicides adjacent to riparian areas, sensitive wildlife 
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habitat, and permanent, fish bearing bodies of water or waters that have permanent, direct, surface-
water connections with fish bearing bodies of water.   
The strategies that will be employed to protect riparian areas, sensitive wildlife habitat, and permanent, 
fish bearing bodies of water or waters that have permanent, direct, surface-water connections with fish 
bearing bodies of water include:   

• Determining and mapping/recording the location of riparian areas, sensitive wildlife habitat, and 
permanent, fish bearing bodies of water or waters that have permanent, direct, surface-water 
connections with fish bearing bodies of water, and ensuring the locations are provided to all 
personnel prior to application of mosquito larvicides; 

• Preventing the fueling of machinery/application equipment or mosquito larvicide mixing within 15 
meters of riparian areas, sensitive wildlife habitat, and permanent, fish bearing bodies of water or 
waters that have permanent, direct, surface-water connections with fish bearing bodies of water; 
and 

• Preventing the disposal of larvicides or their containers within 15 meters of riparian areas, sensitive 
wildlife habitat, and permanent, fish bearing bodies of water or waters that have permanent, direct, 
surface-water connections with fish bearing bodies of water.   

 Food Protection 
The larvicides proposed for use in this PMP will not cause contamination of food intended for human 
consumption. This is due to their use exclusively in aquatic, non-fish bearing areas. Other than proper 
storage, no extra precautions need to be taken to prevent contamination of food intended for human 
consumption by larvicides.   

 Boundary Inspection Procedures 
Metro Vancouver or its authorized agents will establish and implement the following strategies and 
procedures prior to the application of mosquito larvicides:   

• Conduct a pre-treatment inspection to establish/confirm treatment area boundaries and to confirm 
the location of:   

o Domestic and agricultural wells and water supply intakes, including water for livestock or for 
irrigation of crops; 

o Bodies of water, dry streams and classified wetlands; 

o Permanent, fish bearing bodies of water or waters that have permanent, direct, surface water 
connections to fish bearing bodies of water; 

o Riparian areas and sensitive wildlife habitat; and 

o Other sensitive environmental features requiring protection. 

• Identify, mark/flag the locations of No Treatment Zones (NTZs) and Pesticide Free Zones (PFZs) (and 
their buffer zones) that are required based on the results of the pre-treatment inspection.   

• Conduct a pre-treatment meeting and/or site visit with all personnel involved in larvicide treatments 
to ensure that:   

o They will have a copy of the PMP in their possession when applying larvicides; 
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o They are aware of the treatment area boundaries and the locations of NTZs, PFZs (and their 
buffer zones); and 

o They are able to meet the appropriate regulatory requirements and standards when applying 
the larvicides (e.g. posting treatment notices with the required form and content at the required 
locations).  

 Maintenance and Calibration of Pesticide Equipment 
All pesticide application equipment used by Metro Vancouver or its authorized agents shall be safe, clean, 
in good repair, compatible and appropriate for the larvicide being applied.   
  
A wide variety of application equipment may be used to apply larvicides by ground and aerially including 
backpack sprayers, granular spreaders hung from helicopters. All equipment used to apply larvicides shall 
be calibrated at regular intervals throughout the season.  Application equipment shall be re-calibrated 
when larvicide active ingredients or formulations are changed, at the beginning of each day of treatment, 
and immediately when variation in output is noticed.   

 Weather Monitoring Procedures and Changes 
Prior to, and periodically during larviciding applications, measurements will be made to record weather 
conditions. Specifically, measurements will be made and recorded of:   

• Wind speed and direction;  

• Precipitation; 

• Air temperature; and 

• Sky conditions (clear, overcast, cloudy, partly cloudy). 

Environment Canada shall be consulted for up to date local forecasts and predictions as to future rainfall 
events. Every effort shall be made to ensure that weather conditions are suitable for larvicide application, 
and are consistent with pesticide label requirements.   

 REPORTING, NOTIFICATION AND CONSULTATION  

 Reporting  
Accurate record keeping allows Metro Vancouver and the Administrator, Integrated Pest Management 
Act (IPMA), to:  

• Monitor the quantity of larvicide used;  

• Ensure compliance with the Integrated Pest Management Regulation (IPMR);  

• Ensure compliance with the commitments made in this PMP; and 

• Ensure compliance with the contents of the Pesticide Use Notice (PUN).  

  



 

 
 Mosquito Pest Management Plan | 27 

Metro Vancouver will ensure that each of the required records described below are maintained by the 
authorized agents and their contractors.  

5.1.1. Confirmation Holder Use Records  
Each contracting firm that applies larvicides under this PMP must maintain daily records of larvicide use.  
Section 37(1) of the IPMR describes the requirements for these records. The following records must be 
kept for each treatment location and day of use:  

• The date and time of the larvicide use;  

• The species of mosquito larvae targeted by the use or the purpose of the larvicide use;  

• The trade name of each larvicide used and its registration number under the federal Act;  

• For each larvicide used, the method and rate of application and the total quantity used;  

• The prevailing meteorological conditions including temperature, precipitation and velocity and 
direction of the wind, these conditions should be measured at the beginning of each day before 
starting treatment, re-measured if obvious changes in environmental conditions occur throughout 
the day, and re-measured at the end of any treatment day; and,  

• A record for each piece of larvicide application equipment that requires calibration showing when 
the equipment was calibrated and the data upon which its calibration was based.   

In addition to maintaining daily records of larvicide use, all users of the PMP will retain records of site 
assessments as well as operational larvicide and other treatment records. These records will include:  

• Site assessments and inventory forms;  

• Treatment notifications;  

• Maps of treatment sites; and  

• Pre and post treatment records of sites.  

5.1.2. Annual Report for Confirmation Holders  
In accordance with Section 39 of the IPMR, Metro Vancouver will provide to the Administrator, IPMA, the 
following information for each calendar year by January 31 in the next calendar year for operations 
conducted under this PMP during the calendar year:  

• The name and address of the confirmation holder, and their confirmation number;  

• Trade name and active ingredient of the larvicide(s) applied, including their PCP numbers;  

• Locations and total area treated (ha); and, 

• Quantity of each active ingredient applied (kg).  

 Notifications  
Metro Vancouver commits to providing the following notifications with respect to this PMP. 
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5.2.1. Notification of PMP Confirmation  
Metro Vancouver will, within seven days of the PUN confirmation date, make available, for the term of 
the confirmation, a copy of the PMP at their Head Office to allow inspection by the public. Upon request 
Metro Vancouver will provide a copy of the PMP for a fee as per the prescribed amount indicated in the 
IPMR.   

5.2.2. Annual Notice of Intent to Treat  
As per section 42 of the IPMR, for the purpose of an annual Notice of Intent to Treat, Metro Vancouver 
will prepare and retain a detailed map showing the treatment locations for the applicable calendar year, 
which indicate the following for each treatment location:  

• The proposed treatment areas; and  

• The geographic or other sensitive features that require a PFZ or NTZ.  

Metro Vancouver will forward, in writing, to the Ministry of Environment (MoE), at least 21 days prior to 
treatment in each year during which the PMP is in effect, an Annual Notice of Intent to Treat (NIT) for the 
following year. The NIT will be submitted to each Regional Office of MoE within whose geographic 
boundaries larvicide applications are being proposed. This NIT will identify:  

• Name and business location of confirmation holder(s);  

• Proposed treatment areas; 

• Proposed treatments;  

• Larvicides proposed for use and their method of application; and 

• The total area proposed for treatment.  

5.2.3. Requests to Amend the PMP  
Metro Vancouver will forward, in writing, to the MoE, amendments requested for the PMP. Amendment 
requests to add new application techniques or similar changes will not require further public consultation 
or First Nations consultation; provided that the amendment request is within the existing geographic 
boundary identified in the PMP.  Amendments to add additional treatment areas outside of the existing 
geographic boundary or to add new active pesticide ingredients will require further public consultation 
and First Nations consultation.  

5.2.4. Notification of Contravention  
Section 72(1)(d) of the IPMR requires that a confirmation holder give written notice to the administrator 
on a contravention of the IPMA or IPMR that involves the release of a pesticide into the environment. 
Metro Vancouver commits to abiding by this requirement. In addition, Metro Vancouver has implemented 
contractor guidelines to ensure compliance. Failure of the contractor to observe the following 
requirements may be cause for contractor dismissal:  

• Violation of the requirements of the IPMA or the IPMR;  

• Mixing of larvicides in inappropriate locations such as near environmentally sensitive zones;  
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• Failure to use adequate personal protective equipment when required by the product label;  

• Application of treatment larvicides within prohibited zones;  

• Improper cleanup or reporting of spills;  

• Application of larvicides by uncertified personnel without appropriate supervision;  

• Improper disposal of unused larvicides or containers;  

• Improper equipment calibration;  

• Application of larvicides under inappropriate or unsafe conditions;  

• Failure to properly complete and submit daily operating logs or records; or,  

• Handling, storing, mixing, transporting, or applying larvicides in a manner that violates product 
labels.  

5.2.5. Public Notification Prior to Treatment  
Notification of individuals, communities and organizations will be completed prior to treatments as 
specified in the Public Notification Requirements section of the Integrated Pest Management Act and 
Regulation  

5.2.6. First Nations Notification Prior to Treatment  
Notification of First Nations will be completed prior to treatments as specified in the Integrated Pest 
Management Act and Regulation and Ministry of Environment Draft Guidelines for IPM Proponents 
Conducting Consultations with First Nations.   

5.2.7. Posting of Treatment Notices  
Where required, Treatment Notices will be posted prior to treatments in locations so that they are clearly 
visible and legible from each approach maintained by Metro Vancouver for public/contractors to access 
the treatment area or at locations where due diligence would seem to require them. The signs shall 
remain posted for 24 hours following larvicide application, and contain the following information:  

• The trade name and active ingredient of the larvicide that will be used;  

• The date and time of the larvicide used;  

• The purpose of the treatment;  

• The method of application;  

• Precautions to be taken to prevent harm to people entering the treatment area;  

• The PUN confirmation number;  

• Metro Vancouver(s) contact information; and,  

• For each treatment location, the applicator will maintain a record of where notices were posted.  
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The Treatment Notices shall be:  

• A minimum size of 550 sq. cm;  

• Water resistant; and 

• Display the title “Notice of Pesticide Use” in bold letters that are clearly legible to a person 
approaching the treatment area. Substitution of “pesticide” with “larvicide” or another appropriate 
category of pesticide is permissible.  

 Consultations  

5.3.1. First Nations Consultations  
First Nations consultations will be conducted in compliance with the Integrated Pest Management Act 
and Regulation, and Ministry of Environment Draft Guidelines for IPM Proponents Conducting 
Consultations with First Nations. The IPMR (section 61(2)) specifies that communication with an individual 
or member of an organization or community, who may be significantly impacted by a proposed pesticide 
use under a plan, must commence at least 45 days in advance of submitting a Pesticide Use Notice.  
  
Apart from meeting these regulations and guidelines, the objectives of conducting First Nations 
consultations are:  

• To increase First Nations awareness of the PMP process and of the principles of Integrated Pest 
Management which are embodied in the PMP;  

• To ensure that First Nations have an opportunity to identify concerns, and for Metro Vancouver to 
address those concerns before the PMP is finalized and a Pesticide Use Notice submitted for 
confirmation;  

• To ensure a transparent and accountable review process for the PMP; and 

• To explain how the planning process that is described in the PMP recognizes the need to protect 
human health and the environment.  

Draft Guidelines for First Nations Consultation  
When the Integrated Pest Management Act (IPMA) and Regulation (IPMR) were introduced in December 
2004, the provincial government made a commitment to develop and implement procedures for First 
Nations consultation. Appropriate consultation is necessary when industry or government agencies 
develop plans for pest management activities that may potentially adversely impact First Nations' rights 
or interests. The Ministry of Environment has prepared draft guidelines to be used by pest managers as 
guidance when First Nations consultation is required. These draft guidelines are largely based on previous 
requirements for First Nations consultation under the former Pesticide Control Act. The Ministry asks that 
proponents use the Draft Guidelines when pest management activities are in areas where a First Nation 
asserts aboriginal interests or has treaty rights. The Ministry will monitor industry use of the guidelines.  
In instances where aboriginal interests or treaty rights might be adversely impacted by pest management 
activities under the IPMA, the Ministry will assess the proponent's conduct and fulfillment of the 
consultation steps in the guidelines.  
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The First Nations covered by the PMP include:  

• Cowichan Tribes  

• Douglas First Nation  

• Halalt First Nation  

• Katzie First Nation  

• Kwantlen First Nation   

• Kwikwetlem First Nation  

• Lake Cowichan First Nation  

• Leq’a:mel First Nation (Lakahahmen)  

• Lil’wat Nation (Mount Currie)  

• Lyackson First Nation  

• Matsqui First Nation  

• Musqueam Indian Band  

• Pauquachin First Nation  

• Penelakut First Nation  

• Peters First Nation  

• Samahquam First Nation  

• Seabird Island Band  

• Semiahmoo First Nation  

• Shxw’ow'hamel First Nation  

• Skatin Nations  

• Skawahlook First Nation  

• Soowahlie First Nation  

• Squamish Nation  

• St'at'imc Chiefs Council (Lillooet Tribal Council)  

• Sto:lo Nation   

• Sto:lo Tribal Council  

• Stz'uminus First Nation  

• Tsartlip First Nation  

• Tsawout First Nation  

• Tsawwassen First Nation  

• Tseycum First Nation  

• Tsleil-Waututh Nation  
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First Nations Consultation Report  
  
In order to facilitate Ministry consideration of the adequacy of First Nations consultations and of Metro 
Vancouver’s response to any issues raised, Metro Vancouver will prepare a report that describes the 
consultation process and outcomes. This report will be submitted to the Administrator, IPMA, in 
conjunction with the submission of the Pesticide Use Notice application.  

5.3.2. Public Consultations and Public Consultations Report  
Prior to submitting a Pesticide Use Notice to MoE for PMP confirmation, Metro Vancouver will carry out 
a consultation process with the public.  The objectives of conducting consultations when this PMP is at 
the draft stage are:  

• To increase public awareness of the PMP process and of the principles of Integrated Pest 
Management which are embodied in the PMP;  

• To ensure that the public have an opportunity to identify concerns, and for Metro Vancouver to 
address those concerns before the PMP is finalized and a Pesticide Use Notice submitted for 
confirmation;  

• To ensure a transparent and accountable review process for the PMP;  

• To explain how the planning process that is described in the PMP recognizes the need to protect 
human health and the environment.    

The public will be consulted of the PMP development via notices in local community newspapers within 
the geographic boundary of the plan.  As per Section 61(1) of the IPMR, at least 45 days before submitting 
a Pesticide Use Notice, the first of 2 notices, at least 40 cm² in size, will be published within a 2-week 
period in newspapers circulated in the various communities (or nearest communities).  During the public 
consultation process, the draft PMP will be accessible by the public, as stated in the notices, and on the 
Metro Vancouver website to allow the public to view and download the PMP text and maps. Metro 
Vancouver will compile and retain a Public Consultation Report that contains:  

• A summary of public consultations, including the names and addresses of those who provided 
input, the nature of their concerns and/or recommendations, and Metro Vancouver’s response to 
the input from the public; and  

• A list of newspapers in which notification of the pending PMP submission appeared, along with the 
publication dates, and a photocopy or tear sheet of a representative advertisement.  
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APPENDIX 1: GEOGRAPHIC SCOPE OF THE METRO VANCOUVER 
PMP  
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APPENDIX 2: MOSQUITO SPECIES COLLECTED IN NUISANCE 
MOSQUITO CONTROL PROGRAM 2006-2018  
 

Species 2006-2013 2014-2018 Total Percent Composition 
Aedes dorsalis 12934 17511 30445 33.20% 
Culex pipiens 7957 9827 17784 19.40% 

Culex territans 8478 7762 16240 17.70% 
Aedes vexans 5762 5193 10955 11.90% 

Culiseta incidens 3652 3836 7488 8.20% 
Culex tarsalis 2675 1267 3942 4.30% 

Aedes sticticus 576 1069 1645 1.80% 
Anopheles punctipennis 786 713 1499 1.60% 

Aedes cinerus 512 301 813 0.89% 
Aedes increpitus 195 0 195 0.21% 
Culiseta inornata 71 72 143 0.16% 

Culiseta impatiens 96 17 113 0.12% 
Culiseta morsitans 29 56 85 0.09% 

Aedes spencerii 56 0 56 0.06% 
Aedes excrucians 54 1 55 0.06% 

Culiseta minnesotae 13 13 26 0.03% 
Aedes ventrovittis 20 0 20 0.02% 
Aedes aloponotum 17 1 18 0.02% 

Aedes aboriginis 13 0 13 0.01% 
Culiseta particeps 2 11 13 0.01% 

Aedes eudes 12 0 12 0.01% 
Aedes japonicus 0 11 11 0.01% 

Aedes fitchii 4 0 4 0.00% 
Aedes punctodes 4 0 4 0.00% 

Aedes punctor 4 0 4 0.00% 
Aedes campestris 3 0 3 0.00% 

Mansonia perturbans  3 3 0.00% 

Aedes melanimon 2 0 2 0.00% 
Aedes mercurator 1 0 1 0.00% 

Aedes pullatus 1 0 1 0.00% 
Aedes sierrensis 1 0 1 0.00% 

 

Species  
Adults Collected      

2006-2013 
Adults Collected     

2014-2018 Total Percent Composition 
Mansonia perturbans 4048 14899 18947 38.40% 

Aedes sticticus 1545 9032 10577 21.40% 
Culex pipiens 5452 2287 7739 15.70% 
Aedes vexans 2374 3349 5723 11.60% 
Culex tarsalis 2103 425 2528 5.10% 

Aedes communis 635 1 636 1.30% 
Aedes excrucians 0 521 521 1.01% 
Culiseta incidens 188 226 414 0.84% 

Aedes cinerus 146 244 390 0.79% 
Anopheles punctipennis 159 151 310 0.63% 

Aedes aloponotum 3 291 294 0.56% 
Aedes fitchii 0 239 239 0.48% 

Culiseta morsitans 164 40 204 0.41% 
Culiseta inornata 153 25 178 0.36% 
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Aedes dorsalis 120 53 173 0.35% 
Aedes pionips 90 0 90 0.18% 

Aedes increpitus 7 61 68 0.14% 
Aedes eudes 2 65 67 0.14% 

Aedes ventrovittis 54 0 54 0.11% 
Aedes punctor 34 18 52 0.11% 

Culiseta impatiens 5 41 46 0.09% 
Culiseta minnesotae 39 4 43 0.09% 

Aedes sierrensis 27 0 27 0.05% 
Culex territans 8 10 18 0.04% 

Anopheles earlei 3 3 6 0.01% 
Aedes aboriginis 1 3 4 0.00% 

Culiseta particeps 3 0 3 0.00% 
Culiseta alaskaensis 1 2 3 0.00% 

Aedes togoi 3 0 3 0.00% 
Aedes hexodontus 2 0 2 0.00% 
Aedes diantaeus 1 0 1 0.00% 

Anopheles freeborni 1 0 1 0.00% 
Aedes canadensis 0 1 1 0.00% 
Aedes hendersonii 0 1 1 0.00% 

Total          11778                   8061              19839  100% 
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APPENDIX 3: INFORMATION FOR WEST NILE VIRUS VECTOR 
MOSQUITO CONTROL  
West Nile virus (WNv) is a mosquito borne disease. The first cases appeared in New York City in 1999, when 
it caused an outbreak of viral encephalitis in humans and corvids.  Humans contract WNv through the bite of 
an infected mosquito. Of people who are infected with WNv, most will have no symptoms at all. About 20% 
will develop flu-like symptoms. In rare cases (< 1%), more severe complications can occur such as encephalitis, 
meningitis, or paralysis. There is currently no vaccine against WNv encephalitis.  Of the approximately 50 
mosquito species found in British Columbia, only a few are liable to be highly efficient transmitters (highly 
competent vectors) of WNv.  Of particular concern in the Metro Vancouver region are the species Culex 
pipiens and Culex tarsalis.  The objective of the Metro Vancouver West Nile Virus Vector Mosquito 
Surveillance, Monitoring and Treatment Program is to limit West Nile Virus risk for employees, residents and 
visitors, as well as to protect livestock.    
  
Since detection in 1999, the United States has reported 43,853 human cases, and Canada has reported close 
to 5,798.  Over 1,900 people in Canada and the US have died as a result of the virus in twenty years.  The virus 
was first detected in British Columbia in 2009, in the Okanagan region.  In 2018, the virus was detected in 
four provinces, with 367 human disease cases reported across the country, as of December 2018.  Three birds 
and one horse have tested positive for West Nile virus in British Columbia in 2018.  There have been no human 
cases reported in British Columbia as of December 2018.       

  
Total number of human cases and fatalities due to West Nile virus since introduction in New York in 1999  

 
 Human  Cases Fatalities Human Cases Fatalities 

1999 0 0 62 7 
2000 0 0 21 2 
2001 0 0 66 9 
2002 414 20 4,156 284 
2003 1,495 14 9,862 264 
2004 26 0 2,539 100 
2005 238 12 3,000 119 
2006 154 2 4,269 177 
2007 2,401 12 3,630 124 
2008 36 0 1,301 34 
2009 8 0 608 23 
2010 5 0 981 45 
2011 83 2 555 34 
2012 422 2 4,531 183 
2013 112 4 2,374 114 
2014 21 0 1,347 97 
2015 22 0 708 29 
2016 102 7 1,264 49 
2017 152 6 1,502 86 
2018 367 26 2,544 137 
Total 6058 107 45320 1917 
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Total Number of human, mosquito, bird and horse cases of West Nile virus in British Columbia since 2007  
  

Year Human Mosquito Bird Horse 
2007 (19) 0 0 0 
2008 (1) 0 0 0 
2009 2(1) 10 0 3 
2010 1 0 5 0 
2011 0 0 0 1 
2012 0 0 0 0 
2013 1 1 1 1 
2014 0 0 0 0 
2015 0 0 0 0 
2016 0 0 2 10 
2017 1 0 0 4 
2018 0 0 2 0 
Total 5(21) 11 10 19 

  

West Nile virus may be transmitted to humans only by mosquito species that also bite birds.  There are likely 
less than 20 such species that fall into this category out of the approximately 50 mosquito species found in 
British Columbia.  Of these 20, only a few are liable to be highly efficient transmitters (highly competent 
vectors) of WNv (Belton 1983, 2006).  Of particular concern in the Metro Vancouver region are the species 
Culex pipiens and Culex tarsalis.  Aedes togoi is a competent vector species introduced from Japan, and is of 
concern in coastal regions, as its most common habitat is rock pools, but can also be found in artificial 
containers. 
 
Essential prerequisites in controlling the spread of the virus and reducing the risk of human infection are (i) 
to determine the distribution of potential WNv vector mosquito species and (ii) to monitor identified sites 
throughout the breeding season (Petersen and Marfin 2002).  Detailed plans can then be developed from 
rigorous scientific data collection and decision-making, enabling specifically targeted control.  
  
In the event of an order from the Ministry of Health that West Nile virus vector mosquito control is deemed 
necessary the following additions to the PMP would come into effect:  

Section 2.1 Prevention – add “Annual catch basin cleaning program” to the bulleted list.  

Section 2.1.1 Source Reduction – add “Filling in stagnant coastal rock pools above high water mark with rocks 
and/or sand to prevent the pooling water from becoming habitat for Ae. togoi.”    

Section 2.1.2 Habitat Enhancement Measures – add “On golf courses and other landscaped areas, problems 
can arise when grass clippings from greens accumulate in nearby ponds. This can create floating mats of 
decaying vegetation, which provide quiescent, predator-free, nutrient rich areas for larval mosquito 
development.”  

Add Section 2.1.6 Catch Basin Cleaning Program   

The standing water at the bottom of catch basin sumps is particularly prone to becoming organically enriched 
via debris and organic matter being washed into the basin.  The adjacent land to the basin also influences the 
number of mosquitoes typically found in a basin.  A compilation of four years of data from sampling by a 
consultant showed that basins that were in close proximity to trees or grass were much more likely to harbour 
mosquito larvae than basins set in pavement.  Another problem with catch basins is the particular mosquito 
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species that use them as habitat.  A consultant has identified over 50,000 larvae from over 20,000 catch basin 
samples taken in the region and found that Culex pipiens, a high risk WNv vector, comprises over 87% of the 
mosquitoes (Jackson et al. paper in progress).     

As a best management practice, annual cleaning of catch basins is recommended.  Ideally catch basins 
cleaning should be completed early in the mosquito breeding season.  Cleaning immediately removes 
mosquito larvae, as well as organic materials that provide a food source for the developing larvae.  Standing 
waters that are nutrient poor are also less attractive to female adult mosquitoes for egg laying.  

Section 2.2.1 Pests Targeted by Plan  

Add West Nile Virus Vector Mosquitoes: One of the most important steps in West Nile virus (WNv) 
management is to correctly identify the mosquito species and their habitats. This is important because only 
certain mosquito species are known to be competent vectors of WNv (and related arboviruses that cause 
Western Equine, Eastern Equine, St. Louis and LaCrosse Encephalitis).    

There are numerous mosquito species found in BC that can act as vectors of WNv, and many bird species 
residing in BC that could act as amplification reservoirs for WNv. Table 3 lists potential WNv vector mosquito 
species and their known development site preferences. 
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Table 3: Targeted Mosquito Species, Habitat Type and Life Cycle in the Lower Mainland (Belton 2006, Wood et al. 
1979)  
 
Mosquito Species Major 

Nuisance? 
WNv Risk 
Rating 

Distribution, Habitat Preferences, and Life Cycle  

Culex tarsalis NO HIGH 

Widely distributed in ditches and permanent and 
semi-permanent pools in grass land and open 
woodlands.  Multiple generations per year, peak 
population in late July, overwinter as adult female. 

Culex pipiens NO HIGH 

Common mosquito breeding in artificial containers 
(catch basins, rain barrels and paddling pools) and 
drainage ditches, particularly those contaminated 
with organic matter.  Multiple generations per year, 
peak population in late July, overwinter as adult 
female. 

Aedes togoi NO HIGH 
Coastal- inhabits coastal rock pools, also found in 
containers.  Multiple generations per year, 
overwinter as eggs. 

Aedes dorsalis YES HIGH 

Inhabits coastal salt marshes around the Georgia 
Strait, and in flood pastures in the dry interior.  May 
have one or more generations per summer if 
conditions are favorable.  Overwinter as eggs. 

Culiseta inornata NO HIGH 
Various natural habitats, rarely in artificial containers.  
Multiple generations, overwinter as adult females. 

Aedes vexans YES LOW 

Floodwater nuisance mosquito, usually associated 
with grasslands, meadows and other open places 
subject to flooding. One generation per season, but if 
reflooding occurs, more eggs can hatch.  Overwinter 
as eggs. 

Culiseta incidens NO MODERATE 
Various natural habitats, rarely in artificial containers.  
Multiple generations, overwinter as adult females. 

Aedes sticticus YES LOW 

Primarily a floodwater mosquito, associated with 
floodplains of large rivers, found in cottonwood 
stands along river edges.  One generation per year 
but reflooding can cause more eggs to hatch.  
Overwinter as eggs.  

 
Section 2.3.2 Monitoring of Mosquito Larvae  
Add Catch Basins: Catch basins shall be sampled for mosquito larvae and pupae using a modified mosquito 
dipper.  The modified dipper will be constructed from a 4” x 5” aquarium net fastened to a thin wooden pole, 
designed to avoid the removal of the grate for sampling purposes.  The dipper will be inserted into the catch 
basin and swept through the surface of the water in a figure of eight motion. The contents of the net will 
washed into a plastic container and examined for larvae. Two dips will be carried out at each catch basin 
sample site.  Where larvae are found, numbers of each aquatic stage (i.e., early instar, late instar and pupae) 
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will be recorded.  Physical information recorded at each catch basin will include water temperature, water 
depth, sludge depth and total depth of sump. Catch basins should typically be sampled every 7-14 days 
between the middle of June and the end of September.      
  
Section 2.4 Injury Thresholds  
Add: Catch Basin Injury Threshold: The threshold for treatment of WNv vector larvae is dictated by the 
proximity of WNv according to the BCCDC Response Level (see Table 4, page 48). Where numbers of larvae 
detected in catch basins meet or exceed the threshold level of 10 per cent of wet catch basins containing 10 
or more larvae, wide-scale application of larvicides proposed for use under this PMP shall be considered.  This 
threshold has been chosen to ensure that there are sufficient numbers of mosquito larvae to (i) warrant 
treatment, and (ii) once larvae have been killed, provide cadavers for the bacteria to persist and extend the 
residual activity of the larvicide, reducing the amount of pesticide required overall.  The threshold will be 
applied by monitoring a subset of catch basins using the method described above (e.g., 50 catch basins are 
sampled and 5 or more (10%) of the individual basins have 10 or more larvae each).  Larval numbers in relation 
to the threshold can be calculated after field crew has completed sampling.  Control methods can then be 
undertaken within 1-2 days. 
 
Section 2.5.1 Non-Larvicide Treatment Options 
Add “Catch Basin Cleaning” as a bulleted item.  
 
Section 2.5.2 Bacterial Larvicide Treatment Options 
Add “For treatment of catch basins use VectoLex® WSP (Water Soluble Pouch), which contains the active 
ingredient Bacillus sphaericus (Bsph). Within minutes of application the pouch dissolves, releasing the 
larvicide directly into the sump water. The stated period of effective control is four weeks, but there is 
evidence that the product may continue to be effective for 60 days or more. However, if the catch basin dries 
up during this period it may disable the active ingredient”.  
  
Table 1: Bacterial Agents Proposed for Controlling Larvae of Nuisance Mosquito and Known or Potential WNv 
Vector Mosquito Species. 
  
Add:  

Bacillus sphaericus WSP for catch 
basins, CG for surface waters 

As in the current PMP As in the current PMP 
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New Section 2.5.5 Determining What Responses are Warranted.  
 
The following criteria shall be used to determine the appropriate mosquito abatement response to 
potential West Nile virus threat for each BC CDC Response Level:  
  

Table 4: Response Levels (Injury Thresholds) to Trigger Pesticide Application  
 

BC CDC Response 
Level   

Criteria for Response Level   Mosquito Abatement Response   

0 Absence of confirmed arbovirus 
infection in a bird, animal or 
mosquito pool, AND arbovirus 
activity is unlikely.   

Only non-pesticide control measures will be 
considered. NOTE: Use of pesticide products to 
control WNv vector larval under this PMP would not 
be warranted or authorized at Response Level 0.  

I Absence of confirmed arbovirus 
infection in a bird, animal or 
mosquito pool, AND arbovirus 
activity is possible or the risk is 
unknown.    

Only non-pesticide control measures will be 
considered. NOTE: Use of pesticide products to 
control WNv vector larval under this PMP would not 
be warranted or authorized at Response Level I.   

IIa Detection of arbovirus activity in 
a jurisdiction the previous year, 
or in a neighbouring jurisdiction 
in Canada or the United States in 
the current or previous year, 
based on laboratory- confirmed 
identification in a bird, mammal, 
or mosquito pool.    

At the response level, only larval mosquito control 
activity may be warranted and initiated under this 
PMP where there is proximity of vector species 
habitat to areas of population density or considerable 
recreation use. NOTE: This is the minimum response 
level where larvicides can be applied under this 
PMP.   

IIb Detection of arbovirus activity 
within a jurisdiction, in the 
current year, based on 
laboratory-confirmed 
identification in a bird, mammal, 
or mosquito pool.    

At this response level, larval mosquito control activity 
may be warranted and initiated under this PMP 
where there is proximity of vector species habitat to 
areas of population density or considerable 
recreation use.   

III Detection of a single or multiple 
laboratory-confirmed human 
case(s) of arbovirus infection 
(with no history of travel to an 
area with confirmed activity of 
the arbovirus within 21 days of 
onset of symptoms), in the 
current year, within a 
jurisdiction.    

At this response level, larval mosquito control activity 
may be warranted and initiated under this PMP 
where there is proximity of vector species habitat to 
areas of population density or considerable 
recreation use.   
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Section 3.5.1 Pesticides Used 
Add:   
 
Larvicide - Bacillus sphaericus (Bsph) – Vectolex® WSP - PCP# 28009  
  

Section 4.1 Water Body and Community Water Sources Protection 
Add the following to Table 2:  
  

Storm water catch basins   73(1)  Exempted by Section 73(4) IPMR  

  
Add bullet points:  

• Determining the presence of WNv vector species, and communicating results to all personnel prior to 
mosquito larvicide applications. Larvicides will not be applied to permanent, fish bearing bodies of 
water or waters that have permanent, direct, surface-water connections with fish bearing bodies of 
water unless WNv vector species have been verified as being present; and 

• Consulting local representative of Fisheries and Oceans Canada or Environment Canada to determine 
potential fisheries impacts prior to making mosquito larvicide applications to control WNv vector 
species in fish bearing bodies of water.   
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APPENDIX 4: ZIKA VIRUS INFORMATION  
Zika virus is a mosquito borne disease.  It is part of the flavivirus family, which also includes dengue, yellow 
fever and West Nile virus.  Zika virus was discovered in Uganda in 1947 during a study of yellow fever on 
Rhesus monkeys.  The first human cases were detected in 1952.  Between 1951 and 1983 it spread slowly 
but steadily from Africa to Asia, and then on to Micronesia, finally reaching the Americas and the Pacific 
in 2015.  It arrived in Brazil in 2015 with the first human documented case being recorded on February 1, 
2016.  In early 2016 the World Health Organization (WHO) declared a Public Health Emergency of 
International Concern.    
 
The two known vectors of the virus are tropical mosquito species, Aedes aegypti and Aedes albopticus.  
The current known range of these mosquitoes does not include Western Canada, however due to warming 
temperatures these mosquitoes have potential to spread north from the southern United States, where 
they are currently found.  Small numbers of both vectors have been found in Windsor, Ontario since 2016, 
however all mosquitoes have tested negative for Zika virus.  Aedes albopticus in particular is adapted to 
cooler temperatures and higher altitudes than its more tropical relative.  It is currently not known which 
other mosquito species have the potential to be vectors of Zika Virus.   
 
Only 1 in 4 people affected by Zika virus are symptomatic. After infection, symptoms develop within 3 to 
14 days, are usually mild, and can last from 2 to 7 days.  In babies whose mothers were infected during 
pregnancy, the Zika virus can cause congenital Zika syndrome, which leads to severe birth defects. There 
is no vaccine for Zika virus.  The best method to control the spread of the disease is vector control.  This 
includes targeting and eliminating mosquito breeding sites and reducing human contact with mosquitoes. 
 
At this time, according to the British Columbia Center for Disease Control, Zika virus is considered to be a 
travel related infection. As of August 31, 2018, 569 travel-related cases and 4 sexually transmitted cases 
of Zika virus have been detected in Canada since 2015.  There’s ongoing low risk to Canadians travelling 
to countries or areas in the U.S. with reported mosquito-borne Zika virus.  As of October 31, 2018, there 
have been 231 locally acquired mosquito-borne cases reported in the United States and 37, 147 locally 
acquired cases in the United States Territories since surv3eillance began in 2015.  There have been 5, 448 
travel=associated cases and 55 cases acquired through other routes, including sexual transmission 
reported in the United States and 147 travel-associated cases reported in the United States Territories. 
  
At this time, Zika virus is considered to be a travel related infection.  However, it is important to continue 
ongoing monitoring of the distribution of mosquito species in British Columbia, as part of the Metro 
Vancouver Mosquito Pest Management Plan, in the event that potential vector species of Zika virus are 
found in British Columbia in the future.  
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