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Executive Summary 
 
Morrow BioScience Ltd. (MBL) has now completed the first year of a five-year contract 
as mosquito control contractor for the Metro Vancouver Regional District (MVRD). MBL 
had previously been the mosquito control contractors for the MVRD from 2003 - 2005. 
Thus, in-house site knowledge existed. The mosquito control program reduces floodwater 
mosquito abundance within all areas of the MVRD. Most control activity takes place along 
participating municipalities proximate to the Fraser River, the Pitt River, and the islands. 
Participating municipalities include City of Coquitlam, Maple Ridge, Metro Vancouver 
Parks, Pitt Meadows, Township of Langley, and Surrey.  
 
Immediately preceding the start of the mosquito season in April the snowpack in basins 
contributing to the Fraser River were lower-than-normal. A regional warming trend in early 
May within contributing snow basins led to the start of the mosquito season. The Fraser 
River rose consistently and relatively slowly. The peak of the Fraser River at the Mission 
gauge occurred on June 5 (4.40 m) and was the lowest since 2016. The Pitt River did not 
increase significantly with the local freshet, although the official peak was on 6 June at 
4.58 m. The lack of compounded egg abundance in mosquito development sites and the 
lower water levels resulted in a reduced requirement for treatment. No known sites were 
missed in 2019. Accordingly, concern calls and emails from residents were considerably 
low. Adult trap numbers were also low, with a bi-modal appearance to abundance 
following the peak of the Fraser River. Adult mosquito trap species composition revealed 
that Culex species were most abundant. One human-case of West Nile virus was reported 
by the CDC from the Okanagan in 2019, but the person was likely infected out-of-province. 
 
Between 16 May and 26 August, a total of just 16 hectares were treated by ground and 
helicopter. Treatment efficacy was assessed as high. One aerial event targeted the Fraser 
River foreshore areas and associated seepage sites on and proximate to Brae Island. A real-
time monitoring and treatment data dashboard were provided to the managers of all MVRD 
participating municipalities. The dashboard enabled managers to view up-to-date treatment 
information and ensure quality control. 
 
Communications with in-program residents remains a priority for MBL. Education 
outreach efforts included: Teddy Bear Picnic (City of Coquitlam), Goodbye Chums (Maple 
Ridge), Pitt Meadows Day (Pitt Meadows), Fort Langley May Day Festival (Township of 
Langley), and Canada Day Celebration (Surrey). Generally, the outreach events were well-
attended. One interview was given to Black Press on April 4 forecasting the 2019 mosquito 
season, which ran in various newspaper outlets throughout the province. The relatively 
minimal press for the mosquito program was likely due to the considerably low adult 
mosquito nuisance issues. The reach of social media posts continues to increase annually, 
meaning that more residents around the MVRD are aware of mosquito abatement efforts. 
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Season Highlights 
 

• The peak Fraser River level at the Mission gauge occurred on 5 June at 4.40 m. 
• The peak was the lowest since 2016 and occurred approximately 1 week earlier-

than-average. 
• The peak of the Pitt River near Coquitlam occurred on 6 June at 4.58 m. The Pitt 

River freshet was not significantly different than normal River level oscillations 
and may not be a primary variable explaining floodwater mosquito development 
habitat formation.    

• The snowpack in basins contributing to the Fraser River and Pitt River ranged from 
72-94 % of normal in April, immediately preceding the onset of the mosquito 
season.   

• A region-wide warming event within contributing basins prompted considerable 
low and mid-elevation snow melt conditions in early May, increasing Fraser River 
levels beyond 3 m, and prompted site treatments.  

• One (1) aerial campaign was required within the MVRD region in 2019. The event 
took place on 8 June. 

• Total Aquabac ground treatments were 44.4 kg (11.11 ha).  
• Total Aquabac aerial treatments were 153.6 kg (15.36 ha) 
• Adult mosquito trap efforts included a total of 38 trap nights and resulted in 695 

adult mosquito specimens; 388 specimens could be identified.  
• Only 19 hotline calls were received in 2019; zero (0) emails were received. 
• Of the 19 hotline calls, 15 were designated as ‘concern’, with the majority of those 

calls coming from or pertaining to predictions for Brae Island nuisance mosquito 
levels in 2019.  

• The total number of calls received to the Mosquito Hotline(s) was the lowest since 
at least 2010 

• Call volume was lower than that of 2016, despite Fraser River levels being lower 
in 2016 than in 2019 

• MBL’s real-time data management and mapping portal provided MBL managers 
with improved ability to target areas and gave quality control assurance for clients.  

• Five (5) targeted outreach events took place within program-participating 
municipalities between 28 April and 1 July.  
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Introduction 
 
Morrow BioScience Ltd. (MBL) is the longest-running mosquito control firm in British 
Columbia, having conducted mosquito control in this province for nearly four decades. 
MBL was previously the mosquito control provider for Metro Vancouver Regional District 
(MVRD) from 2003 – 2005. The 2019 mosquito season marked MBL’s 1st year in a new 
5-year contract term with the MVRD.  
 
The variable mosquito habitat involvement, program reach, and population density makes 
the MVRD mosquito control program complex. However, historical experience with this 
program allowed MBL staff to rely on knowledge of the program regarding mosquito 
development site locations and effective treatment timing. In addition to MBL’s knowledge 
base, MBL’s commitment to public engagement, program data transparency through the 
use of MBL’s in-house real-time data collection portal and client dashboard, and improved 
environmental accountability via annual carbon offset purchases further strengthens the 
MVRD mosquito control program. MBL’s goal is to continue to provide effective 
floodwater mosquito control to the residents of City of Coquitlam, Maple Ridge, Pitt 
Meadows, Township of Langley, and Surrey while remaining socially and environmentally 
responsible.     
 
Carbon Offsets 
 
The spatial reach of the MVRD mosquito program is such that driving is an inevitable 
requirement. The accumulated mileage over the course of 2019 was approximately 10,100 
km (ground transportation only).  
 
As an estimation, the driving requirements for this program result in the production of 
approximately 5.5 tonnes of CO2 emissions. To offset this addition of CO2 to the 
environment, MBL has committed to purchasing carbon offsets. To fulfill this 
commitment, carbon offsets are purchased through the West Kootenay EcoSociety1. When 
the carbon offsets are purchased, a proof of purchase and certificate from the offset provider 
will be delivered to the MVRD.  
 
Methodology 
 
The primary targets of the MVRD mosquito control program are floodwater mosquito 
larvae. Unlike container mosquitoes (e.g. Culex pipiens), female floodwater mosquitoes 
(e.g. Aedes vexans, Ae. sticticus) deposit their eggs on damp substrate. Within the MVRD, 
floodwater mosquito development sites primarily exist along the flooding corridors of the 
Fraser River and Pitt River, including associated seepage sites. When water floods these 
sites, due to the freshet and/or significant localized precipitation, the result is large-scale 
floodwater mosquito egg hatching. If numerous seasons have passed between high-water 
years, then high river levels may trigger a compounded number of mosquito eggs to hatch, 
resulting in a compounded number of mosquito larvae.  
 

                                                 
1 https://www.ecosociety.ca 
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MBL field technicians begin monitoring all known mosquito development sites within the 
MVRD prior to rising Fraser River and Pitt River levels in the spring (Image 1). Mosquito 
development sites are adaptively managed, meaning that the regional river levels and local 
temperatures largely dictate how frequently sites are visited, as opposed to a prescribed 
monitoring schedule. At the height of the mosquito season, MBL staff may monitor highly 
productive sites multiple times a week. Adaptive management techniques allow MBL staff 
to most accurately time treatments, if necessary. Prescribed monitoring methods increase 
the risk of missing optimal treatment windows due to potential accelerated mosquito 
development rates with rising temperatures (Read and Moon 1996). Hence, as regional 
river levels and ambient temperatures begin to rise consistently, monitoring efforts increase 
accordingly.  
  

Larval mosquitoes in sufficient number (i.e. 
>4/dip) are treated by ground applications of 
a microbial larvicide product called 
Aquabac. This product has the active 
ingredient Bacillus thuringiensis israelensis 
(Bti) and is carried in a corncob formulation. 
The mode of action for Bti is relatively simple 
and with a rather high degree of species 
specificity. Receptors within the mid-gut 
region of the mosquito larvae are specific to 
the toxin proteins that are produced alongside 
each bacterial spore. After the mosquito 
larvae ingest the toxin protein, disruption of 
the larval mid-gut cells occurs because of 

cleavage of the protoxins by mid-gut proteases. This event causes considerable damage to 
the wall of the gut and quickly leads to larval death (Boisvert and Boisvert 2000). 

As the season progresses and more mosquito development sites become flooded, it 
becomes increasingly difficult to treat sites by ground due to inaccessibility and concurrent 
site activation. At this point, a helicopter is used to conduct aerial treatments. The aerial 
campaign uses the same pesticide as ground applications, although typically with a higher 
application rate to permeate canopy cover. High water years may require 2-day aerial 
treatment campaigns, correlating primarily with the level of flooding involvement on the 
Fraser River islands.  

It is important to time treatments according to the correct stage of larval development (3rd 
and 4th instar). If treatments are applied too early, the larvae will not have reached their 
highest feeding rate yet and if applied too late, the larvae molt into pupae (i.e. non-feeding 
stage). Both circumstances may result in the development of adult mosquitoes. 
Additionally, by waiting until mosquito larvae are in the 3rd and early 4th instar stages, early 
instar larvae are available as food sources in their ecosystem.    

Sites are treated when a standard dip (350ml) collects 5 or more late instar (3rd or 4th instar) 
larvae per dip. When flooding commences and ambient temperatures rise, many dips easily 
exceed this threshold. Larval densities within the range of 200-500 per dip (observed as 
high as 1,000 per dip) are commonly detected. All sites are checked within one or two days 

Image 1. MBL field technician checking dipper for mosquito 
larvae (Metro Vancouver site; May 2019). 
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of the initial treatment to ensure treatment efficacy. If necessary, touch-up treatments are 
conducted. 
 
Environmental Conditions 
 
The three primary environmental conditions that affect Fraser River and Pitt River levels 
throughout the mosquito season (i.e. April – August) are: 1) ambient temperature in snow 
basins contributing to either river, 2) local precipitation, and 3) the snowpack in basins 
contributing to the regional rivers. Local ambient temperature is also of interest due to the 
effect local ambient temperature can have on mosquito egg hatching and development 
rates. As such, all noted conditions are tracked throughout the season. 
 

Snowpack 
Floodwater mosquito abundance within the MVRD is primarily governed by regional 
Fraser River water levels and, to a lesser degree, Pitt River water levels. In turn, the water 
levels of those systems are governed by the freshet released from the Fraser, Thompson, 
and Nechako Plateaus and the Lillooet Range. When snowpacks exceed 100 percent of 
normal, higher-than-average Fraser River and Pitt River levels are expected during the 
mosquito season.  
 
In April, immediately preceding the 2019 mosquito season, all seven of the basins 
contributing snowmelt to the Fraser River and Pitt River freshets were below average 
(Table 1). Comparable to previous seasons, very little late-season snow was received to the 
basins following the 1 April Snow Survey and Water Supply Bulletin. Given the lower-
than-average snowpack in the Fraser River and Pitt River catchment, the associated 2019 
river peaks were not expected to be high.  
 
 
Table 1. Snow basin indices (April Average, 2019 Average) for basins that directly affect the Lower Fraser 
River flood plain, determined by the 1 April 2019 Snow Survey and Water Supply Bulletin. Values 
reported are considered ‘percent of normal’. 
  

Basin Average April Snowpack 
(2012-2018) 2019 April Snowpack 

Upper Fraser East 109 89 
Upper Fraser West 117 94 
Lower Fraser 97 71 
Middle Fraser 99 85 
North Thompson 104 89 
South Thompson 106 75 
Nechako 102 72 

 
 
While the weather in 2019 within influential basins was generally accepted as normal, a 
warming trend in the southern portion of the province, including the Fraser and Thompson 



MVRD – 2019 Nuisance Mosquito Program 

www.morrowbioscience.com Morrow BioScience Ltd. 
  

6 

Plateaus, depleted almost all snow below 1600 m by 1 May2. A secondary warming trend 
in early May caused a large amount of snow to melt in basins across the province, resulting 
in greatly decreased snowpacks. Continued warming trends in early June further depleted 
snowpacks in basins that contribute snowmelt to the Fraser River and Pitt River, such that 
majority of basins were depleted of the remaining estimated Snow Water Equivalent 
(SWE), by mid-June. By the end of June, all contributing basins had been completely 
depleted of snow3.  

Local Precipitation  
Significant temporally and spatially concentrated precipitation accumulation may elevate 
Lower Fraser River and Pitt River levels. Local precipitation can also temporarily increase 
seepage site levels, where considerable mosquito development habitat is located. Thus, 
tracking local precipitation accumulation can aid MBL field staff with determining how 
frequently to monitor mosquito development sites and provide insight regarding the length 
of time that the sites may require management. The Fraser River gauge at Mission provides 
historical weather information allowing for interannual comparison of environmental 
conditions. This comparison allows for some level of prediction regarding larval mosquito 
development rate and treatment timing requirements.  
 
With the exception of April, the precipitation received to the Mission West Abby weather 
station (ID: 1105192) during the 2019 mosquito season was below average (Figure 1). 
Specifically, precipitation received in April exceeded the station average (1981-2010) by 
approximately 35 mm (Figure 1). Over a third of that accumulation was received to the 
area on 18 April, immediately preceding the initial rise in the local Fraser River. Thus, it 
is likely that precipitation did augment local river levels in April and likely augmented 
mosquito development sites.      
 

                                                 
2 https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/river-forecast/2019_may1.pdf 
3 https://governmentofbc.maps.arcgis.com/apps/webappviewer/index.html?id=c15768bf73494f5da04b1aac6793bd2e 
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Figure 1. 2019 precipitation values (rainfall and snow accumulation; mm) recorded at the Mission West 
Abby Station (ID: 1105192) for 01 April – 31 August (blue). Average station precipitation values (1981-
2010) are shown in orange. 
 
May and June precipitation accumulation was approximately half of the average 
accumulation for those months (Figure 1). Given these data, it is reasonable to determine 
that local precipitation did not measurably augment Fraser River or Pitt River levels in May 
or June. As the peaks in both rivers occurred in early June, precipitation data suggest that 
the rise and peak for the Fraser River and Pitt River were due primarily to the freshet. 
Operationally, the relatively low local precipitation input during the height of the freshet 
season meant that MBL staff predominately looked to the Mission water level gauge data 
to help determine when certain mosquito development sites may be initially flooded.  
 
Local July precipitation was similar to the average value, while the August accumulation 
was well-below average (Figure 1). By July the Fraser River, Pitt River, and associated 
seepage site levels had receded well below the threshold for mosquito egg hatch trigger. 
However, it’s possible that precipitation received in July and August created habitat for 
container mosquito breeding. Thus, adult mosquito presence toward the end of the season 
was likely due to container mosquito hatches, not floodwater species.  
 

Local Ambient Temperature 
From April through August, local ambient temperature fluctuations can affect mosquito 
egg hatching, larval development rates, and adult dispersal rates. If the ground proximate 
to the Fraser River and Pitt River contains floodwater mosquito eggs and if hatching 
conditions are present (i.e. low dissolved oxygen, higher ambient temperatures), then 
mosquito egg hatching will commence (Mohammad and Chadee, 2011).  
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Trpis and Horsfall (1969) exposed submerged eggs of a common univoltine floodwater 
mosquito species, Aedes sticticus, to various constant air temperatures and recorded 
hatching success. Results revealed that eggs began to hatch at 8°C, although larval 
development was slow. Eggs held at 21°C provided the optimal temperature cues, of the 
five temperatures tested, for hatching and larval development (Figure 2). While Ae. 
sticticus is not the sole floodwater species present in BC, they are frequently found and 
serve as a representative species for our purposes, providing general developmental 
benchmarks.  
 

 
Figure 2. Maximum daily ambient temperatures (C) as recorded at the Mission West Abby Station (ID: 
1105192) 01 April – 31 August 2019. Lower black line illustrates threshold at which Ae. sticticus eggs 
commence hatching; upper red line illustrates threshold at which most Ae. sticticus eggs hatch. 
 
The 2019 season began with seasonal ambient temperatures for April. The monthly average 
for April (13.7 °C) was just 0.1°C higher than the station average for April this season (i.e. 
13.6°C). Given that April temperatures were well above those noted as being sufficient for 
hatching, floodwater mosquito eggs within the MVRD were likely activated within April 
if exposed to flooding conditions (Figure 2). It is important to note that while sufficient 
hatching cues for mosquito eggs were expected in April, the larval development rates at 
those temperatures would have been notably low (Trpis and Horsfall 1969). The potential 
for larval development in April is the primary reason for annual site monitoring 
commencement during that month.    
 
Local ambient temperatures in May and June were relatively warmer and more consistent 
with the most favourable larval development conditions (Figure 2). As expected, hatching 
and larval development rates increased considerably within those months. Appropriately, 
larval treatments were concentrated in the latter half of May through early June when 
ambient temperatures and the Fraser River and Pitt River levels were more consistently 
high (Figure 2; see ‘Larval Control’ section). 
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Ambient temperature does not directly relate to floodwater larval mosquito abundance after 
the Fraser River and Pitt River levels measurably and consistently recede, due to lack of 
water as a cue for hatching. However, ambient temperature does increase development 
rates for larval and adult mosquitoes (Ciota et al. 2014). Thus, into late August, any 
floodwater mosquitoes that successfully emerged would have had a reduced lifespan with 
the heightened ambient temperatures (Figure 2).  
 
Although floodwater mosquito annoyance reports reduced as August progressed, localized 
annoyance due to container mosquito presence may have occurred. Container mosquito 
habitats near residential homes can be created throughout the summer whenever water 
occurrence is coupled with high ambient temperatures. MBL technicians regularly inform 
residents that adult container-bred mosquitoes can be reduced around homes by ensuring 
container mosquito environments are either free of water or refreshed frequently.  
 
River Levels 
 
Within the MVRD, the majority of floodwater mosquito development sites are found along 
the flooding corridors of the Fraser River and, to a lesser degree, the Pitt River. As the 
presence of water is a hatching cue for floodwater mosquito eggs, tracking the regional 
river levels provides predictive capabilities with regards to mosquito larval development.   
 
A small pulse of water came through the systems in early April. With ambient temperatures 
in contributing snow basins increasing in May, the Fraser River levels (Mission gauge; 
08MH024) and Pitt River levels (near Port Coquitlam; 08MH035) also increased 
consistently (Figures 3, 4). Following a provincial warming trend in mid-May, the Fraser 
River peaked on 5 June and the Pitt River peaked on 6 June (Figures 3, 4). The Fraser River 
peak was recorded at 4.40 m, approximately 1.50 m lower than the peak in 2018 and 1.25 
m lower than that recorded in 2017 (Figure 3). The last time this level was reached occurred 
in 2016.  
 
The Pitt River peak was recorded at 4.58 m (Figure 4). Historical data are lacking for Pitt 
River peaks, thus interannual comparisons were not possible. However, it’s likely that the 
historical trend in Fraser River peak levels closely correlates with that of the Pitt River. 
 
Figure 3 shows Fraser River levels during the mosquito season from 2016-2019 along with 
a horizontal black line. The black line denotes the Fraser River height threshold (i.e. 3 m) 
at which mosquito development sites within the region have been observed (i.e. 
anecdotally) to become active. In 2019, the Fraser River reached that point on 15 May. 
While treatments began approximately 1 week earlier, about 99 percent of treatments took 
place after 15 May (See ‘Larval Control’ section).   
 
Both rivers rose at relatively slow, consistent rates in 2019. When a river rises in this 
manner, floodwater mosquito eggs laid on substrates at various river levels have optimal 
environmental hatching cues. When river levels rise at high rates in the early portion of the 
season (i.e. April), the typically cool highly oxygenated water moving through the system 
makes it more challenging for mosquito eggs to hatch. However, because the Fraser River 
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and Pitt Rivers began increasing and peaked just slightly earlier-than-normal in 2019 (i.e. 
early June), temperatures were warm enough to trigger mass mosquito hatching events.  
 

 
Figure 3. 2019 river Levels (m) as recorded at the Fraser River (Mission gauge, 08MH024; Blue), as 
reported by the River Forecast Centre. Horizontal black line indicates the 3 meter mark, at which point 
River-associated mosquito development sites become active. 
 

 
Figure 4. 2019 river levels (m) as recorded for the Fraser River (Mission gauge, 08MH024; Blue) and Pitt 
River (near Port Coquitlam gauge, 08MH035; Orange). Horizontal black line indicates the 3 meter mark, at 
which point Fraser River-associated mosquito development sites become active. 
 



MVRD – 2019 Nuisance Mosquito Program 

www.morrowbioscience.com Morrow BioScience Ltd. 
  

11 

 
The Fraser River’s peak height relative to recent seasons is a predictive variable that may 
help explain an associated year’s larval abundance. If the current year’s regional river 
levels far exceed that of preceding seasons, mosquito eggs laid between the high-water 
mark of both years could have remained dormant until current-year flood waters trigger 
their hatching. Because the 2019 peak of the Fraser River was far lower than the preceding 
two seasons’, it is unlikely that the 2019 peak level triggered many dormant eggs to hatch. 
As such, a lower-than-normal larval abundance was noted in 2019.  
 
By late June 2019, all the snow basins contributing to the Fraser River and Pitt River were 
depleted of snow4. This depletion corresponds with a marked decline in the Fraser River 
levels and a slow decline in the Pitt River levels by early July (Figure 4). When the Fraser 
River levels consistently remain below 3 m, associated seepage sites reduce quickly. Thus, 
by late June many of the mosquito development sites were greatly reduced or dry.   
 
 
Larval Control  
 
Monitoring within the MVRD began on 19 April, as the Fraser River (Mission gauge) 
approached 2.5 m. Appendix I shows a map of average larval densities found throughout 
the 2019 season. Larval abundance is assessed in the field using a system of ranges (0, 1-
4, 5-49, 50+) for early and late instar mosquito larvae. In order to transfer these data to a 
map (Appendix I A-F), data are ultimately summarized and assigned to a hexbin 
representing an area of 21.65 ha.  
 
Only wet sites were included in the analysis. An intensity value representing the relative 
number and life stage of the larvae are assigned to each single sample. For each sample, 
late instar larvae ranges are weighted more heavily than early instar larvae ranges to 
indicate targeted life stage and treatment urgency. In this way, each sample is assigned an 
intensity value from 0 to 1. All sample intensity values are then averaged by hexbin. Thus, 
each hexbin is also assigned an average intensity value from 0-1. The intensity value 
thresholds within Appendix I denoting ‘low’, ‘moderate’, ‘high’, and ‘very high’ were 
assigned based on biological significance and operational urgency. Of note, the areas with 
highest recorded larval abundance amongst known sites are NW Surrey, the Fort 
Langley/Derby Reach area of North Langley, Boundary Bay, the Albion area, and 
Minnekhada Park (Appendix I A-F). 
 
Hexbins are used to aggregate point data, making general data trends visible at large scales. 
The primary drawback and disclaimer to hexbin analysis is that generalizations must be 
made. In general, hexbins denoted as ‘None Detected’ (i.e. white) or ‘Low’ (i.e. light sandy 
colour) indicate the average sample contained < 5 larval mosquitoes per dip. In most cases, 
hexbins with a moderate frequency (0.2875 - 0.525 intensity value; light orange colour) or 
greater indicate those which had an average of > 5 mosquito larvae per dip. Hexbins can 
contain one or greater sample point, may contain sample points that lie directly on hexbin 
borders, or contain treatment area associated with a point that is officially housed within a 
neighbourng hexbin; each of these circumstances may create skewed results.  

                                                 
4 http://bcrfc.env.gov.bc.ca/data/asp/realtime/ 
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The first ground treatment occurred on 16 May (Figure 5). Most ground treatments took 
place between mid-May and late-June with the rise of the Fraser River beyond 3 m (Figures 
5, 6). Aerial treatments also took place within the same timeframe (Figure 6, 7). One aerial 
treatment occurred within the MVRD in 2019 on 8 June (Figure 7).  
 
Appendix II is a collection of maps by municipality depicting where and how frequently 
treatments took place in 2019. In certain cases, hexbins denoted as ‘Non-Detected’ or 
‘Low’ do have treatments associated with them (Appendix II A-F). In these cases, 
treatments may have been triggered by the larval activity of a representative site. Typically, 
sites that are located on Fraser River islands or those that are difficult to access may be 
associated with representative sites. Historically, when representative sites become active 
the other sites in the area have proven to also be active. Thus, sites with a previous 
designation of ‘Non-Detected’ or ‘Low’ may require a later treatment due to representative 
sites’ activity level without the need to sample.    
 

 
Figure 5. Fraser River levels (m; Mission gauge) and Pitt River (m; Coquitlam gauge) with total mosquito 
development area treated by ground (ha) from April 1 – August 31, 2019. Note ground treatments (ha) are 
recorded on the alternate y-axis 
 
Relative to the high-water year of 2018, mosquito habitat was significantly decreased in 
2019 due to low Fraser River levels. The Fraser River peaked during a period of high 
ambient temperatures which created ideal mosquito hatching environments. River levels 
started to recede in early June; by mid-July mosquito development areas were considerably 
reduced or dry. Thus, ground treatments largely tapered-off towards the end of July 
(Figures 5, 6). Considerably small pockets of larvae were still present into August and may 
have been the result of precipitation received to the region in July. The final ground 
treatment took place on 26 August (Figure 5).  
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Figure 6. 2019 treated area (ha) by method (i.e. ground vs. aerial) and month from April – August. 
 
 
Ground treatments were applied at a rate of 4 kg/ha. A total of 11.1 ha was treated by 
ground, equating to a total of approximately 44.4 kg of Aquabac used (see Fig. 6 for 
context). Typically, sites only require one treatment per season unless additional mosquito 
larvae are pushed into the site due to the movement of water. If additional treatments at a 
site are required they occur at increased water levels, hence the treatment overlap is 
minimal. 
 
To compensate for increased canopy cover, aerial treatments were applied at a rate of 
approximately10 kg/ha. A total of 15.4 ha was treated by air, equating to a total of 153.6 
kg of Aquabac used (Figures 6, 7). Only one aerial campaign was required within the 
MVRD in 2019 due to low regional river levels. No sites were missed in 2019 and no new 
sites were located. Appendix III shows more specific information about site, treatment 
timing, and extent of treatment.   
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Figure 7. Aerial application events (red lines; ha) with Fraser River levels (blue line; m) and Pitt River 
levels (orange line; m) from 1 April through 31 August 2019. Note treatment values (ha) are on the 
alternate y-axis.  
 
 
Adult Mosquito Trapping 
 
The primary intention of the adult mosquito trapping program is to assess adult mosquito 
abundance, which will act as a quality assurance/quality control measure for larval 
mosquito control activities conduct by MBL technicians. The trap data allow MBL to 
compare intra and inter-annual nuisance levels. Additionally, species composition data 
elucidates species present in the region, their primary habitat (i.e. floodwater vs. container), 
and contributes to the general knowledge bank of mosquito science in the region.  
 
Jackson and Patterson (2018) roughly show historical adult mosquito trap locations within 
MVRD participating municipalities. The trap locations identified in 2019 were selected as 
closely as possible to best-estimated historical trap sites. A total of nine (9) trap locations 
were established throughout the MVRD (Appendix IV). Heightened water levels and 
increased concern calls/emails would have triggered the need for additional adult mosquito 
traps. Traps were monitored approximately every 2-3 weeks between 27 June and 27 
August. Proper trap function was confirmed at each monitoring event.  
 
Adult mosquitoes were collected using battery operated Center for Disease Control (CDC) 
traps with dry ice as bait. A black light (night-operating only) and dry ice (i.e. CO2) act to 
attract adult mosquitoes. A continuously working fan ensures that attracted mosquitoes are 
pulled into an attached basket. Basket contents were collected the following morning. 
Mosquito specimens were counted, then frozen until identification. 
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Mosquito species were identified to genus and species, if possible. In multiple cases 
identification to genus was hindered by damaged specimens. Identification was conducted 
using a 60X microscope. Mosquito identification was performed by a trained professional 
using keys developed from Wood et al (1979) and Darsie and Ward (2005).  
 
A total of 38 trap nights were conducted, resulting in 695 adult mosquito specimens 
collected (Table 2). Figure 8 shows the total adult mosquito trap abundance in relation to 
Fraser River levels (Mission gauge) by day. Typically, adult mosquitoes begin to disperse 
at least 2-3 weeks after the peak in the regional Fraser River levels. Depending on wind 
direction and velocity, the dispersal may be accelerated or decelerated. The general trend 
of the adult mosquito abundance is bimodal, with the first mode occurring approximately 
five (5) weeks after the peak of the regional Fraser River. Thus, it is possible that trapping 
efforts did not capture the main dispersal period.  
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Table 2. 2019 adult mosquito count by trap location and date.  
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Figure 8. 2019 MVRD adult mosquito trap abundance by day (red; alternate y-axis) with Fraser River level 
(m; Mission gauge). 
 
 
The first trap night on 27 June yielded three (3) adult mosquitoes from Kanaka Creek and 
Lafarge Lake (Table 2). Of those, only one (1) is considered a floodwater species (i.e. 
Culiseta). Abundance values increased from 27 June to 18 July. Trap contents from 18 July 
revealed that 78 percent were floodwater species (Table 2). The apparent increase in adult 
floodwater mosquito numbers and species composition in mid-July may be due to delayed 
adult dispersal from Fraser River island sites or may be explained by disproportionate trap 
site monitoring.  
 
Adult mosquito trap numbers declined following the 18 July monitoring event through 7 
August (Figure 8). Of those that could be identified, approximately half of species from 
monitoring events from 18 July through 7 August were floodwater species (Table 2). Thus, 
floodwater mosquito species composed an initially low percentage, then high, then 
decreasing of specimens that could be identified within the first mode.    
 
The second adult mosquito mode of the season started on 15 August, with a total of 209 
specimens collected (Figure 8). Approximately 30 percent of the specimens were 
considered floodwater mosquitoes; the rest were primarily container mosquitoes (Table 2). 
The following collection events (i.e. 17, 21, 27 August) yielded adult mosquito specimens 
that were, largely, only identified to species. The great majority of the specimens between 
17-21 August were identified as Culex (i.e 93 percent). Culex species may fall into either 
container or floodwater-associated mosquito categories (Wood et al. 1979; Darsie and 
Ward 2005). Given that 17 August is approximately two months following the peak of 
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regional rivers, regional rivers had declined markedly, and associated seepage sites were 
dry, it is likely that the majority of remaining Culex specimens were container species. 
Thus, mosquito nuisance issues within the MVRD from mid-August onward were likely 
due to adult container mosquitoes.    
 
 

 
Figure 9. Adult mosquito species composition from mosquitoes collected in MVRD adult traps (27 June – 
27 August 2019). A total of 695 mosquitoes were collected from adult trapping efforts; 388 specimens could 
be identified. 
 
 
The genus collected in the adult mosquito traps were either Aedes, Anopheles, Culex, 
Culiseta, or Mansonia (Figure 9). Culex species comprised the great majority of the species 
(i.e. 59.5 percent; Figure 9). It is likely that Culex species from June – July were largely 
floodwater species and that August Culex species were largely container mosquitoes. 
Mansonia perturbans comprised the next highest percentage of species from those 
specimens identified (i.e. 29.6 percent; Figure 9). In contrast to previous reports referenced 
in Jackson and Patterson (2018), Aedes and M. perturbans did not comprise the majority 
of species in 2019. This discrepancy could reflect true difference in species composition, 
may be explained by differences in contractor treatment methods, may be due to different 
adult trap monitoring practices, or a suite of other variables. Because of the multiple 
variables that may account for the variation in results, future adult mosquito species 
composition comparisons will primarily be focused on current-contract seasons. Thus, 
2020 trap result comparisons may reflect more accurate changes in adult mosquito species 
composition. 
 
Future adult mosquito trapping efforts will be more spatially and temporally representative. 
Specifically, trapping efforts will begin earlier in the mosquito season (e.g. May) in each 



MVRD – 2019 Nuisance Mosquito Program 

www.morrowbioscience.com Morrow BioScience Ltd. 
  

19 

of the five (5) participating municipalities. Traps will be monitored biweekly at each 
location. These modifications will allow for a broader view of the adult mosquito season, 
as well as providing site-specific information regarding species composition throughout 
the season. Operationally, this knowledge may help identify new mosquito sites.              
 
 
Public Relations 
 
Maintaining positive public relations remains a high priority for MBL. Public relations 
occur on several levels: in-person communication with members of the public, the 
mosquito hotline(s), presentations to staff and politicians, responding to e-mails, and 
continuing our social media presence. MBL continues to look for new areas to expand this 
aspect of our program.   
 

Phone Calls and Emails 
MVRD residents have multiple venues to lodge calls or emails with MBL. In 2019, MVRD 
set up an in-house mosquito control hotline number (604-432-6228), which is forwarded 
directly to MBL. The MVRD mosquito hotline is distinctly noted on the education outreach 
postcard created in 2019 (Image 3). In addition, MBL has a company-maintained hotline 
(877-986-3363) and email form, outlined prominently on the contact tab of the MBL 
website.  
 

 There was a total number of 19 calls and 
zero (0) emails received in 2019 with 
regards to the MVRD mosquito control 
program. All calls and emails are 
designated as either compliment, 
concern, or inquiry-based. A total of 15 
calls were designated as ‘concern’ and 
four (4) were designated as inquiry-
based (Table 3). Regardless of their 
nature, all calls and emails were returned 
within 24 hours. Additionally, follow-up 
site visits commonly occurred with 
concern calls/emails.  
 
 

 
 
 
 
 
 
 
 
 

Image 2. Outreach postcard developed for public 
engagement events (MVRD, 2019) 
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Table 3. 2019 calls received to the MVRD and MBL Mosquito Hotlines 
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Of note, the total number of phone calls and emails received in 2019 was the lowest since, 
at least, 2010 (Jackson et. al. 2018). The considerably low number of calls and emails in 
2019 may be due to relatively low Fraser River and Pitt River levels and/or MBL’s adaptive 
management methodology for mosquito development sites. Interestingly, the 2016 Fraser 
River peak (3.72 m) was lower than that of 2019 (4.40 m) by more than 2/3 m (Figure 3), 
yet nine (9) more calls were received in 2016. Through adaptive site management methods, 
expanding in-house site knowledge, and continued public engagement MBL endeavours to 
maintain a low number of Hotline concern calls/emails. 
 

 
Figure 10. Distribution of concern calls by municipality for 2019. Note: No calls or emails were received 
from Pitt Meadows. A total of 19 calls were received in 2019; chart depicts concern call designation only 
(15).  
 
The highest number of concern calls (8) were received from or pertaining to the Township 
of Langley (TOL; Table 3; Figure 10). Notably, the focus of half of those calls was 
expressed concern due to 2018 adult mosquito nuisance levels from the area. Three concern 
calls were received from Maple Ridge, two (2) from Surrey, and one (1) from City of 
Coquitlam. Only three (3) concern callers reported high adult mosquito abundance in 2019. 
The subject of other concern calls included noting standing water, pools or ponds on private 
property as potential sources of larval mosquitoes, or local parks containing mosquito 
development sites (Table 3).  
 

Direct Communications 
Direct communication between MBL staff and the public can occur under many 
circumstances. The most common direct interfacing with the public occurs when 
technicians are in the field. While conducting site visits, MBL technicians are often asked 
questions by landowners or residents. These encounters provide an excellent opportunity 
for public relations. The fact that technicians are visibly monitoring and treating assures 
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residents that attention is being given to mosquito abatement efforts. Additionally, an 
important outcome of these interactions can be the identification of new sites and larval 
mosquito activity by involved residents.   
 
MBL contact information is disseminated when field technicians have direct 
communication with the public. Contact information for MBL includes the website 
address, an email, phone number, and social media sites (Twitter, Facebook). In the latter 
part of the 2019 mosquito season, MBL staff also disseminated MVRD mosquito control 
postcards.  

Social Media 
This year, 2019, is the 8th consecutive year in which MBL has maintained a social media 
presence. There are five main goals for MBL’s social media presence: 1) provide timely 
and up-to-date information regarding conditions pertinent to mosquito production, 2) relay 
MBL’s current efforts to control mosquitoes, 3) inform the public about MBL’s efforts at 
environmental sustainability, 4) provide the community with opportunities to get involved 
with related public events, and 5) offer a platform for mosquito-related discussion amongst 
program residents and the MBL team. 
 

Facebook (facebook.com/morrowmosquito) 
remains the primary avenue for MBL to 
disseminate mosquito-related information. 
Regular updates on mosquito abundance 
began on 19 April following the first 
monitoring event for the season in the 
Township of Langley. In addition to 
volunteer opportunities, post topics also 
included mosquito management efforts, 
outreach efforts conducted by MBL staff 
members (i.e. special event booths). 
Whenever possible, images of staff working 
within the MVRD were also posted (Image 
3).  
 
The total number of followers on the MBL 
Facebook page is currently 305.  This 
number has increased by 25 since November 

2018. Another way to gauge how many people are engaging with MBL’s posts is by 
considering MBL’s post ‘reach’. Specifically, each time a follower interacts with the MBL 
page a subset of their ‘friends’ is exposed to the information that the original follower 
commented on or ‘liked’. In 2019, the maximum reach pertaining to the MVRD mosquito 
control program was 609 on 8 June and was in response to a posting about an aerial 
treatment over Brae Island. This level of engagement with regards to a Brae Island 
treatment is consistent with the relatively high number of concern calls associated with 
control efforts at the Fort Langley Campground on Brae Island.   
 

Image 3. TOL monitoring and treatment event by 
canoe (Facebook post – 28 May 2019).   
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MBL Website  
The MBL website (www.morrowbioscience.com) was launched in 2015. This site was 
developed to allow clients and the public to have access to information about MBL’s 
background, activities, outreach, and staff members. The website is continually being 
refined as MBL further develops our programs.   
 
 

Currently, the site 
contains information 
about MBL’s philosophy, 
staff background, and 
current projects. The site 
outlines MBL’s services 
and relevant news, 
including a blog updated 
throughout the mosquito 
season. Of importance is 
the ‘Contact’ tab which 
allows a person to 
directly send a message 
to MBL (Image 4). 
Additionally, there are 

links to MBL’s Facebook account and Twitter feed, so residents have access to real-time 
updates on MBL’s activities.  
 

Public Engagement Opportunities 
As part of MBL’s commitment to public 
education regarding mosquito control, MBL 
participated in five (5) outreach events (i.e. 
one per participating municipality) within 
the MVRD in 2019 (Table 4). MBL staff 
shared information pertaining specifically to 
the mosquito abatement program, addressed 
frequently asked questions about Aquabac, 
and disseminated pamphlets with tips for 
reducing mosquito abundance around the 
home. MBL contact information was 
displayed and made available to event 
participants.  
 
With the exception of one event that was 
rained-out, the events were well-attended. 
Booth visitors enjoyed utilizing the handheld 
microscopes for viewing mosquito eggs and larvae, when specimens became available later 
in the season. Importantly, the information was timed appropriately to provide residents 
with personal protective tips and mosquito abundance reductive suggestions prior to the 

Image 5. MBL staff host a booth at the Surrey 
Canada Day Celebration (top) and larval 
mosquito specimen for educational viewing at 
the event (bottom). 

Image 4. MBL's website-accessed contact form 
(www.morrowbioscience.com) 

http://www.morrowbioscience.com/
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height of the summer when adult mosquito dispersal and container mosquito emergence is 
also at its peak. 
 
Table 4. MVRD public engagement/education outreach activities in 2019. 

Date Event Title  Participating Municipality 
28 April Goodbye Chums Maple Ridge 
20 May Fort Langley May Day Festival Township of Langley 
1 June Pitt Meadows Day Pitt Meadows 
9 June Teddy Bear Picnic Coquitlam 
1 July Surrey Canada Day Celebration Surrey 

 
 
One interview was requested of MBL staff by Black Press in 2019. MBL’s head biologist 
gave the interview on 4 April, with specific attention paid to the forecast for mosquito 
annoyance in 2019. While this request and interview were not specific to the MVRD, the 
article was published in various news outlets throughout British Columbia. The article was 
published in the Surrey Now-Leader5 and the Maple Ridge – Pitt Meadows News6. The 
relatively low number of interview requests was likely due to the low water year and related 
low adult mosquito annoyance.  
 
 
West Nile virus Summary 
 
Although floodwater mosquito species in Canada are not considered central WNv vectors, 
it is important to remain current in regional mosquito-related diseases. Along with its 
partners, the Government of Canada conducts on-going surveillance of West Nile virus 
(WNv) cases in humans between mid-April and the end of September. As of 28 September, 
there was one confirmed human case of WNv reported in BC7. It’s suspected that the 
person in the Okanagan was infected outside the province. It should be noted that Health 
Canada includes any WNv human cases that are deemed probable or confirmed. Cases may 
include WNv neurological syndrome, WNv non-neurological syndrome, and WNv 
unclassified/unspecified.   
 
Mosquito pools, horses, and birds within BC have also been tested. To date, no mosquito 
pools have tested positive for WNv in BC, nor have any birds. One horse tested positive 
for WNv in BC5. It is believed that the horse was infected outside of the province.  
 
As Washington State shares a border with British Columbia and MVRD, specifically, it is 
important to follow WNv activity in that area, as well. As of 20 October, there were 6 
human cases of WNv in Washington State. Five of the cases were acquired in-state in a 
county in the middle of the state8. Additionally, 27 mosquito pools and 2 horse/other 
mammals tested positive for WNv. No birds tested positive for WNv in 2019. The 

                                                 
5 https://www.surreynowleader.com/news/b-c-s-mosquito-guy-says-dry-spring-could-mean-fewer-pesky-biters/ 
6 https://www.mapleridgenews.com/news/b-c-s-mosquito-guy-says-dry-spring-could-mean-fewer-pesky-biters/ 
7 https://www.canada.ca/en/public-health/services/diseases/west-nile-virus/surveillance-west-nile-virus/west-nile-virus-weekly-
surveillance-monitoring.html 
8 http://www.doh.wa.gov/DataandStatisticalReports/DiseasesandChronicConditions/WestNileVirus 
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Washington State county that borders the MVRD is Whatcom County. Within that county, 
no human, bird, horse/other mammal, or mosquito cases were reported in 2019.  
 
 
2020 Program Recommendations 
 

• Continue MBL’s adaptive site management techniques developed to tailor 
mosquito monitoring and treatment to larval mosquito development. At a 
minimum, all sites will be monitored once a week, with monitoring and 
management activities increasing with flooding and larval mosquito development 
rate. This biologically-driven method, as opposed to other regimented monitoring 
strategies, has yielded and will continue to yield consistently high control efficacy.  
 

• Increase monitoring efforts and site identification in the Kanaka Creek area of 
Maple Ridge. MBL feels that local improvements in the nuisance mosquito 
abundance would be dramatic with appropriate exploration and treatment of the 
Kanaka Creek area during freshet, particularly in areas proximate to the Fraser 
River. Treatments during freshet are considered outside the high-water mark, and 
therefore typically allowed under an active PMP. A presentation will be delivered 
during the 2020 start-up meeting to further explain the regulations.  
 

• In order to provide a broader understanding of adult mosquito species throughout 
the MVRD, future adult mosquito trapping efforts will be more spatially and 
temporally representative. Trapping efforts will begin earlier in the mosquito 
season (e.g. May) in each of the five (5) participating municipalities. Traps will be 
monitored semi-monthly at each location. 
 

• All education and outreach events will include interactive displays (i.e. larval 
and/or adult mosquito specimen viewing with handheld microscope, backpack 
demonstrations, etc.), outreach materials (MVRD postcard, MBL info pamphlets, 
business cards, children’s mosquito biology exercises), and will be professionally 
displayed.  
 

• Notify the Ministry of Environment of the MVRD intent to treat mosquitoes in 2020 
under the MVRD Pest Management Plan. Notification should take place 2 months 
before the start of the season (the end of February at the latest).  
 

• It is important to attach copies of all the mosquito development site maps with the 
Notice of Intent to Treat (NIT). NOTE: all sites have been re-mapped. This new 
data should be used to reprint maps for the purposes described above. 
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Appendix IIIA: 2019 MVRD ground treatments by site. 
 

Site	ID	 Treatment	
Date	

Treatment	
Amount	
(kg)	

Area	
Treated	(ha)	

8d9a4f9f-d5d5-4b8f-b1de-96afdec610aa	 16-May-19	 0.0500	 0.0125	
8d9a4f9f-d5d5-4b8f-b1de-96afdec610aa	 16-May-19	 0.0600	 0.0150	
333cdc46-78f5-417b-b637-dda0105fc8d8	 16-May-19	 0.0500	 0.0125	
333cdc46-78f5-417b-b637-dda0105fc8d8	 16-May-19	 0.0500	 0.0125	
333cdc46-78f5-417b-b637-dda0105fc8d8	 16-May-19	 0.0500	 0.0125	
333cdc46-78f5-417b-b637-dda0105fc8d8	 16-May-19	 0.0500	 0.0125	
9feaedf5-eac6-4e7c-8c3b-3f18ed5d2fe8	 16-May-19	 0.0500	 0.0125	
9feaedf5-eac6-4e7c-8c3b-3f18ed5d2fe8	 16-May-19	 0.0500	 0.0125	
9feaedf5-eac6-4e7c-8c3b-3f18ed5d2fe8	 16-May-19	 0.0500	 0.0125	
9feaedf5-eac6-4e7c-8c3b-3f18ed5d2fe8	 16-May-19	 0.0500	 0.0125	
333cdc46-78f5-417b-b637-dda0105fc8d8	 27-May-19	 0.0015	 0.0004	
333cdc46-78f5-417b-b637-dda0105fc8d8	 27-May-19	 0.0020	 0.0005	
333cdc46-78f5-417b-b637-dda0105fc8d8	 27-May-19	 0.0020	 0.0005	
b86af58b-f1bf-4a9c-9ba1-51c007b038ba	 27-May-19	 0.0600	 0.0150	
b86af58b-f1bf-4a9c-9ba1-51c007b038ba	 27-May-19	 0.0500	 0.0125	
7f313544-cf00-4726-851d-51e73c6de760	 28-May-19	 1.0000	 0.2500	
7f313544-cf00-4726-851d-51e73c6de760	 28-May-19	 4.5000	 1.1250	
7f313544-cf00-4726-851d-51e73c6de760	 28-May-19	 5.0000	 1.2500	
7f313544-cf00-4726-851d-51e73c6de760	 28-May-19	 0.5000	 0.1250	
7f313544-cf00-4726-851d-51e73c6de760	 28-May-19	 3.0000	 0.7500	
3d96d8b1-b2b1-4b6e-b81e-0e517407f0e8	 31-May-19	 0.6000	 0.1500	
ad837df1-29d2-47e3-ac21-60ceaed3905e	 31-May-19	 0.5000	 0.1250	
7f313544-cf00-4726-851d-51e73c6de760	 07-Jun-19	 0.0500	 0.0125	
329c035d-b51c-43dc-9a57-184daf91be4e	 10-Jun-19	 0.0030	 0.0008	
002ae813-ec1d-4df9-96b8-fc9739630eb3	 12-Jun-19	 1.0000	 0.2500	
f09cd7f9-7dd7-470e-abb3-a38bea5fb6d8	 12-Jun-19	 0.0050	 0.0013	
75bd7581-1925-4fa6-852e-9969448c973d	 12-Jun-19	 0.0080	 0.0020	
75bd7581-1925-4fa6-852e-9969448c973d	 12-Jun-19	 0.0040	 0.0010	
86651211-599e-4660-b21a-d7ce459cfba6	 12-Jun-19	 0.0040	 0.0010	
86651211-599e-4660-b21a-d7ce459cfba6	 12-Jun-19	 0.0040	 0.0010	
86651211-599e-4660-b21a-d7ce459cfba6	 12-Jun-19	 0.0030	 0.0008	
86651211-599e-4660-b21a-d7ce459cfba6	 12-Jun-19	 0.0040	 0.0010	
da6a5337-bfc5-43b5-bf51-b11cde05a039	 12-Jun-19	 0.0050	 0.0013	
1299cfe5-3008-4ade-8007-a2d45998a6d2	 13-Jun-19	 6.0000	 1.5000	
8d9a4f9f-d5d5-4b8f-b1de-96afdec610aa	 13-Jun-19	 0.0020	 0.0005	
8d9a4f9f-d5d5-4b8f-b1de-96afdec610aa	 13-Jun-19	 0.0050	 0.0013	
8d9a4f9f-d5d5-4b8f-b1de-96afdec610aa	 13-Jun-19	 0.0015	 0.0004	
333cdc46-78f5-417b-b637-dda0105fc8d8	 13-Jun-19	 0.0002	 0.0001	
333cdc46-78f5-417b-b637-dda0105fc8d8	 13-Jun-19	 0.0005	 0.0001	
333cdc46-78f5-417b-b637-dda0105fc8d8	 13-Jun-19	 0.0008	 0.0002	
333cdc46-78f5-417b-b637-dda0105fc8d8	 13-Jun-19	 0.0002	 0.0001	
333cdc46-78f5-417b-b637-dda0105fc8d8	 13-Jun-19	 0.0005	 0.0001	
9feaedf5-eac6-4e7c-8c3b-3f18ed5d2fe8	 13-Jun-19	 0.0008	 0.0002	
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1354ade7-30f5-46fb-8d20-c22c109f7938	 14-Jun-19	 0.0025	 0.0006	
a57bb755-fba3-493f-8a8e-fd3525e32d3f	 14-Jun-19	 0.0040	 0.0010	
a57bb755-fba3-493f-8a8e-fd3525e32d3f	 14-Jun-19	 0.0040	 0.0010	
a57bb755-fba3-493f-8a8e-fd3525e32d3f	 14-Jun-19	 0.0008	 0.0002	
a57bb755-fba3-493f-8a8e-fd3525e32d3f	 14-Jun-19	 0.0002	 0.0001	
da6a5337-bfc5-43b5-bf51-b11cde05a039	 18-Jun-19	 0.0020	 0.0005	
1354ade7-30f5-46fb-8d20-c22c109f7938	 21-Jun-19	 0.0007	 0.0002	
8d9a4f9f-d5d5-4b8f-b1de-96afdec610aa	 21-Jun-19	 0.0060	 0.0015	
8d9a4f9f-d5d5-4b8f-b1de-96afdec610aa	 21-Jun-19	 0.0015	 0.0004	
9feaedf5-eac6-4e7c-8c3b-3f18ed5d2fe8	 21-Jun-19	 0.0002	 0.0001	
b3021e11-6d1a-442b-8cf0-35e63b35a2e7	 21-Jun-19	 2.0000	 0.5000	
ea71c55e-bccd-4e99-8c88-33e7ef2cfda0	 21-Jun-19	 2.0000	 0.5000	
3d96d8b1-b2b1-4b6e-b81e-0e517407f0e8	 21-Jun-19	 1.5000	 0.3750	
ad837df1-29d2-47e3-ac21-60ceaed3905e	 21-Jun-19	 1.5000	 0.3750	
ad837df1-29d2-47e3-ac21-60ceaed3905e	 21-Jun-19	 2.0000	 0.5000	
e050da0a-6cba-4f34-97e4-bee02f89122b	 21-Jun-19	 3.0000	 0.7500	
9af8a62c-44f7-4ffa-be89-1c2c1ab0760d	 21-Jun-19	 2.0000	 0.5000	
6b9e7a1c-2c1b-45ff-9227-99e32cbd34ad	 24-Jun-19	 0.5000	 0.1250	
04f488f1-3e31-4652-aa50-475f359e4f22	 24-Jun-19	 0.0500	 0.0125	
75bd7581-1925-4fa6-852e-9969448c973d	 25-Jun-19	 0.0020	 0.0005	
75bd7581-1925-4fa6-852e-9969448c973d	 25-Jun-19	 0.0010	 0.0003	
da6a5337-bfc5-43b5-bf51-b11cde05a039	 25-Jun-19	 0.0010	 0.0003	
f09cd7f9-7dd7-470e-abb3-a38bea5fb6d8	 25-Jun-19	 0.0020	 0.0005	
f09cd7f9-7dd7-470e-abb3-a38bea5fb6d8	 25-Jun-19	 0.0030	 0.0008	
f09cd7f9-7dd7-470e-abb3-a38bea5fb6d8	 25-Jun-19	 0.0030	 0.0008	
af38c713-46b3-4f10-be1c-b6e5a9241ceb	 25-Jun-19	 0.0020	 0.0005	
1354ade7-30f5-46fb-8d20-c22c109f7938	 27-Jun-19	 0.0010	 0.0003	
387dd5c5-f7b2-4ba9-9b6e-d4d2f1d76b17	 28-Jun-19	 1.0000	 0.2500	
1354ade7-30f5-46fb-8d20-c22c109f7938	 03-Jul-19	 0.0005	 0.0001	
a57bb755-fba3-493f-8a8e-fd3525e32d3f	 03-Jul-19	 0.0005	 0.0001	
a57bb755-fba3-493f-8a8e-fd3525e32d3f	 03-Jul-19	 0.0030	 0.0008	
a57bb755-fba3-493f-8a8e-fd3525e32d3f	 03-Jul-19	 0.0010	 0.0003	
a57bb755-fba3-493f-8a8e-fd3525e32d3f	 03-Jul-19	 0.0005	 0.0001	
a57bb755-fba3-493f-8a8e-fd3525e32d3f	 03-Jul-19	 0.0008	 0.0002	
a74d63a6-375c-4bf5-b855-3490861d49b7	 03-Jul-19	 0.5000	 0.1250	
75bd7581-1925-4fa6-852e-9969448c973d	 04-Jul-19	 0.0100	 0.0025	
86651211-599e-4660-b21a-d7ce459cfba6	 04-Jul-19	 0.0150	 0.0037	
8d9a4f9f-d5d5-4b8f-b1de-96afdec610aa	 11-Jul-19	 0.0005	 0.0001	
8d9a4f9f-d5d5-4b8f-b1de-96afdec610aa	 11-Jul-19	 0.0030	 0.0008	
8d9a4f9f-d5d5-4b8f-b1de-96afdec610aa	 11-Jul-19	 0.0008	 0.0002	
8d9a4f9f-d5d5-4b8f-b1de-96afdec610aa	 11-Jul-19	 0.0015	 0.0004	
9feaedf5-eac6-4e7c-8c3b-3f18ed5d2fe8	 11-Jul-19	 0.0030	 0.0008	

3d96d8b1-b2b1-4b6e-b81e-0e517407f0e8	 12-Jul-19	 1.5000	 0.3750	
1354ade7-30f5-46fb-8d20-c22c109f7938	 15-Jul-19	 0.0005	 0.0001	
86651211-599e-4660-b21a-d7ce459cfba6	 17-Jul-19	 0.0200	 0.0050	
af38c713-46b3-4f10-be1c-b6e5a9241ceb	 18-Jul-19	 0.0009	 0.0002	
4fd82e9f-3ed4-4f92-8d05-d1264f876d37	 18-Jul-19	 0.5000	 0.1250	
04f488f1-3e31-4652-aa50-475f359e4f22	 18-Jul-19	 0.5000	 0.1250	
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e050da0a-6cba-4f34-97e4-bee02f89122b	 19-Jul-19	 2.0000	 0.5000	
5778c399-4c44-4b94-8c23-44f5dbbbf03a	 19-Jul-19	 0.0005	 0.0001	
a74d63a6-375c-4bf5-b855-3490861d49b7	 22-Jul-19	 0.8000	 0.2000	
8d9a4f9f-d5d5-4b8f-b1de-96afdec610aa	 22-Jul-19	 0.0008	 0.0002	
333cdc46-78f5-417b-b637-dda0105fc8d8	 22-Jul-19	 0.0020	 0.0005	
333cdc46-78f5-417b-b637-dda0105fc8d8	 22-Jul-19	 0.0040	 0.0010	
333cdc46-78f5-417b-b637-dda0105fc8d8	 22-Jul-19	 0.0020	 0.0005	
5778c399-4c44-4b94-8c23-44f5dbbbf03a	 22-Jul-19	 0.0005	 0.0001	
da6a5337-bfc5-43b5-bf51-b11cde05a039	 29-Jul-19	 0.0050	 0.0013	
af38c713-46b3-4f10-be1c-b6e5a9241ceb	 29-Jul-19	 0.0080	 0.0020	
5778c399-4c44-4b94-8c23-44f5dbbbf03a	 29-Jul-19	 0.0005	 0.0001	
5dfaab09-929f-4e85-8c5b-8af82ea00c87	 29-Jul-19	 0.0020	 0.0005	
18761dcc-2ad5-4e6a-8981-2ce61cf2ef58	 30-Jul-19	 0.0040	 0.0010	
18761dcc-2ad5-4e6a-8981-2ce61cf2ef58	 30-Jul-19	 0.0040	 0.0010	
75bd7581-1925-4fa6-852e-9969448c973d	 07-Aug-19	 0.0010	 0.0017	
9439315a-93fc-42b2-aa36-d8c123229873	 07-Aug-19	 0.0010	 0.0017	
5778c399-4c44-4b94-8c23-44f5dbbbf03a	 07-Aug-19	 0.0010	 0.0017	
a57bb755-fba3-493f-8a8e-fd3525e32d3f	 08-Aug-19	 0.0008	 0.0002	
9feaedf5-eac6-4e7c-8c3b-3f18ed5d2fe8	 08-Aug-19	 0.0030	 0.0050	
9feaedf5-eac6-4e7c-8c3b-3f18ed5d2fe8	 08-Aug-19	 0.0030	 0.0050	
18761dcc-2ad5-4e6a-8981-2ce61cf2ef58	 13-Aug-19	 0.0400	 0.0100	
af38c713-46b3-4f10-be1c-b6e5a9241ceb	 19-Aug-19	 0.0020	 0.0005	
86651211-599e-4660-b21a-d7ce459cfba6	 19-Aug-19	 0.0040	 0.0010	
5778c399-4c44-4b94-8c23-44f5dbbbf03a	 19-Aug-19	 0.0005	 0.0008	
9439315a-93fc-42b2-aa36-d8c123229873	 19-Aug-19	 0.0010	 0.0017	
af38c713-46b3-4f10-be1c-b6e5a9241ceb	 26-Aug-19	 0.0040	 0.0010	
75bd7581-1925-4fa6-852e-9969448c973d	 26-Aug-19	 0.0200	 0.0050	

 
 
Appendix IIIB: 2019 MVRD aerial treatments by site. 

Area	ID	 Treatment	Date	 Treatment	Amount	
(kg)	

Area	Treated	
(ha)	

6e62af8f-d4ee-471f-880a-dff666b70f63	 08-Jun-19	 153.6	 15.3600	
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Appendix IV 2019 Trap Results - Metro Vancouver
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