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Introduction
The area located along the Slocan River, between the Village of Slocan and
Passmore, regularly experiences high levels of mosquito annoyance resulting from
the annual freshet. A number of community members have championed an effort to
develop a mosquito control program for the area. The primary objectives of this
program would be to: (1) help make the outdoors more livable in the summer, (2)
diminish mosquito annoyance to local livestock, and (3) lessen the impact
mosquitoes have on neighboring businesses. (e.g., tourism, agricultural endeavors,
etc.).

Prior to the implementation of a mosquito control program, local citizens have
requested an assessment of potential mosquito development sites. This assessment
has been conducted on behalf of the residents, agriculture, and businesses in the
valley. The goal of this initial assessment is to present a feasible plan to monitor and
control mosquitoes. This plan will be used to inform stakeholders in the area before
an elector ascent process is held to determine the local interest in a large-scale
mosquito control program.

Objectives

The objectives of this assessment were to determine the feasibility of a mosquito
control program, communicate with residents to determine overall community
support, and develop a cost estimate for varying river levels.

The findings of this assessment will be used to develop a more accurate plan for
program delivery. Ultimately, the findings of this survey will be presented to the
affected community as a basis for a elector ascent process.
Key Deliverables
• Proposed Boundary,
• Estimated Operations Costs,
• Process Outline,
• Recommendations.

Petitions

Two petitions were started in the community by residents for and against any
mosquito control activities. MBL received copies of the petitions from the RDCK and
digitized the contents. Unfortunately, both petitions contained numerous
unqualified entries; for example, a simple first name with no contact or address
information, or completely illegible entries. As a standard, we only considered
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entries if they contained at least one of the following: first and last name, or general
address, or contact information.

Of the qualified entries, an attempt was made to geocode the contents of both
petitions. Entries were categorized as follows:
•
•
•
•

“No” – the address couldn’t be found, as entered, in Google Maps,
“Possible” – no address, but often includes a PO Box or other generalization,
“Decent” – doesn’t contain a complete address, but can be narrowed down to
a localized area, eg. a road name in the Winlaw area, and
“Great” – a full street address that can be found in Google Maps.

Table 1 After the unqualified entries were removed from the petitions we were left with 504 signatures
as outlined in the table.

No
Petition

Yes
Petition

Great

198

150

348

Decent

25

7

32

Possible

94

16

110

No

11

3

14

Grand
Total

328

176

504

Total

The “Great” category were the only addresses used in consideration of the extent of
the study area. The reason that the “Decent” category wasn’t used is that many of
the address locations couldn’t be narrowed down within a 10 km stretch of road.
It is difficult to glean much from the petitions pertaining to community sentiment
and it is difficult to determine if the numbers on the petitions were related to efforts
to distribute the petition. We feel that this could have significantly skewed the
participation.

For the reason described above, the petition was useful only in as much as it
initiated this process and assisted us in defining the potential study area. In terms of
the usefulness in determining the boundaries, it was evident that the communities
of Vallican and the Village of Slocan were overwhelmingly opposed to mosquito
control. Combined with diminished habitat availability it was decided that the
boundaries of these communities would serve as study area boundaries.
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GIS Modelling – Habitat
MBL GIS staff conducted early assessments for potential habitat within the Slocan
valley. An analysis of the foreshore gradients, soil moisture levels, and elevation was
conducted to help focus the activities of the field assessment to areas with the most
potential to flood during the freshet and hence, produce mosquitoes.
The results of this exercise, combined with the results of the petition assessment,
confirmed looking at the area north of Vallican up to just south of the Village of
Slocan. A map showing the results of this exercise can be found in Appendix I.

Field summary

The field assessment took place October 21 and 28, 2017.

Barry McLane, GIS manager, developed maps detailing the area described above and
the previous assessment initiative. All sites were then loaded into our mobile data
collection system and assessed in the field. All sites were easily accessible by foot or
vehicle along the floodplain 1. Each site
1 A small screen shot showing some of the
was surveyed by experienced mosquito Figure
initial modelling. See Appendix I for full maps.
control staff and included notes,
photos, and gps coordinates for
potential
mosquito
development
activity.

Results of the field activities were then
distilled into distinguishable polygons.
These polygons were used for two
purposes; first, to get a rough
understanding of the potential scale of
control efforts and, second, to aid in
developing a list of landowners along
the floodplain who may be directly
impacted
by
mosquito
control
activities.

The results of this activity suggest that
there are approximately 32 delineable
mosquito
development
sites
comprising an estimated total of
approximately 260 hectares. A map
1

A map of the proposed Mosquito Control Service Area can be found in Appendix I.
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showing the results of this exercise can be found in Appendix II.

Landowner Survey/Consent

In an effort to complete a feasibility assessment, contact was attempted with all
landowners with property that could contribute significantly to the overall
mosquito development in the area 2. Without consent to treat some of these larger
sites it has been determined that overall mosquito reduction would be lessened,
thereby reducing the benefit gained by conducting mosquito control operations.

During the survey, we asked three questions:
1. If a mosquito control program were voted in via an elector ascent process,
would you be amenable to mosquito control operations on your land? (Q1)
2. Would you allow access to and or through your property for the purposes of
mosquito monitoring and control? Follow-up question; are there access
issues? (Q2)
3. Do you have, or do you have plans to attain, organic certification for
agricultural activities on your land? (Q3)
A summary of the results of questions 1 and 2 is provided in the table below.

Table 2 This table summarizes the results of the landowner survey. Note that, of respondants who
participated, 74% were for the program and 26% were against it (only 19 of the possible 32 landowners
were reached). Question 1 and 2 elicited the exact results.

Affirmative responses
Negative responses

No response (not reached)

Q1

Q2

41%

41%

44%
16%

44%
16%

The results to question 3 require separate consideration. The majority of the
respondents do not, or are not planning to, have organic certification. One
respondent, who was not against being part of a program, did have questions
regarding treatment methodology and did indicate a potential to start an organic
farm.
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Table 3 Summary of the responses to Question 3. Note that, of respondents, 89% were non-organic with
no plans to attain organic certification.

Non-organic with no plans for certification.
Organic certification or plans for certification
No response (not reached)

Q3
50%
6%
44%

Other Communications
MBL staff attempted to connect with a local stream keeper’s association, no
response was received by MBL. A copy of the email sent can be found in Appendix
III.

Factors Affecting Program Costs

A number of factors can significantly impact the costs of program delivery. The
greatest factor in program cost is the maximum height of water during mosquito
season. The cause of the peak (freshet or rain event) is usually inconsequential. As
the water levels increase, so too does the flooded area and the potential for
mosquito production.
Since the topography is typically very shallow in floodplain areas, the rate of
increase of flooded area relative to the elevation of the water is very high. This
means that a small upward perturbation in water levels often results in a dramatic
increase in flooded foreshore sites and, thus, in mosquito production.

A second factor related to the high-water levels is the river discharge dynamics and
how that affects the curve of the water level charts. A freshet that is extended over a
number of weeks is often more difficult and costly to manage than one that has a
high and relatively short peak (e.g., increased formation of seepage sites, decreased
overland affected floodplain surface area, etc.).

The timing and amount of rainfall can have considerable effects on the number of
seepage-activated sites, as well. For example, heavy early season rains can saturate
the soils, elevate the groundwater table, and lead to more extensive seepage in a
region. This seepage, while generally easy to treat, is often warmer and results in
more rapid maturation of mosquitoes and a shortened treatment window.

Late season rains, particularly in the absence of heavy early season rains, typically
affect the river levels in an area and can result in more overland affected mosquito
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sites. In many cases this can lead to some increase in the treatment requirements for
a program. However, the consequences tend to be less than that of higher
groundwater since this peak often recedes more quickly than seepage water will.

A final factor that, to a lesser degree, can affect the costs associated with mosquito
treatments is the combination of ambient temperature and solar intensity. It has
been well documented in the literature (and through field observations) that typical
floodwater mosquitoes can hatch and develop in water as cold as 4oC. Mosquitoes
developing in cooler waters take longer to go through each instar, often taking 1014 days to progress to pupa. Whereas, larvae in very warm water can progress to
pupa in as few as 4 days (Becker et al., 2010 3). In this case, the effect on cost
ultimately occurs as a result of the warmer weather. Specifically, the warmer
weather shortens the window for treatment and causes a heavier reliance on aerial
applications, therefore a higher cost associated with treatments.

Historical Assessments

A previous assessment had been done in the area in approximately 2000; however,
no copy of that assessment was available.

Water Levels

Note: “discharge” is referenced rather than “levels” due to the fact that water level data is only available
for this station back to 2011. While not exact, discharge is generally correlated strongly with water level
(R=0.96; years 2011-2015 for the Kootenay River) and therefore a practical basis for comparison.

While it is difficult to determine what level of water triggers wide-scale larval
development, it is possible to narrow down the start of it. It would appear, based on
conversations with residents and a review of historical freshets, that the trigger
point is somewhere between 400-450cms (approximately 3-3.5m).
This would put an average season occurring between mid-May and the end of July.
This past season saw the river levels reach nearly 650cms (just over 4m). This highwater level caused wide spread and high levels of mosquito annoyance.

3

Becker, N., Petric, D., Zgomba, M., Boase, C., Minoo, M., Dahl, C., and Kaiser, A. 2010. Mosquitoes and
Their Control. Springer Heidelberg Dordrecht London New York. 577pp

morrowbioscience.com

9

Figure 2 Discharge levels for Slocan River (gage 08NJ013) reporting historic data for 2012. (Data source:
http://wateroffice.ec.gc.ca)

Communication with a number of local residents has suggested that mosquito
development takes place in most seasons, with only 2001 and 2016 having low
enough water to result in very few mosquitoes (in the last 17 years). This poses a
challenge, since 2004 and 2010 were both lower water years than those listed
above. It is possible that conditions (rain, etc) were just right for overland water on
those low freshet seasons.
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Figure 3 Discharge levels for Slocan River (gage 08NJ013) reporting historic data for 2016. (Data source:
http://wateroffice.ec.gc.ca)

Figure 4 Peak flow data from 1925-2017 (Gage 08NJ013) indicates frequent high-water events. This
information helps forecast potential costing implications as well as periodicity of high mosquito
annoyance.
morrowbioscience.com
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Findings
Most of the areas along the Slocan River directly associated with the flood plain
showed some level of mosquito development potential. In fact, in most areas, even
this late in the season, there were still numerous adult mosquitoes lingering.

The majority of the foreshore presented the potential to produce mosquitoes during
the freshet. The information gathered from the field survey was used to identify
discrete sites shown to have relatively uniform habitat. A total of 32 sites were
created totaling a maximum area of approximately 260 ha. Given the proximity to
dwellings, most of these sites would be considered significant.
Most of the sites contained swales, or channels. These channels are either wetted by
overland water or through seepage and would be the first areas active during the
freshet. These discrete sites could successfully be managed by ground applications.

As the freshet continues during a typical season, we expect that aerial treatments
will be required. The typical freshet on this system (as presented by the annual flow
data) lends itself well to requiring only one aerial treatment.

Phone Survey

To summarize; enough landowners with large parcels of land along Slocan River
have responded favourably to the potential for mosquito control on their land. At
the time of report submission, we were still waiting to hear back from a portion of
the residents, whom we feel could likely be seasonal residents. To the best of our
knowledge, all other relevant landowners have been contacted.

Feasibility Recommendations

Based on the summary of the petition results, paring it down for the most accurate
geographic location, suggests that the split for and against a mosquito control
program runs nearly 46:54 (for:against) within the recommended program area.

From an operations perspective, mosquito control in this valley would be quite
simple. The only significant input to the river system comes from Slocan Lake and
changes in water level appear predictable. All areas with potential mosquito
production are easily accessed and could be effectively monitored and treated by
ground crews. At high water the area would likely require aerial treatments. The
nature of this system is such that freshet behaviour would be predictable and easily
responded to.
morrowbioscience.com
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Control Recommendations
Mosquito control is generally achieved through the use of a larval control product
Bacillus thuringinensis israelensis (Bti). Bti is a natural, soil-borne bacterium. The
carrier for Bti is corn cob granules. When ingested by mosquito larvae, the Bti
quickly affects the mosquito’s gut, causing abrupt larval death. The product is
relatively target-specific, meaning that there are few non-target effects. More
information on Bti can be seen in the following ‘Product Safety’ section, and in
Appendix IV.

One very important factor when determining the feasibility of a control program is
determining the water level that triggers larval development. This information
allows for the development of a strategy that takes advantage of the flow
characteristics. When the River flow is monitored closely, staff members should be
able to treat more of the sites by hand. Ground (hand/backpack blower) treatments
are considerably more precise, use less pesticide, and can be timed more
appropriately than aerial treatments.

Aerial treatments tend to be relied upon when the water levels are too high for safe
access to treatment sites, or when there is too much simultaneous larval activity to
allow the time for hand treatments. Aerial treatments can reach at least 200ha/hr.
On the other hand, ground treatments (hand/backpack blower) can, in ideal
conditions, be conducted at approximately 2ha/hr. The significant increase in
treatment rate with a helicopter allows for an entire region to be treated in 1-2 days.
Given the relatively small scale of this program, MBL would estimate that each aerial
treatment could be conducted in 1 day.
MBL recommends (initially) 2 seasonal field staff to monitor and hand treat, as
necessary, the areas in the Mosquito Control Service Area. Monitoring should begin
in late April (to account for snowmelt mosquitoes, as seen in other local programs).
It is entirely likely that, after a few seasons of varied water levels and improved
knowledge, one field person could conduct the monitoring and hand treatments
required by the program.

Low water years would likely require only hand treatments in isolated areas. During
higher water years, hand treatments would be required in the early part of the
season with a shift to aerial treatments as the waters continued to rise. A few
seasons of program operations would provide a clearer picture of the water levels
that require a shift to aerial operations.

Elevated water levels in the Mosquito Control Service Area appear to typically
remain until late June or early July. Given that general average, continued
monitoring and subsequent treatment of seepage sites farther inland would likely
morrowbioscience.com

13

be necessary. Seepage treatments later in the season would likely be best treated by
ground (backpack blowers).

MBL Staff feels that a control program in this area would be extremely feasible and
would result in a dramatic reduction in annual mosquito annoyance.

“No-Treatment” Zones

In most cases, landowners can request that their lands be exempt from mosquito
control treatments. This typically leads to a buffer around exempt lands that has
higher levels of adult mosquito annoyance; however, in most cases this doesn’t
affect overall program efficacy.

In past practice, organic certified lands have been exempt from treatment at the
request of the landowner, although, in many cases, treatment can occur under the
guidelines of certifying bodies without a loss of certification. In many cases, this
product is available for purchase through organic supply chains for use in organic
farming and is listed on the Organic Materials Review Institute (OMRI) Canada
website as “Allowed with Restrictions”. 4

Product Safety

All pesticides registered for use in Canada are registered through the Pest
Management Regulatory Agency (PMRA). The following excerpt is from the PMRA
webpage 5:

“Pesticides are stringently regulated in Canada to ensure they pose minimal risk to
human health and the environment. Under authority of the Pest Control Products Act,
Health Canada:
• registers pesticides after a stringent, science-based evaluation that ensures any
risks are acceptable;
• re-evaluates the pesticides currently on the market on a 15-year cycle to ensure
the products meet current scientific standards; and
• promotes sustainable pest management.
Health Canada also promotes and verifies compliance with the Act and enforces
situations of non compliance warranting action. Our programs and initiatives look to
improve the regulatory process and provide Canadians pest control products and

4https://www.omri.org/ubersearch/results/Aquabac%20%28200G%29%20Mosquito%20Biolarvicide%20Gra

nule

5https://www.canada.ca/en/health-canada/corporate/about-health-canada/branches-agencies/pest-

management-regulatory-agency.html
morrowbioscience.com
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strategies with acceptable risk and value. Health Canada is committed to providing an
open, transparent and participatory process for pesticide regulation.”
The non-target (direct) effects of Bti on all species has been thoroughly studied. This
information has been incorporated during the review and registration of Bti through
the PMRA.

As per Health Canada, Bti only becomes toxic in the stomachs of mosquitoes and
black fly larvae. Because of this, it does not affect other insects, honeybees, fish,
birds or mammals. The U.S. Environmental Protection Agency categorizes the risks
posed by Bt strains to non-target organisms as minimal to non-existent. 6

Pest Management Plan Process

The next step towards introduction of a new program, if it gains elector ascent, is
the development of a Mosquito Control Service Area. This Service Area will be used
to define the boundaries of the Pest Management Plan (PMP). Development of a PMP
would be essential if treatments were to be conducted in this area on public and
private lands.

A Pest Management Plan outlines how a target pest, in this case specific mosquitoes,
will be controlled through a variety of means; biological controls, physical controls,
cultural controls, etc. A plan is required anytime pesticides are applied to public
lands and exceed 1ha per land management authority. Once approved by
stakeholders and the Province, the PMP is used to guide all activities and reporting
requirements for the duration of the plan (usually 5 years).
The RDCK currently has a PMP that cover the previously established programs
operating in a portion of Electoral Area D (Duncan Dam area and Pine Ridge
subdivision).

In the case of the RDCK, it is likely that the current PMP could be modified to include
the newly defined Service Area (full consultation would likely be required only if
different First Nations groups require consultation). If the RDCK is managing both
programs, then the MOE will require a combined plan.
Developing a PMP takes approximately 3 months. This process can roughly be
broken into 3 phases:
1. Pest management plan preparation,
a. Draft stage, a basis for consultation,

6 https://www.canada.ca/en/health-canada/services/consumer-product-safety/reportspublications/pesticides-pest-management/fact-sheets-other-resources/bacillus-thuringiensis-subspeciesisraelensis.html
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2. Stakeholder consultation,
a. Registered letters and calls to stakeholders,
b. Community open houses,
3. Pesticide Use Notice (PUN) submission,
a. Wait for Confirmation Notice (typically 45 days),
b. Submit Notice of Intent to Treat (NIT).
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Expected Program Costs
The findings of this assessment, combined with our relevant experience with control
programs of a similar scope and nature within the region, allow for what we feel is
an accurate assessment of the financial costs associated with control measures.
MBL estimates that the delivery of a mosquito control program in this region would
cost a probable maximum of $62,000 annually 7.

7

Note that this includes the price of pesticides (this can change given that the price is driven by the
value of the $CAN vs. $US).
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Appendix I – GIS Modeling of Flood Potential
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Appendix II – Potential sites based on Field Survey
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Appendix III – Copies of Streamkeeper emails (sent)
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Winlaw Mosquito Feasibility

me to info, bcc: Morrow

11/15/17

Good morning Streamkeepers,
I'm reaching out to connect with you on behalf of the RDCK. We've been engaged to conduct a feasibility assessment with respect to
the potential to control mosquitoes within the Slocan Valley.
A signiﬁcant portion of the feasibility assessment is reaching out to community groups and residents to gage the level of interest in this
type of program and the depth of knowledge with respect to the management practices.
This feasibility assessment was triggered by the submission of two petitions from the area (both for and against). Our task, now, is to
report to the RDCK on a number of fronts: 1) is the program likely to succeed in managing the mosquito annoyance for residents, 2) is
the community sentiment likely to favour a program, and 3) the expected cost implications if a program were to go forward.
Our experience has shown that streamkeeper groups have their ﬁngers on the pulse of the ecosystem (in particular, the aquatic
ecosystem) as well as the community sentiment and knowledge. To that end, we would like to reach out to you and discuss what a
program means, how it affects the ecosystem, and how the community may or may not favour such an endeavour.
The best way to reach me is by email or on my cell (604.317.1413).
Thank you for your time, and I hope to speak to someone from your organization soon.
Sincerely,
Dirk Lewis
…

Appendix IV – Aquabac Label
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