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Report Highlights






















Long time Field Supervisor Andy Lowry resigned/retired early in 2019
Jessica Fetterman, who has served MCMC for 15 seasons was hired to fill the vacant Field Supervisor
position.
Patty Wood, who followed Charlie Dinsmore as the Operations Supervisor in 2018, resigned to take
another position in November.
The MCMC Department has been reorganized and the Operations Supervisor position restructured as an
Operations Planer. The Planner position has many of the same responsibilities but does not supervise any
MCMC personnel.
The Board of Commissioners approved the request to add a second seasonal Biology Technician to the
MCMC staff. This change will take place in 2020.
2019 was the third year that MCMC agreed with Ten16 Recovery Network to hire participants in active
addiction recovery. Three individuals were hired this season.
Work to better utilize GIS mapping capabilities continued in 2019. All trucks operated with an iPad for the
first time this season. The greatest number of larval samples and landing counts were obtained this season
due to GIS technological advances.
Consistent with previous seasons, just under 58,000 acres of flooded woodlot habitat were treated during
aerial larviciding program. Overall control averaged 90% among granular material blocks and 84% in the
liquid material blocks.
Foot crews treated a total of 3,118 acres of flooded woodlots during the spring program. This is above
average and is attributed to the cooler spring weather affording more time to treat mosquitoes before they
emerged as adults.
A change in 2019 involved limiting treatment of priority 2 blocks to approximately 100 yards from
residences. This allowed greater progress into more priority 2 blocks and therefore resulted in more county
residents receiving control efforts near their homes.
Some catch basins treated with BS products showed poor control among Culex larvae. This may involve
insecticide resistance to this product. Therefore, plans for 2020 involve use of methoprene in these catch
basins.
Surveillance observations included overall low abundance of Aedes vexans and higher than usual numbers
of Aedes canadensis.
GIS and ESRI tools have significantly improved rain data downloads, which are crucial for directing
treatment to appropriate areas following summer rains.
The greatest amount of rain fell on the western townships of the county during 2019.
The overall mosquito burden was reduced in 2019 compared to previous seasons, and particularly in
comparison to 2017 and late 2018. As a result, total mosquito adulticiding fogging was below average with
a total of just over 13,000 miles treated compared with the average of 19,338 miles during 2013-2019.
As was done in 2018, the first two times through out-county routes involved trucks set at 15 MPH
treatment and no driveways were included to increase progress.
Trails were not done until later in the summer (latter part of June) to reduce the risk of vehicles getting
stuck during fogging.
In order to reduce the changes to routes, resident requests for long driveway service received after 1 May
will be considered for inclusion in the following year’s route.
Increased use of multiday gravid trap deployment resulted in more data for disease surveillance.
WNV testing of mosquitoes was conducted in 2019 by MSU due to greater results accuracy. Two
mosquito pools tested positive in 2019.
Jamestown Canyon Virus surveillance was done in Midland County in 2019 in coordination with MSU. A
total of 194 mosquito pools (4,156) mosquitoes were submitted for testing. Results are pending.
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Organizational Overview & Personnel
The primary objective of Midland County Mosquito Control (MCMC) is to reduce the risk of
mosquito-borne viral diseases in Midland County. This goal is accomplished through the
systematic and timely application of safe, effective and economical mosquito control techniques.
Midland County mosquito Control is a department within the County of Midland. The program
is overseen by the Midland County Administrator/Controller and the seven-member County
Board of Commissioners.
Midland County Mosquito Control has served the residents of the County since approval by
popular vote in 1982. The organization is funded through a separate millage at a current rate of
0.42 mills, which was last approved in 2016.
Mosquito Control consists of six full-time (Director, Operations Supervisor, Biologist, Office
Manager & 2 Foremen) and 23 seasonal personnel (Mechanic, Clerk, Biology Technician & 20
Field Technicians).

Director
Carl Doud

Office Manager
Joyce McLaughlin

Clerk
Joelle Boudreau

Biologist
Doug Allen

Biology Technician
Colin McGraw

Operations Supervisor
Patty Wood

Mechanic
Dave Taylor

Day Foreman
Jessica Fetterman

Night Foreman
Brett Ireland

Assitant Foreman
Michelle Short

Assitant Forman
Chuck Sherman

Field Technicians
Richard Berrera
Harry Davis
Jeff Erdman
Andrew Hackworth
Mark Kronsberg
Alec Reisig
Dustin Rhabadue
Paul Scott
Kendra Watkins
Seth Woods
Ryan Williams
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Field Technicians
Brandon Drouin
David Fini
Hunter Gerard
Cade Hunger
Chris Krause
Joe Kullick
Bob Novak
Shannon Seawood
Sam Wamsley

Figure 1. 2019 MCMC personnel and organizational chart

Early in 2019, long time dayshift Foreman Andy Lowry announced his intention to resign/retire,
which was effective on 15 March. An event marking Any’s retirement was held at MCMC on
that date.

Figure 2. Andy Lowry is presented with a shadow box for his retirement, 15 March 2019

Efforts to hire a replacement Foreman resulted in the selection of Jessica Fetterman. Jessica has
worked at MCMC for 15 seasons as a Field Technician and Assistant Foreman.
The two Foreman (Brett Ireland & Jessica Fetterman) began full time employment on 19
February. The Mechanic (Dave Taylor) returned on 11 March. Efforts began with the hiring
process for twenty Field Technicians, Clerk, and Biology Technician. Field Techs began
training for the Michigan pesticide applicator registration exam on April 1st.
Effective November of 2019, Patty Wood resigned in order to take another position. Steps were
taken by Dr. Doud to reorganize the Department and change the responsibilities of the
Operations Supervisor position. These changes were approved by the Board of Commissioners
on 19 November. The revised departmental organization for the 2020 season will be the
following:
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Office
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Figure 3. New organizational structure of Mosquito Control for 2020

The Operations Supervisor (OS) position has been re-designated as the Operations Planner.
Many of the responsibilities of the OS position remain, but the Planner will not be a supervisor.
This individual will work to support the staff and primarily the Field Supervisors (Foremen) in a
number of ways to ensure smooth operations and data analysis. Efforts to hire for the Operations
Planner position will begin in 2020.
MCMC again in 2019 signed an agreement with Ten16 Recovery Network in Midland to hire up
to four individuals active in addition recovery. Added measures of accountability accompanied
the agreement to work at MCMC. Three individuals were approved and hired in 2019.
Table 1. Generalized schedule of seasonal MCMC operations

Operation

FIELD OPERATIONS SCHEDULE
April
May
June
July
st
th
st
th
st
th
st
1
15
1
15
1
15
1
15th

August
1st 15th

September
1st 15th

Spring Season
Woodlot (Bti)
Woodlots (MLO)

Summer Season
Woodlots (MLO)
Roadside Ditches (Bti)
Summer Sites (Bti, MLO)
Catch-basins (BS, Altosid PG)
County Drains (Bti)
Adulticiding (Permenthrin)

Table 1 outlines a generalized seasonal operations schedule. Seasonal field technicians, biology
technicians and clerk are brought on in late March to early April. Training and testing to become
MDARD registered insecticide applicator occurs for the first week of the season. Crews are then
sent out to begin treating flooded woodlot areas. This occurs until sometime in May until the
spring mosquitoes have emerged as adults. Around the 15th of May, the crews are split to a day
and night shift and nighttime fogging begins during the latter half of the night shift. At this time
4

of the season field work is largely driven by rain events that are sufficient to cause temporary
flooding and standing water in areas. Summer mosquitoes such as Aedes vexans are controlled
in ditches and flooded fields at this time. Usually three treatments of catch basins are carried out
between rain events, largely to control Culex spp. and reduce West Nile virus risk. Towards the
latter part of the summer, treatments to permanent water habitats (county drains, swamps, ponds,
marshes) are often carried out to control Anopheles spp.

Surveillance Overview
The main story of the 2019 Midland County Mosquito Control season surveillance was the
expanded use of iPad tablets and digital collection of data. The use of NOAA rainfall data,
tracking anomalies regarding precipitation continues to improve and slowly replace the
widespread use of rain gauges as used in the past.
While there is still much to do in the future to develop and refine the digital program, good
progress was made in 2019. With 14 iPads used to collect field data, more records were
documented, which provided a new depth of information that was immediately available for
viewing and analysis. For example, over 600 seasonal landing counts and 970 larval sample data
points were collected during the 2019 season. This resulted in a significant amount of species
identifications as well as the what, when and where our employees are observing mosquitoes in
their daily workplace duties.

The Aedes canadensis issue
A distinct observation in 2019 was relatively high populations of Aedes canadensis indicated
from sampling in CDC light traps, New Jersey light traps and landing counts. Additionally,
larval samples of Ae. canadensis were obtained into the latter part of the summer. The following
graphs reveal large amounts of spring floodwater mosquitoes captured. It should be noted that
the majority of these consist of Ae. canadensis. In fact, this season was notable in that Ae.
canadensis numbers exceeded those of Aedes vexans, which has perhaps never been observed
before.
At the writing of this report results of surveillance for Jamestown Canyon Virus are still pending.
The past and emerging data indicates that Ae. canadensis is a significant vector of JCV and so it
is all the more noteworthy that the populations of this mosquito have been trending up and were
so significant this season.

Surveillance Highlights






Improved rain data downloads
Increased use of iPads for data collection
Increased use of multiday Gravid trap deployment
Increased WNV pools, testing done by MSU
Jamestown Canyon Virus surveillance
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Spring Woodlot Larviciding Program
The spring was characterized by wet and cool conditions. This actually aided control efforts
with the cooler-than-normal temperatures extending the time available to treat mosquitoes while
they remained in the larval/pupal stage. The below sections describe treatment of over 61,000
acres of woodlot areas in the county.

Figure 4. County map showing areas treated during the spring larviciding program.

Aerial Larviciding Program
The aerial program was initiated on April 16 and was completed on April 28, taking a total of 13
days to complete. A total of 57,864 acres of spring flooded woodlot habitat (Appendix D) were
treated consisting of 28,647 acres treated with liquid BTI material and 29,217 with granular
material. Measured overall efficacy was 89.9% and 83% among granular and liquid blocks,
respectively. The aerial service was provided by Hatfield Spraying Service of Nunica, Michigan.
Three planes equipped for liquid material treatment and two for granular were dispatched at the
beginning of the operation. This works well as with good weather conditions liquid treatment
goes quicker than granular. Also, conditions are more constrained with liquid treatment and this
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can be a limiting factor in timely completion of the program. Therefore, starting with three
liquid planes helps to gain progress in the liquid blocks early on in the operation.
Table 2. 2019 aerial larviciding dates and control average.

Liquid
Granular

Began
4/16/2019
4/16/2019

Ended
4/24/19
4/28/19

# Days
9
13

% Control
83.8%
89.9%

L – liquid BTI treated areas
G – granule BTI treated areas

Figure 5. Percentage larval control in various aerial treatment blocks during 2019

It should be noted that block 8L indicated only 15% control. The cause of this low amount of
control is suspected to be poor conditions for effective liquid treatment such as low humidity
and/or wind at the upper limit of label requirements. Treatment variable such as humidity and
temperature are more constrained for Liquid BTI material and so must be carefully monitored to
ensure optimum efficacy. Furthermore, the 15% control was based on four test pools, which is a
small sample. In contrast Block 7L had 21 test pools, with 96% control in that block, which is
7

excellent treatment efficacy. Excellent control is consistent with previous season’s observations
of control when material is applied in favorable humidity and wind conditions.
A block of approximately 500 acres was added to the aerial program in Jasper Township. For
the first time, all townships have some acreage in the aerial program.

Spring Foot Crew Larviciding
Foot crews successfully treated 3,118 acres of flooded woodlot habitat (Appendix D) during the spring
program in 2019. This is above average progress and is attributed to the overall cooler spring
temperatures, which resulted in more available time to treat larval/pupal habitat before mosquitoes
emerged as adults. Materials applied were Vectobac® AS12 liquid BTI (Appendix C) and BVA-2 mineral
oil (Appendix C) on May 8th following the observation of pupal stage mosquitoes in woodland pools.
Foot crew treatment blocks are prioritized in a number system of 1-3 with highest priority designated as 1.
The goal of spring foot crew treatment is to complete all priority 1 sites and make as much progress in
priority 2 as time allows. Priority 3 sites consist mostly of known larval habitat that is bordered by the
fewest number of residents.
In 2019 foot crews limited treatment in priority 2 blocks to within approximately 100 yards from
residences, even if habitat extended beyond that area. This allowed greater progress into more priority 2
blocks and more county residents receiving control efforts near their homes. This adjustment will likely
be utilized in future seasons.

Summer Weather Events & Larval Surveillance
Overall rainfall was above average in some portions of the county and below in others. The spring
was fairly wet, fairly dry during summer with some significant rain events again in September
(Appendix B). Most of the precipitation received was early in the season (Fig. 7) and created
spring and summer mosquito species habitat. June through August rainfall was below normal (Fig.
8). Species that rely on temporary flooded habitat such as Aedes vexans were observed in low
overall numbers, likely due to reduced larval habitat.
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Figure 6. Seasonal percent of normal precipitation for Midland County, 2019

.
Figure 7. Monthly precipitation as percent of normal for the month of May, 2019
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August Percent of Normal Precipitation

July Percent of Normal Precipitation

Figure 8. Rainfall percentage of normal for the months of July and August, 2019

Summer Larval Surveillance
Larval mosquito surveillance is greatly
enhanced with the tools of iPads and GIS
technology. There were over 970 larval points
taken in 2019 facilitating collection of
mosquito data such as habitat, density and
location. In the past there was no way to be
able to visualize the information that our
working techs were actually discovering out in
the field to this level.
From the site locations,
species identification as
also collected and answers
the when and what of
species and habitat.
Efforts will be made to
enhance the capabilities of
larval data capture. Using
GIS technology to collect
data and then to relate it to

Figure 9. 2019 mosquito larval samples taken from various habitats
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field circumstances in an effort to understand more about the mosquitoes that inhabit Midland
County.

Figure 10. 2019 mosquito larval samples taken from various townships

Summer Larviciding
The overall summer rainfall patterns drive much of the larviciding treatment each year. Though
the summer of 2019 was overall below average for precipitation in the City of Midland
(Appendix B), the western townships in the county received above average rainfall (Figs. 6-11).
With many of these occurrences, trucks equipped to treat roadside ditches were dispatched. Foot
crews were also sent in several cases to treat known flooded field and other summer habitats.
The greatest rainfall events of the mid-summer occurred on June 28th and August 5-6 (Fig. 11),
and were responded to by both truck-mounted and foot crews to treat standing water habitats.
The highest rainfall events of the late summer occurred just days before the season was over on
September 11-13 and exceeded any other rainfall events of the 2019 season. However, due to
the late season occurrences of these events, no larviciding efforts were required.
Table 3 summarizes the acres of summer habitat treated in 2019. The notable observations from
these data are an increased number of acres of flooded woodlot treatment in response to rainfall
events; an increase in use of trucks to treat cross country drains (areas where the CCD ran
parallel to county roads); and a decrease in treatment of permanent water sites such as cattail
marshes, ponds and swamps. Sewage lagoons were checked but did not indicate need for
treatment as no larvae were sampled during the 2019 season.
11

June28

Aug 5-6

Figure 11. June and August rain events requiring larviciding response

Table 3. 2019 summer larviciding treatment totals and average.

Habitat
Roadside Ditch
Small Ditch
Cross Country Drain
Flooded Field
Cattail Marsh
Pond/retention Pond
Swamp
Sewage Lagoon

Treatment type
truck
foot
truck
foot
foot
foot
foot
foot

2019 total acres
1298
61
85
854
41
27
20
0

Average acres (2013-2019)
1210
62
33
648
135
36
43
16

Table 4. 2019 treatment of tires and artificial containers.

Unit
Tires
Artificial Containers

Units Treated
66,981
3,521

Objects that hold water and cannot be easily emptied include horse troughs, rain barrels, old cars,
tires, etc. These habitats are utilized by a number of container breeding mosquitoes including
Aedes japonicas, the tree hole mosquito (Aedes triseriatus), Culex pipiens and Cx. restuans, the
latter two which are vectors of West Nile virus (Appendix E). Abate®, Bti, Mosquiron or
Mosquito Larviciding Oil are commonly applied depending upon the sensitivity of the site and
the stages of mosquitoes present (Appendix C). Tires are also of significant concern as they are
often the means by which the troublesome Aedes albopictus is moved and introduced into an
area. Treatments of these habitats to control mosquito larvae were consistent with previous
seasons (Table 4).
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Table 5. 2019 treatment of catch basins.

Catch Basins

2019 Treatments
43,634

2018 Treatments
40,726

2017 Treatments
42,870

The West Nile virus vector species Culex pipiens and Cx. restuans frequently utilize catch basins
for larval habitat development. Though these species are not a significant human nuisance, the
control of them in catch basins is important for reduction of disease risk. Usually three
treatments are made each season to the over 13,000 county catch basins. This was done again in
2019, consistent with previous season’s activity. The treatment material usually applied is
Bacillus sphaericus (BS) during the first seasonal treatment in June, which is typically more
heavily infested with Cx. restuans. During the latter two treatments, Altosid (methoprene) is
used and involve primarily Cx. pipiens larvae. However, poor control results were observed
among some City of Midland catch basins when using BS in 2019. This was also observed a
number of years ago and may indicate insecticide resistance to the BS toxin in the mosquito
population. Due to this concern, plans for 2020 involve use of methoprene during all three catch
basin treatments.

Adult Mosquito Control & Surveillance
Truck & Handheld fogging
Cool temperatures in May delayed the split to day and night shift to 20 May verses the normal
date of 15 May. Progress was slow with nighttime fogging early on in May due to temperatures
falling in the evening to below 58 degrees Fahrenheit, which is the temperature below which
mosquito blood feeding activity largely diminishes. Despite some of the rainfall events that
occurred through the summer, the populations of various floodwater mosquitoes including Aedes
vexans, showed an overall diminishing pattern through the summer. This season was unique in
that trapping results indicated higher Aedes canadensis populations than Ae. vexans. Products
with the active ingredient permethrin (Evoluer® 4-4 and Kontrol® 4-4) were again utilized for
adult mosquito control.
Again in 2019, the practice of setting the output of the trucks higher for a speed of 15 MPH was
done during the first two passes through the out-county routes and driveways/trails were not
treated. This allowed faster progress through the county at the height of the spring mosquito
impact. When these two passes were completed, the fogger output was reduced and trucks were
run at the normal speed of 10 MPH and driveways were included. Trails were not done until the
latter part of June to give time for these areas to dry and reduce the chances of a stuck vehicle.
Due to the diminishing adult mosquito burden as the summer progressed, it was not necessary to
carry out fogging routes as regularly as would have been needed if mosquito numbers were
higher. Therefore, the overall mileage/acres treated in 2019 was below the 2013-2019 average
(Table 6).
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Handheld thermal fogging is a practice used primarily to control adult mosquitoes in smaller
woodlots near populated areas. The amount of thermal fogging done each season is variable, and
due to the lower numbers of mosquitoes, the practice was utilized below the average rate in 2019
(Table 6).
The John Deer Gator is used for fogging woodlots with sufficient trails to support movement
with this vehicle. A total of 1,041 acres of habitat were treated with a fogging unit mounted on
the vehicle (Table 6).
A change was incorporated in the practice of adding long driveways to the fog routes in 2019.
Any requests sent to MCMC by residents after May 1st were considered for inclusion in the next
season’s fog route. This was done to reduce the need to modify the route during the current
season and is expected to be the practice going forward.
Table 6. Total amount of various mosquito adulticiding treatments applied in 2019

Fogging Technique
Truck-mounted fogging
Gator-mounted fogging
Handheld thermal fogging
Grand Total

Total Miles Treated
13,044
29
0.5
13,073*

Total Acres Treated
473,723
1041
18
474,782

* 2013-2019 average miles treated = 19,338

New Jersey Light Trap Surveillance
Midland County runs five New Jersey Light traps to monitor the adult mosquito populations.
Some of the locations have decades of data giving useful information on current adult
populations and comparisons from season to season. Traps were operated seven days a week and
evening/morning turn on/off controlled with an electronic light sensor so that the trap only ran
during periods of low light.

Figure 12. Seasonal distribution of species caught in New Jersey sight traps, 2019.
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The captures of spring, summer, Coquillettidea perturbans and Culex spp. mosquitoes peaked in
late June of 2019 (Fig. 12). It is an unusual occurrence to have all four of these main mosquito
groups peak during the same period. The only exception was Anopheles spp., which peaked
around mid-July, and is earlier than most seasons. These patterns are attributed to rainfall
patterns and placement of NJ light traps primarily in the eastern portion of the county, a distance
away from the most significant 2019 rainfall events.
The overall capture of adult mosquitoes during 2019 was low. One of the most notable
observations was the low number of the summer floodwater species Ae vexans. This trend of
low numbers of summer floodwater was also observed among CDC collections. Captures of Cq.
perturbans and Culex spp were consistent with previous seasons. These species emerge largely
from permanent water sites and so are not as dependent on seasonal rainfall patterns.
It is interesting to note that there are two peaks of spring floodwater species and they were
present for a significant portion of the season. This trend is also seen in the CDC collections
regarding when the peaks occurred and how long the populations were captured. Aedes
canadensis made up the vast majority of the spring floodwater mosquitoes captured.

CDC Light Trap Surveillance
The CDC trap collections also reveal a peak of adult mosquitoes that faded as the season
progressed (Fig. 13). The CDC are not consistent in their location and can generally catch larger
numbers of mosquitoes that the NJLT. It is important to note that most of the spring floodwater
species caught were Ae. canadensis. There were instances where collections of mosquitoes were
captured with well over 90% of the specimens consisted Ae. canadensis. The relatively large
numbers Ae. canadensis occurred throughout the season in much of the county. The red line in
Figure 13 consists of Aedes vexans and other summer floodwater species. The relatively low
number compared to the spring species (Ae. canadensis) is notable.
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.
Figure 13.. Seasonal distribution of female mosquitoes captured in CDC light traps in 2019
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Table 7. CDC light trap captures of various mosquito groups during 2019.

Landing Counts
Landing counts were collected in
most cases during the evening
shift, often just before truckmounted fogging, which was
around 30 minutes prior to sunset.
Other landing counts were done at
variable times throughout the day
and are not separated in Figure
13.
The observations from landing
rates closely mirror the
populations of mosquitoes
indicated from trapping data.
Especially the trend of higher
numbers of Ae. canadensis.

Figure 14. Minute landing rate and capture locations from
mosquito landing counts in 2019.
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In the concern of safety, technicians are instructed to cut short or provide a best guess estimate
on the number of mosquitoes if they are quite abundant. If the disease threat becomes significant
(e.g. West Nile virus, Eastern Equine Encephalitis), MCMC will suspend landing counts until the
risk has subsided. The counts do show a great amount of variability based on the skill and
mosquito attraction of each individuals. Landing counts provide important data on the mosquito
impact to county residents both spatially and seasonally.
.

Figure 15. Landing rates throughout the 2019 season.

Resistance Testing
Working with the Midwest Center of Excellence, Midland County sent six batches of either egg
rafts or larvae to be tested for resistance to our main adulticiding material permethrin. The
mosquitoes were reared to adults and tested at Michigan State using the bottle bioassay method.
The species tested were the WNV vector Cx pipiens and Cx restuans mosquitoes. There was no
evidence of resistance in any of these samples.
Trouble calls

Figure 16 graphs county resident calls to MCMC regarding high numbers of adult mosquitoes.
The calls peaked in middle May and again in late June – Early July and tapered off towards the
latter part of the summer. This pattern is typical for a season with the majority of the calls
generated from spring species mosquitoes that emerge in May. These data are consistent with
the landing rates graph in Figure 15.
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Figure 16. Number of 2019 trouble calls among Midland County residents for high number of mosquitoes.

Disease Surveillance & Control
West Nile Virus Testing of Dead Birds
Every year Midland County requests that citizens report dead birds to our office if observed. If
they meet the criteria (corvid and dead less than 24 hours), MCMC retrieves the specimen and
analyzes in the lab with the VectTOR® test system. This will provide quick results regarding
presence of WNV in the bird. Corvids are tested (crows and blue jays) because they will often
die of WNV infection, unlike other birds and this practice is not based on their relative
importance as WNV hosts in the disease transmission cycle. Below is a map of the reported
birds and results of tests if performed. Only ten birds were reported this year and two tested
positive for the virus, which is a low number compared with previous seasons. Enhanced
fogging and surveillance were carried out in the vicinity of the WNV positive birds

19

.

Figure 17. 2019 map of birds reported, tested and positive for West Nile virus.

Mosquito Collection and WNV Testing
In order to improve and increase our WNV surveillance this year, MCMC conducted a multiday
collection system. Using a newer version of the Reiter Gravid trap, a trap was set during the
Monday light trap run. By running two batteries simultaneously, there was sufficient power to
run the trap for multiple nights. On Wednesday and Friday traps were either picked up or moved
it to a new location. This approach saved all the extra labor of a night shift member setting the
trap for an evening to be picked up the next day. This resulted in more collections, more trap
nights collecting with significantly less travel and labor.
Another significant change in 2019 was the utilization of the MSU lab (get appropriate name) for
testing mosquito pools rather than use of the VecTOR® test. There is compelling evidence that
the Vector test was missing positive mosquitoes if there is but small amounts of virus in the
sample. After factoring the cost and time to do the testing in house, coupled with the risk of
missing important information, the decision was made to send the samples to MSU for testing.
This has be benefit of more accurate results for mosquitoes with the drawback of increasing time
the data are reported to MCMC. However testing of birds is still done in-house so that
immediate results are available. Furthermore, more virus is usually obtained from oral swabs of
birds than in mosquito pools, therefore there less of a chance for a false negative result as
compared with mosquito testing. A total of 61 mosquito pools were submitted and two tested
positive for WNV.
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Figure 18. 2019 mosquito pools tested for West Nile virus by Michigan State University.

The overall risk in Michigan and Midland County for West Nile virus seemed low in 2019 by all
measures.
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Figure 19. Human cases of West Nile virus in Michigan during 2019

Eastern Equine Encephalitis
Michigan and other parts of the county had an exceptionally high level of Eastern Equine
Encephalitis (EEE) cases near the end of the 2019 season. There was a great deal of media
coverage and citizen concern in the areas in and around the outbreaks. Ten cases of EEE were
confirmed in Michigan and tragically, five of those resulted in death.
The main vector of EEE, Culiseta melanura, is very rare in Midland County if even at all
present. However, MCMC must remain vigilant staying abreast of the latest data and findings
concerning this serious arbovirus and the occurrence of potential mosquito vector species.
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Figure 20. 2019 human cases of Eastern Equine Encephalitis in Michigan.

Jamestown Canyon Virus Surveillance
During 2019 MCMC participated in surveillance for Jamestown Canyon virus. Data from
Wisconsin suggest that Jamestown is becoming more prevalent or possible more virulent.
Therefore, there has been an increased effort in Michigan to ascertain the extent of the virus in
this state.
Mosquitoes were collected with CDC or New Jersey light traps and were placed into a total of
194 mosquito pools from the genera Aedes, Psorophora and Anopheles. The 194 pools consisted
of 4,156 total mosquitoes submitted. Of these, 3,315 (80%) were Ae. canadensis, which has
been identified as a significant vector.
As of the writing of this report, testing is still in process and not available to report.
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Figure 21. Number and time of mosquitoes captured that were
submitted for Jamestown Canyon virus testing during 2019.

Figure 22. Total number of mosquitoes captured that were
submitted to MSU for Jamestown Canyon virus testing during
2019.

Figure 23. Location of where mosquitoes
were sampled for submission to MSU for
Jamestown Canyon virus testing during
2019.
24

Insecticide Resistance Testing
Working with the Midwest Center of Excellence, Midland County sent six batches of mosquito
egg rafts or larvae to be tested for resistance to the main adulticiding active ingredient,
permethrin. The mosquitoes were reared to adults and tested at Michigan State using the bottle
bioassay method. The species tested were the WNV vector Cx pipiens and Cx restuans. There
was no evidence of resistance in any of these samples tested.

Public Outreach & Relations
Each year, Midland County Mosquito Control (MCMC) conducts a community outreach program
to inform and educate county residents on mosquito control operations conducted in the county.
This integrated approach to notification and education also affords residents opportunities to learn
about various aspects of mosquito control for the homeowner, arthropod-borne diseases and insect
biology. Scheduled components of the outreach program that take place include direct notification
of residents, press releases, newsletters, videos, Facebook posts, newspaper advertisements, public
presentations, a telephone hotline, and communication through county officials such as township
boards. Additionally, two policy documents were developed on the topic of spring treat and ULV
fogging for private and public events. These documents serve to better solidify the approach for
these operations and help the public better understand our approach and rationale.
2019 MCMC Media Coverage
29 Mar – Mosquito Control to host tire drive for scrap tires in Midland County, Midland Daily News
https://www.ourmidland.com/news/article/Mosquito-Control-to-host-tire-drive-for-scrap-13725561.php
02 Aug – West Nile virus found in Midland County bird, Midland Daily News
https://www.ourmidland.com/news/article/West-Nile-virus-found-in-Midland-County-bird-14273777.php
25 Sep – Counties with EEE debate aerial spraying for mosquitoes, Wood TV 8, Grand Rapids, Holland, Kalamazoo
https://www.woodtv.com/news/kzoo-and-bc/counties-with-eee-debate-aerial-mosquito-spraying/

Midland County Mosquito Control (MCMC) carried out two tire drives, one in May and a second
in September. A total of 1,874 tires were collected between the two events. CM Rubber partnered
with MCMC to transport and process collected tires. These drives are important for both public
relations as well as reduction of mosquito breeding habitat.
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Appendix A
2019 Insecticide usage

Insecticide Name

Active Ingredient

EPA Registration

units

2019 Start
Inventory

2019 End
Inventory

2019
Used
Actual

5% Abate

temephos

8329-15

lbs

132

107

25

Altosid P35

methoprene

89459-95

lbs

880

0

880

Altosid WSP

methoprene

2724-448

packet

3200

100

3100

Altosid XR

methoprene

2724-421

briquette

1285

348

937

Duplex G

methoprene

65733-16-6

Lbs

320

46

274

Bti(g) (VectoBac G)

Bacillus thuringiensis isralensis

73049-10

lbs

118210

2155

116055

Bti(l) (Vectobac 12AS)

Bacillus thuringiensis isralensis

73049-38

gal

4529

157

4372

Bs(g) (Sphaeratex)

Bacillus sphaericus

84268-2

lbs

680

295

385

Bs(WSP) (Vectolex)

Bacillus sphaericus

73049-20

packet

1600

545

1055

Natular G30

spinosad

8329-83

lbs

169

27

142

Mosquiron

Novaluron

66222-231-89382

lbs

15

8

7

MLO (Sunspray, BVA)

mineral oil

86330-11,

gal

5156

1565

3591

Evoluer 4-4, Kontrol 4-4

permethrin

769-982, 73748-4

gal

4128

1500

2628

Duplex G

methoprene

65733-16-6

Lbs

320

46

274
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Appendix B
2019 rain & temperatures
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Appendix C
Description of Control Materials
Biological Larvicides
VectoBac ® G, Valent Biosciences - VectoBac® utilizes a bacterium, Bacillus thuringiensis
subspecies israelensis (Bti) strain BMP 144, which produces toxins that are effective against a
small range of fly larvae including mosquitoes. Benefits of Bti include its selectivity; therefore, it
has little to no impact on non-target organisms and its production of five toxins results in little
risk of insecticide resistance development. VectoBac® G is a granular formulation used primarily
for aerial treatment of spring floodwater mosquitoes.
VectoBac® 12AS, Valent Biosciences – VectoBac® 12AS is Bti product which is formulated as a
water-based liquid. This product is used in the aerial program and applied by foot crews to
control spring floodwater mosquitoes.
Spheratax® SPH, Adapco Innovative Mosquito Services – Spheratax® uses another bacterium,
Bacillus sphaericus, a naturally occurring soil bacterium that produces a toxin effective on
mosquito larvae. It has many of the same characteristics of Bti with regard to its selectivity,
safety to mammals and other non-target organisms and effectiveness. But unlike Bti, B.
sphaericus produces a single toxin and resistance has been observed. Spheratax is a granular
formulation used by MCMC in catch basins for control of species in the genus Culex, which
include important West Nile virus vectors. Bacillus sphaericus is more effective than Bti for use
in environments with abundant organic matter, such as catch basins.
Vectolex® WSP, Valent Biosciences – Vectolex WSP is another Bacillus sphaericus product
formulated in a water-soluble packet. MCMC utilizes this product for catch basin treatment with
bicycles.
Altosid® PG, Altosid WSP, Altosid XR briquets, Central Life Sciences – The Altosid® active
ingredient is the insect growth inhibitor methoprene, a hormone mimic that prevents mosquito
larvae from developing to adults. Altosid ® is used for larval control in catch basins for species in
the genus Culex, which include important West Nile virus vectors.
DuplexTM – G, - Zoecon – DuplexTM – G has an active ingredient of methoprene and Bti. The
product releases Bti when first wet to provide initial knockdown of mosquito larvae. The
methoprene is released over a period of days/weeks following. The product label claims up to 28
days of control. MCMC purchased this product to test in high priority spring woodlot pools
during the spring footcrew larviciding program. The ideas was to apply this material and avoid
having to retreat those areas when subsequent spring rains occur and expand flooded areas.
Mosquiron® 0.12P, Makhteshim Chemical Works Ltd. – Mosquiron® contains the active
ingredient novaluron, which functions as an insect growth regulator that targets chitin synthesis
in arthropods. Mosquiron® is utilized in tires and other artificial containers.
NatularTM G30, Clarke Mosquito Control – Natular G30 has the active ingredients Spinosyn A and
Spinosyn D, which was isolated from a bacterium and targets acetylcholine and GABA
neurotransmission in insects. It is formulated for pretreatment of areas that flood periodically.
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Larvicidal/Pupicidal Oils
BVA2 Oil, BVA Oils – BVA oil is a mineral oil used to control mosquito larval and pupal stages. Oil
of this type is the only control option for mosquito pupae, due to their lack of active feeding,
which is the route of exposure for the other larvicides. The oil creates a thin layer on the water
surface, which blocks air exposure to the aquatic mosquito stages. The oil breaks down shortly
after applied and has no measurable effect non-target organisms. MCMC uses BVA oil in flooded
fields, roadside ditches, and flooded woodlots where the development of the mosquitoes has
progressed to the pupal stage.
Sunspray® MLO, Holly Frontier® Lubricants and Specialty Products – Sunspray® oil is another
mineral oil used for mosquito larval and pupal control as above.

Chemical Larvicides
Abate® 5% PG, Clarke Mosquito Control – Abate® 5% PG is a granular formulation of temephos,
used for treatment of tires and other artificial containers.

Chemical Adulticides
Evoluer 4-4®, AllProVector Group – Evoluer 4-4® is a permethrin liquid formulation used for adult
mosquitoes with the ultra low volume (ULV) spray technique. ULV technology utilizes small
amounts of product (approximately 1 oz. per acre) and mechanically breaks down the liquid to
super fine droplets (approx. 20 microns). This technique treats a volume of air with a fine mist
fog, breaks down readily and leaves little to no measurable residue or residual. Permethrin is a
synthetic derivative of pyrethrum, the natural neurotoxic insecticide of chrysanthemums.
Kontrol 4-4®, Univar Environmental Sciences - Kontrol 4-4® is another permethrin ULV product for
mosquito a. See above for details of use.

30

Appendix D
Principal Mosquito Larvae Habitats
Tires and other Artificial Containers
Objects that hold water and cannot be easily emptied include horse troughs,
rain barrels, old cars, boats, tires, etc. Mosquitoes that tend to utilize tree
holes as well as Culex spp. can commonly be found in tires/artificial
containers. Abate®, Bti, Mosquiron or Mosquito Larviciding Oil are
commonly applied depending upon the sensitivity of the site and the stages
of mosquitoes present.

Roadside and Small Ditches
Many roadways have an accompanying ditch that can collect standing water
following rains. These locations are accessed by trucks and treated with Bti
using an electric spray system. Ditches that are not easily accessible by truck
are noted as small ditches. Examples of small ditches are ditches along
driveways and/or property boundaries. Small ditches are treated by foot
crews with Bti liquid, mosquito larviciding oil, or pretreated prior to flooding
with Natular.

Seepage Runoff
These organic sites commonly result from improper leach field function or
by a county resident draining their sump pump’s water into an open ditch.
Larvae are controlled in these sites using Bacillus sphaericus or Mosquito
Larviciding Oil.

Flooded Fields
Flooded fields are low, grassy areas with temporary water, usually 2-3 inches
deep. Flooded fields produce Ae. vexans known for their vicious biting
habits and long flight range. Bti, or Mosquito Larviciding Oil is to be used to
treat flooded fields depending on the stages of mosquitoes present.
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Woodland Pools
This habitat forms among wooded depressions, often with the melting
of winter snow and/or spring rains. Woodland pools are the primary
source of a number of spring floodwater species, which hatch in
March from eggs already present in the leaf litter. These larvae
develop slowly because of low water temperatures, and emerge as
adults in May, before the pools dry up for the season. The female
spring floodwater mosquitoes can be very long-lived, and may bite
several times. They lay eggs in the woods where they will be flooded the following year.
Common spring floodwater species include: Aedes stimulans, Aedes excrucians, Aedes
provocans, and Aedes canadensis.

Cattail Marshes
Throughout Midland County there are low areas where the primary
emergent vegetation is sedge grasses and cattails. Usually, these sites will
become wet sooner and retain water longer than flooded grasslands. These
large, permanent sites may produce Cq. perturbans from areas with
permanently flooded cattails. This is one of the most difficult species to
control, as conventional larviciding techniques are ineffective against it.
Larvae attach to roots of aquatic plants where they are well protected from
pesticides. Control measures, therefore, are directed against the adults.
Cattail marshes can produce Ae. vexans and Ae. dorsalis. Bti or Mosquito
Larviciding Oil is to be used to treat cattail marshes depending on the stages of mosquitoes present.
These sites are increasingly infested with the invasive wetland grass Phragmites. Phragmites out
competes cattails and grows very dense making foot crew treatment of marshes much more difficult.

Swamps and "Huckleberry Marshes"
In certain locations in Midland County there are low-lying areas that remain
wet throughout the summer. Marshes and swamps mainly breed
permanent water Anopheles spp. after the spring Aedes spp. but also breed
other types of mosquitoes generally controlled by natural predator/prey
relationships. These mosquitoes normally do not present a major problem,
but if treatment is warranted, Bti is the only control material used in these
sensitive sites.

Sewage Lagoons
Lagoons are often used for the treatment of waste-water especially in
highly populated areas that are not connected to city sewage treatment
plants, such as trailer parks. Highly organic in nature, these sites produce
primarily Culex pipiens and Culex restuans mosquitoes, which are important
West Nile virus vectors. In Midland County there are 5 sites that
periodically receive larviciding treatment. Sewage lagoons are treated with
Mosquito Larviciding Oil.
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Ponds / Retention Ponds
Ponds are permanent pools with open water and sufficient wave action
that limits the site’s ability to produce mosquitoes. Smaller ponds with
vegetation that provides harborage for mosquitoes are cataloged as
retention ponds and checked throughout the season. Both ponds and
retention ponds are extremely sensitive, as they may contain fish, and are
only treated with Bti (liquid or granular) even if pupae are detected.

Catch Basins
Catch basins help with rain drainage by receiving runoff. Though often tied
to a greater drainage system, water accumulates and becomes stagnant
within the basin, particularly between major rain events. Furthermore,
organic debris such as grass and leaves often accumulate with runoff
making an organically rich environment. This in an ideal habitat for several
mosquito species such as Culex spp. Urban drainage systems and catch
basins are attributed to a significant source of West Nile virus vectors.
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Appendix E
Common Mosquito Species in Midland County, Michigan
Habitat

Species

Diseases
vectored

Aedes canadensis
Aedes communis
Aedes excrucians
Aedes intrudens
Aedes provocans
Aedes sticticus
Aedes stimulans

WNV, EEE, DHW

Aedes cinereus
Aedes trivittatus
Aedes vexans
Psorophora ciliata
Psorophora ferox

WNV, DHW
WNV, DHW
WNV, DHW

Aedes triseriatus
Aedes japonicas
Culex pipiens
Culex restuans

LAC, WNV, DHW
WNV
WNV, SLE, DHW
WNV, DHW

Anopheles
quadrimaculatus
Anopheles punctipennis
Anopheles walkeri
Coquillettidia perturbans
Culex pipiens
Culex restuans
Culex territans
Uranotaenia sapphirina

WNV, DHW
WNV, DHW
WNV, DHW
EEE, DHW
WNV, SLE, DHW
WNV, SLE, DHW
WNV, DHW

Spring floodwater

DHW
WNV
WNV, DHW
WNV, DHW

Summer floodwater

DHW

Container/tree hole

Permanent &
semi-permanent water

EEE – Eastern Equine encephalitis, LAC - La Crosse encephalitis, SLE – St. Louis encephalitis, WNV –
West Nile virus, DHW – Dog heartworm
Disease vector references:
1. CDC https://www.cdc.gov./
2. Walter Reed Biosystematics Unit http://wrbu.si.edu/
3. Ludlam, K.W., Jachowski, L.A., Otto, G.F. 1970. Potential vectors of Dirofilaria immitis. Journal
of the American Veterinary Medical Association. 157: 1354-1359.
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Appendix F
Integrated Mosquito Management
Midland County Mosquito control utilizes Integrated Mosquito Management (IMM) strategy to mosquito
control. IMM is a technique based on a thorough knowledge of the mosquito species and disease
potential of the operating area. Mosquito control options such as source reduction, biological control and
chemical control are evaluated and utilized. Specific goals of IMM, as listed in the Best Management
Practices for Integrated Mosquito Management include:

1. Protect human, animal and environmental health.
2. Promote a rational use of pesticides.
3. Reduce environmental contamination to soil, ground water, surface water,
pollinators, wildlife and endangered species as a result of mosquito control
activities.
4. Utilize biological controls (native, noninvasive predators) to conserve and augment
other control methods.
5. Utilize source reduction (elimination, removal or reduction of larval mosquito
habitats) where practical and prudent.
6. Use target specific pesticides at the lowest effective rates to the extent possible.
7. Emphasize the proper timing of applications.
8. Minimize pesticide resistance problems.
Components of IMM include the following as outlined in Best Management Practices for Integrated
Mosquito Management:

1. Surveillance. Surveillance of both mosquito populations and disease is the
foundation of IMM and MCMC’s approach to mosquito control. Mosquito
larvae/pupae and adult life stages are monitored with control decisions formed on
these data. Disease surveillance comes from MCMC efforts of laboratory testing of
adult mosquitoes, dead birds reported to MCMC. External sources for disease
information include MSU, MDCH, CDC, USGS, Pro-Med and other agencies to
develop up-to-date estimates of mosquito-borne disease risk.
2. Mapping. Mapping of mosquito development habitats is important for predicting
and anticipating needed surveillance and control measures. Knowledge of the
particular habitat that mosquito species utilize is a vital part of mapping. Tracking of
rainfall and other meteorological parameters in the county combined with
knowledge of larvae habitats help to target surveillance and control efforts and
options.
3. Action Thresholds. Thresholds establish a trigger for control action and help to
direct resources where they are most needed. Examples of action thresholds
utilized by MCMC are one larvae per dip, 5-25 adult mosquitoes in a light trap and
more than one mosquito per 5 min. during human landing counts.
4. Physical Control & Source Reduction. Removal and elimination of larval habitats is
an effective and permanent control option. Depending on the mosquito species,
however, it may not be practical. Small containers are the best example of this
technique and the purpose of MCMC’s tire drives. Technicians will often turn over
small containers in the course of surveillance and control operations to minimize
habitat sources. Public education is important in this effort as we encourage county
35

5.

6.

7.

8.

9.

residents to be vigilant to identify and eliminate larval habitats present on their
property.
Biological Control. Examples of biological control (BC) include use of mosquito
feeding fish, Gambusia affinis. Several aquatic organisms often utilize mosquito
larvae as food and therefore there is a lot of naturally occurring BC without the
intentional introduction of BC agents. The product used most abundantly by MCMC
for larvae control, Bacillus thuringiensis subspecies israelensis (Bti), which produces
toxins that are effective against a small range of fly larvae including mosquitoes is a
BC effort.
Public Health Mosquitocides. Chemical control of mosquitoes is a vital component
of a control program. Mosquito insecticides can be classified by the life stage
target, e.g. larvicides, pupicides and adulticides; or the type of agent, e.g. biological
larvicides, chemical larvicides, surface oil larvicides/pupicides, chemical adulticides.
Care is taken to use mosquitocides in compliance with label restrictions.
Furthermore, spray equipment is calibrated and tested to ensure that optimal
application parameters are maintained.
Monitoring for Efficacy/Resistance. Measuring the impact of control efforts is
important in evaluating the program’s efficacy and for ongoing program direction.
Also, with the use of mosquitocides comes the potential of creating insecticide
resistance among the target population. If resistance is found, a number of
insecticide resistance management techniques can be utilized to retain
susceptibility.
Education and Community Outreach. MCMC utilizes a number of communication
techniques to educate and communicate with the public. Specific outreach efforts
include periodic press releases, the Midland County Mosquito Control website,
Facebook pages, public presentations to schools and civic groups and attendance of
Midland County township meetings. These venues provide MCMC the opportunity
to keep the public informed of our operations
Record Keeping. Various regulations require MCMC to maintain records of control
activities. Record keeping also allows evaluation of control efforts and context for
program maintenance and refinement. Examples of data maintained include
operator name and certification/registration number, the products utilized and EPA
registration number, the total area treated, date and time.

For more information:
US Environmental Protection Agency Integrated Pest Management: http://www.epa.gov/managing-pestsschools/introduction-integrated-pest-management
American Mosquito Control Association Integrated Mosquito Management:
https://www.researchgate.net/publication/315924484_Best_Practices_for_Integrated_Mosquito_Manag
ement_A_Focused_Update
Radcliffe’s World IPM Textbook: http://ipmworld.umn.edu/
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