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On March 23rd as part of the state COVID-19 lockdown, Mosquito Control personnel
worked from home. Due to the essential nature of Mosquito Control (due to public health
component of mission), the staff returned to the office on April 6th, which was before the
lockdown order was stayed.
Due to the lockdown, the seasonal crew was delayed from a start date of 1 April and
began work on 13 April.
MCMC department was only half staffed until June 4th with field personnel due to the
inability to hire and obtain certified/registered pesticide applicator status through the
Michigan Department of Agriculture and Rural Development (MDARD) because of
COVID-19 restrictions.
A number of precautions and modified work practices were implemented this season. All
staff were limited to one per vehicle. Masks were worn while at the facility when closer
than 6 feet. The training room was not utilized. All personnel musters and
announcements were provided in the open vehicle bay. Assignments to field treatment
sites were largely done individually to aid social distancing. Trucks and equipment were
disinfected at the end of each shift.
The 2020 spring aerial larviciding program was provided by Agriflite for the first time in
Midland County. The program was conducted on April 15-19 and a total of 58,000 acres
were treated.
Cool temperatures occurred during much of the spring aerial program. This seemed to
delay the effect of Bti.
Total calculated acreage for spring foot crew totaled 1,800 acres. A good
accomplishment by the crew given the shortfall of personnel.
Heavy rains during 14-19 May caused the failure of the Edenville and Sanford dams in
Midland County. Thousands of acres of flooded habitat was created from the rains and
dam release.
Due to extent of flooded habitat, the low staff numbers due to COVID and decreased
mobility due to road and bridge closures, an emergency aerial spray was arranged
through Clarke Mosquito Control that involved two treatments of 120,000 acres of the
county. This was the first ever aerial operation to control adult mosquitoes in the County.
The highest count of mosquitoes from CDC traps was observed in 2020 and Aedes
canadensis accounted for 90% of those captured following the flood. Ae. vexans was not
found in the high numbers observed after the June 23rd 2017 flood.
Following the May floods, a number of weeks of dry weather occurred. Mosquito
populations reduced significantly into July as a result. No significant spikes of Ae.
vexans were observed during the season.
Shortly after the May flood, the state came up with a solution for registration of new
hires. On June 4th, four of the original eight new employees were brought onboard. Tests
were administered on site by MCMC supervisory staff and results were submitted to
MDARD.
Two BG Counter devices were utilized with CDC light traps during 2020. Data from one
was 83% accurate and only 40% for the other. The more accurate trap captured
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approximately 90% Ae. canadensis. The majority of the activity occurred from 8:30 PM
- 12:00 AM.
Again in 2020, an elevated number of cases of Eastern Equine Encephalitis occurred in
Michigan. Fewer overall cases occurred in 2020 compared with 2019, with only three
human cases and 41 animal cases. Of note however, horse cases occurred in more
northern counties, including Isabella, Gladwin and Clare counties, which border Midland
County.
Despite the warm and dry conditions through the summer, the West Nile virus activity as
measured by WNV positive birds and mosquitoes and overall low number of human and
horse cases in the state, did not indicate a high level of virus activity in 2020. This was a
most welcome observation.
Bucket traps by Catchmaster® were set at CM Rubber in 2020 as a way to survey for
Aedes aegypti or Ae. albopictus introduction. Only a few mosquitoes were sampled and
neither of these two species were observed.
Two biology technicians were employed in the Biology section this season. This was a
tremendous help to MCMC that allowed timely trap identification and efficient
management of Biology duties. All of MCMC benefitted from this added capability.
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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 0.40 mills, which was
last approved in 2020.
Mosquito Control consists of six full-time (Director, Operations Planner, Biologist, Office Manager & 2
Foremen) and 24 seasonal personnel (Mechanic, Clerk, 2 Biology Technician & 20 Field Technicians)
(Figure 1).
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Figure 1. 2020 MCMC personnel and organizational chart

The two Foreman (Brett Ireland & Jessica Fetterman) began full time employment on 18 February. The
Mechanic (Dave Taylor) returned on 9 March. Efforts began with the hiring process for twenty Field
Technicians, Clerk, and two Biology Technicians.
On March 23rd as part of the COVID-19 state lock down, Mosquito Control personnel worked from home.
Due to the essential nature of Mosquito Control (due to public health component of mission), the staff
returned to the office on April 6th, which is before the lockdown order was stayed. The seasonal crew was
delayed from a start date of 1 April and began work on 13 April and consisted only of returning
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technicians. The state was not offering testing for certification/registration, therefore, no new hires
could be brought on as there was not a means to get them qualified as registered applicators.
A number of precautions and modified work practices were implemented this season. All staff were
limited to one per vehicle. Masks were worn while at the facility when closer than 6 feet. The training
room was not utilized. All personnel musters and announcements were provided in the open vehicle bay.
Assignments to field treatment sites were largely done individually to aid social distancing. Trucks and
equipment was daily disinfected at the end of each shift. The MCMC facility was closed to the public
from March until 8 June.
Towards the end of May, MDARD offered a solution for testing of new hires. MCMC was allowed to inhouse test individuals with a test provided by the state agency. Four new individuals were brought on and
tested on Thursday, 4 June. On Saturday, June 6th, the newly-hired employees were trained in MCMC
specific operations. Only four of the originally-selected eight hires were brought onboard as a number of
the group had found other employment or were no longer interested in the job due to the eight week delay
in the time they would have started in early April to June. Saturday was selected so that the supervisory
staff would not have to be pulled from the field to train as would have otherwise happened if done during
the weekdays.
The Operations Supervisor (OS) position was re-designated as the Operations Planner in 2019. This
position remained unfilled through the 2020 season. It is anticipated that hiring will occur for it before
the 2021 season.
MCMC again in 2020 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. Two individuals were approved and hired in 2020.
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
1
15th
st

September
1st
15th

Spring Season
Woodlot (Bti)
Woodlots (MLO)

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

Table 1 outlines a generalized seasonal operations schedule. Seasonal field technicians, biology
technicians and clerk are brought on in early April (the 2020 season was an exception as noted
above). 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
4

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 of the season field work is largely driven by rain events
that are sufficient to create standing water that prompt the hatch of summer floodwater Aedes
species. Summer mosquitoes such as Aedes vexans are controlled in ditches, flooded fields, and
other sites 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. Containers such as
discarded tires and other containers that hold rainwater are treated. 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.
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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 60,000 acres of woodlot areas in the
county.

Aerial Larviciding Program
A new aerial contractor was used in 2020. After
nearly three decades with Hatfield Spraying Inc., the
aerial contract went up for bid and ultimately, Agiflite
Services Inc. was selected. Initially, Vaughn’s
spraying Service was the awardee. But this bidder
had to retract their offer due to legal action brought
against them by Hatfield Spraying Inc. The second
choice among the bidders was Agriflite and they were
awarded the contract.

The aerial program was initiated on April 15 and was
concluded on April 19, taking a total of 5 days to
complete. A total of 57,929 acres of spring flooded
woodlot habitat (Figure 2, Appendix D) were treated
consisting of 29,325 acres treated with liquid BTI
material and 28,603 with granular material.
Measured overall efficacy was 86% and 88% among
granular and liquid blocks, respectively (Tables 2-3).
Three planes equipped for liquid material treatment
and two for granular were dispatched. The operation
Figure 2. County map of 2020 spring aerial treatment.
went very well, with minimal delays and due to
technical issues. The crew and equipment were
professional and well maintained. MCMC will be entering into contract with this company again in 2021.
The temperatures during the aerial program were some of the coolest of any year (Figure 3, Appendix B).
This seemed to significantly extend the time needed to control larvae in treated woodlot pools. In some
cases 4-5 days was needed to provide maximum mortality in sampled sites.
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Table 2. Average control of
mosquito larvae from 42 test pools
in various treatment blocks (blue =
liquid, yellow = granule.

Figure 4. County map of 2020 spring aerial treatment.
Figure 3. County map of 2020 spring aerial treatment.

Table 3. Overall mosquito larval control from aerial
program 2017 - 2020.

Spring Foot Crew Larviciding
As described above, MCMC experienced significant personnel challenges in 2020 due to COVID-19.
The spring foot crew program was among the most affected programs. With half the typical crew, the
returning technicians were nevertheless able to treat 1,800 acres of the typical 3,000 acres of spring
woodlot habitat.
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MAY 2020 FLOOD, DAM FAILURE & AERIAL MOSQUITO
ADULTICIDE OPERATION
Several inches of rain (up to 4 inches in Midland County, up to 8 inches north of the County) fell
on Midland County and the greater region during 14-19 May, 2020. This resulted in the failure
of the Edenville and Sanford dams in Midland County. Water from both Wixom and Sanford
lakes was released in a matter of hours and rushed through the areas downstream causing over
$200 million in property damage. The Tittabawassee River crested to over 35 ft, which is the
highest level ever recorded.
This rain, which fell on already water-soaked ground created abundant flooded areas in the
County. Furthermore, the inundation of lake water released from the dams resulted in even more
flooding. A number of mosquito species utilize such flooded habitat to develop as larvae. The
eggs for these species are abundant, were deposited during previous seasons and remain viable to
hatch when flooded. Therefore, flooding events have the potential to result in tremendous
populations of mosquitoes in a matter of days to weeks following a flood event.
Additionally, many roads and bridges were destroyed/damaged due to the disaster and made
vehicle access to the most affected areas of the county a significant challenge (Figure 5). This
hampered Midland County Mosquito Control’s (MCMC) ability to address the problem.
The MCMC department was only half staffed in May with field personnel due to the inability to
hire and obtain certified/registered pesticide applicator status through the Michigan Department
of Agriculture and Rural Development (MDARD) because of COVID-19 restrictions. The
department had never before been so low staffed at this time of the season and at a time of such
need.
Furthermore, given that this event occurred in the midst of the COVID-19 pandemic, it was
unknown if there could be any serious outcomes experienced if one was infected with COVID19 and mosquito-transmitted viruses such as West Nile virus, Eastern Equine Encephalitis and
Jamestown Canyon virus.
Therefore, MCMC deemed that these circumstances warranted unprecedented measures to
control mosquitoes. Even if MCMC were fully staffed, the extent of mosquito habitat flooded
throughout the county far exceeded the department’s capacity to effectively treat. Therefore,
within days of the event MCMC began working towards approval to execute two aerial
applications to over 100,000 acres in the county.

Timeline of Events




14-19 May - Rainfall events
19 May - Flooding & dam failures
20 May – Governor Whitmer issued a state of emergency for Midland County.
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22 May – MCMC put into contact with Dow Director of State Government Affairs for
the purposes of helping to facilitate request.
22-24 May - Prepared a one-page proposal outlining need and requested action.
25 May - Proposal went to Michigan Governor. Formal request to Midland County
Board of Commissioners submitted for approval to carry out mission.
27 May - Received word that operation was approved by state.
27 May – Researched and began contacting potential aerial contractors.
o Interested in organic public relations support.
o Looking for on the ground biology support to run traps to augment MCMC.
o History and experience working in emergency response situations.
29 May - Prepared map of proposed treatment zones – 110,000 acres. Requested
proposals from two companies (Clarke & VDCI).
2 Jun - Midland County Finance Committee of BOC considered and approved request.
5 Jun - BOC approved aerial spray and allowed MCMC to negotiate and select a
contractor. Clarke Mosquito Control (Dynamic Aviation subcontractor) selected to
provide service.
6-12 Jun – Finalized treatment areas with Clarke – 120,000 final acreage (Figure 4).
16-18 Jun - First treatment
23-24 Jun - Second treatment

Steps Taken in Preparation
Given the unknown response of the public at the prospect of aerial adulticiding, the decision was
made to select an effective product that also had some positive points to highlight to anyone
skeptical of applying an adult mosquito control product. Therefore, Merus 3.0 was selected for
the operation. This product is the only organically labeled adult mosquito control product on the
market. It was used in Michigan in 2019 and 2020 for EEE outbreak mitigation sprays.
Two conference calls were arranged where MCMC relayed plans and progress of the upcoming
operation. Call attendees included pertinent representatives of MDARD, EGLE, DHHS and the
Michigan Emergency Operations Center.
The spring larviciding aerial program was the starting point for selecting areas to include in the
adulticiding operation. The rains flooded many of the woodland sites that are included in the
spring program and so would be a source of additional mosquito hatch. Additional areas to
include were selected by noting more wooded habitat in the county and observing the
concentration of homes in proximity to that habitat. None of the 17,000 acres of state-managed
forest was included in the treatment area. The finalized treatment areas totaled 120,390 acres
(Figure 4).
MCMC sent an email to the Mid-Michigan Mosquito Control Technical Advisory Committee on
1 June giving heads up on the proposed operation and asking for potential support if needed with
the public. Given the low concern expressed by the public, this option was not pursued.
Preparatory steps taken by aerial applicator:
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Provide a pesticide discharge management plan and Certificate of Coverage (NPDES)
submitted to EGLE
Ensure that all pilots are registered in MI as applicators. Reciprocity often covers from
other states
Company must have a pesticide applicator business license
Aircraft inspections must be done prior to operation

Public Relations
During 2019 a number of counties were treated aerially for mosquitoes during an Eastern Equine
Encephalitis outbreak. This did not include Midland County but was concentrated in the
southwestern region of the state. These areas did not have a dedicated mosquito control district
with the exception of a couple of small municipals that carried out limited mosquito control.
There was a lot of public concern at the prospect of aerial treatment. Furthermore, an emergency
was not declared so an opt-out provision was offered to any resident within a spray block. This
resulted in a number of individuals calling to ask to be excluded.
MCMC was unaware of how the public would respond to the aerial operation in Midland
County. It was not anticipated that there would be as much concern as observed during 2019.
But given the need for quick response, efforts to anticipate and head off concerns by the public
were a significant consideration during planning. A press release was issued on June 5th
following the approval for the operation by the Midland County Board of Commissioners.
Clarke Mosquito control provided a public relations expert who helped to draft the release.
MCMC was put into contact with the MDARD Director of Communications, Jennifer Holton,
who passed SOPs for arranging PR events such as a press conference. These were available
should a press conference or other such event be scheduled.
The decision was made when creating spray blocks to exclude all current no-spray properties that
were established in the county, including a 500 ft buffer around the property. The 500 ft buffer
is standard for this type of aerial operation to help ensure that drift does not occur from treatment
areas onto no-spray properties. Additionally, a four day period for any resident to opt out was
established. Only one individual contacted MCMC to request to be excluded. No concern for
the operation was observed among the public. The contrast with the 2019 response in
southwestern Michigan is likely due to the established program in Midland County and for the
decision to exclude no-sprays without the need to opt-out. Furthermore, an aerial larviciding
program is conducted each April over 58,000 acres in the county. It may be that several
residents did not realize that the adulticide operation was a different material and procedure than
the spring program.
MCMC contacted the Little Forks Conservancy (LFC), Dow Gardens/Whiting Forest and
Chippewa Nature Center to ask if they wished to be excluded from treatment. LFC was
agreeable to treatment of their land given that a 500 ft buffer was already set on both sides of
rivers. Chippewa Nature Center wanted most of the property excluded but was agreeable with
areas near residents being treated so as not to negatively affect their neighbors. Dow Gardens
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and Whiting Forest approved treatment of their property. Selection of Merus likely helped with
these organizations decisions to be included in treatment.
Laura McGowan was a PR consultant that worked with Clarke. She assisted with preparation of
the press releases and alerts and was on site during the first day of treatment. She conducted one
media interview and invited media to view the planes and ask questions. There was overall little
attention given to the event so she returned to Illinois after just one day.
MCMC prepared Nixel alerts for the evenings of the spray to provide the public heads up of the
operations and where the aircraft were expected to treat. Clarke provided ready-to-go
informational entries suitable for social media. These were used to post on the MCMC Facebook
page.

Aerial Operation and Support
Clarke provided three biology field staff who operated 10 CDC light traps to augment the
organic capability of MCMC. A total of 15 CDC light traps were used during this period (Figure
6). Results from CDC traps are included in Figure 24. Mosquitoes captured peaked in June and
averaged over 1,700 per CDC light trap. A similar peak was observed in New Jersey light traps
(Figure 8). Overall, 62,065 mosquitoes were captured, which consisted of 55,434 (89%) Ae.
canadensis, 4,727 (8%) Cq. perturbans and 1,904 (3%) Ae. vexans (Figure 9). Due to the source
of Cq. perturbans as a permanent water species, these would not have been elevated due to the
floods. It is interesting to note that Ae. vexans are not more abundant. During the June 2017
flood in Midland County, Ae. vexans was the most abundant species. Perhaps the timing of the
May flood was too early in the season to cause a larger Ae. vexans hatch.
MCMC & Clarke discussed how long into the night to carry out treatment. Clarke/Dynamic
Aviation has many times continued treatment until 2:00 AM or later. MCMC was concerned
that much of the mosquito activity would be low after midnight. This was based on landing
count data and BG Counter results, which had just began being utilized in 2020. While one BG
unit showed fairly consistent activity through the night, the other dropped sharply off after
midnight. So treatments were limited in most cases to one tank of material treatment per plane
each evening. This took until around 11:00 PM - 12:00 AM.
Breeze conditions are particularly important for aerial adulticide treatment. Light wind
conditions facilitate better coverage of material to the treatment zone and help ensure penetration
of areas with obstacles such as dense vegetation. Wind during the operation varied from
acceptable to calm. This seemed to limit the coverage and drift of the material in some areas as
measured by caged mosquitoes assays and spinning slide collectors.
During the first night of round one spray, one plane completed over 28,000 acres. The other had
technical issues and returned after treating just 3,400 acres. The planes began treatment at 8:44
PM and completed at 11:16 PM, which was one full tank of material applied by the functional
plane. By the second night both aircraft were functional and completed a full night of treatment,
returning shortly after midnight. Due to the technical difficulties of the first evening, a third
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night was needed to complete the first application. The following week the second treatment
was completed in two evenings.

Field Assessments of Treatment Efficacy
Clarke had field staff on the ground during the operation to collect data assessing the efficacy of
the treatments. Cages with 25 wild female mosquitoes were placed in cages and set within
treatment blocks before being sprayed. With each cage was a spinner with Teflon-coated slides
to take a reading of the droplet concentration in these areas. Mortality among the caged
mosquitoes was measured at 24 hours following treatment. The percent mortality ranged from
27 – 94% with a mean of 69% (Table 4). Droplet density per cm2 ranged from 122 – 484 with a
mean of 298 (Table 4).
The lower efficacy of mortality at 52 and 27% occurred while wind conditions were calm. Low
wind conditions can affect mortality if the breeze is not sufficient to force enough of the droplets
past the mesh screening and into the cage. Additionally, these sample sites also had lower
droplet counts so the reduced mortality likely was due to a combination of wind and fewer
droplets.
Table 4. Measures of aerial adulticiding treatment efficacy
Site location
24 hr morality (%)
Drops/cm2

1
52
124

2
27
122

3
90
473

12

4
91
484

5
61
415

6
94
172

Average
69%
298

Figure 4. Treatment areas of 2020 aerial adulticide program highlighted in green. The total area was
120,390 acres.
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Figure 5. Map depicting road closures following the 2020 flood/dam failures. MCMC was shut down for
two days (May 20-21) following the flood due to the extent of road and bridge closures.

Figure 6. Map of Midland County, Michigan with locations of mosquito traps noted during June, 2020. A
total of 20 traps were deployed, 5 New Jersey light traps (noted in orange) and 15 CDC light traps (black
stars). Much of the trapping was focused in areas affected by the flooding and dam failures. Water is
denoted at the height of the flooding from the dam failures.
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Figure 7. Historical average of female mosquitoes captured with CDC light traps during the month of
June during 1987-2019 (left bar) compared with the average in 2020 (right bar).

Figure 8. Sum of female mosquitoes captured with New Jersey light traps during May through July of
2020. Floodwater species (red and dark blue lines) increased sharply following the flood and dam failure
event in May. The rain and inundation from the lake water created abundant habitat for these
mosquitoes.
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Figure 9. Composition of mosquito species captured in CDC light traps. Data are from 15 CDC traps
baited with light and dry ice during May 31 to Jun 30, 2020. A total of 62,065 mosquitoes were captured
of which 55,434 were Ae. canadensis, 4,727 Cq. perturbans and 1,904 Ae. vexans.

16

SUMMER LARVAL SURVEILLANCE & CONTROL
This season 471 samples were taken, primarily from the City of Midland (Figure 10), and
flooded woodlot habitats were most often sampled (Figure 11). This number of overall samples
is less than the only other year that can be compared, which is 2019. There were 970 samples
taken in that year. The greater number in 2019 was due to higher staffing levels.

Figure 10. 2020 mosquito larval samples taken
from various Townships. A total of 471 samples
were entered into iPads.

Figure 11. 2020 mosquito larval samples taken from various habitats. A total of 471 samples were
entered into iPads. AC – Artificial Container, FF – Flooded Field, FW – Flooded Woodlot, RD – Roadside
Ditch, SD – Small Ditch
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Following the flood, larval/pupal mosquito control efforts took place from 22 May – 5 June.
Treatment of ditches was also carried out by three trucks (Figure 14). Much of the effort by foot
crew personnel was focused on areas in and around the City of Midland, as this would provide
the most benefit for the greatest number of residents (Figure 12).
The first rainfall event following the May 19th flood was on 10 June and involved just 1-2 inches
of rain throughout the county. Catch basin treatments were delayed and two ditching trucks were
sent out in response for two days (Figure 14). During the latter part of June, foot crews
conducted treatment of tire and artificial containers through 24 June. Treatment then pivoted to
pretreatment of dry ditches with MetaLarv®.

Figure 12. 2020 flooded field treatment.

Rain events occurred in late August and the first week of September (Figure 13), which resulted
in trucks dispatched for ditch treatment and some foot crew treatment of flooded habitat (Figure
14).
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25-27 Aug

7 Sep

Figure 13. August and September rain events requiring
larviciding response

Figure 14. Roadside ditch treatment totals by township
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The West Nile virus (WNV) 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. Figure 15
summarizes catch basin treatments
carried out in 2020. The three
treatments were done in June, July
and August and totaled 38,502
treatments. This was below previous
Figure 15. 2020 catch basin treatment. The 2017-2019
year’s average, which is 42,410 due
average is 42,410
to staffing shortages. Priority for
treatment went to city catch basins due to patterns of WNV activity.
Due to the poor control observed in some of the Midland City catch basins, Altosid® (active
ingredient methoprene) was used to treat the city basins during all three treatments. The supply
of Sphaeratex® (A.I. Bacillus sphaericus), was used in out-county catch basins. This season was
the first to use Altosid® water soluable packets (WSP) for all catch basin treatments. In the past,
the WSP product was only used with the bicycle treatments and Altosid® pellets or P35 were
used for truck based treatments. The use of WSP is easier, consistent, and reduces the risk of
overtreatment.
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 of 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 are detailed in Figure 16. Included
are the material used to treat the containers and the treatment totals in various townships.
Warren Township had the highest number of containers treated due to the tire processing facility,
CM Rubber Technologies, Inc., which is located in that township.
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Figure 16. 2020 Tire & artificial container treatment.

Pretreatment of dry small ditches (not roadside ditches) was done in latter June after tire and
artificial containers were treated. Figure 17 features the total treatment in pounds of Metalarv
applied to various Midland County Townships.

Figure 17. 2020 pounds of metalarv applied to dry ditches.
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ADULT MOSQUITO SURVEILLANCE & CONTROL
BG Counter 2020 data summary
Two BG Counter® devices were operated throughout the 2020 season. The BG Counter® is a unit that

registers automatically when a mosquito is captured. The device is designed to distinguish
between insects and other insects that might be trapped. Trap #1 was placed at 723 W. Saginaw Rd
in a low lying wooded area near a ravine. Trap #2 was placed at 2180 N. Meridian Rd in a dryer wooded
area. The Counters were installed to a CDC light trap and baited with light and compressed tanks of
CO2. All data reported are for the times that the trap was run with CO2 and light, which was from 8:30
PM (20:30) to 6:45 AM.
For the majority of the days the traps were run, the captures of the trap were manually counted and
identified as an independent measure of the trap accuracy. Additionally, male mosquitoes were counted.
Very few male mosquitoes were captured so data reported are almost exclusively females.
Trap #1 - Comparisons of the BG Counter trap count and trap collections manually counted and identified
were done for 54 trap nights over the season. The BG Counter capture totaled 17,018. The manual count
of the trap capture for these days was 6,513. The BG Counter therefore consistently registered more
mosquitoes than were counted in the catch bag of the CDC trap. These data reflect a 38% accuracy rate
for this BG Counter.
Trap #2 – Fifty four trap nights were compared for the BG Counter and manual trap counts. The BG
Counter capture totaled 6,597 and the manual count was 5,526. When there was a difference between the
BG Counter and manual counts, the BG Counter recorded fewer mosquitoes on 70% of the instances and
more mosquitoes 30%. The overall BG Counter trap accuracy was 5,526/6,597 = 84%.
There was clearly a significant difference in BG Counter reliability based on the two units. Further
analysis of large and small insects counted by the two traps reveal interesting results. Here are the totals
of mosquitoes, small insects and large insects for the two:
Table 5. Insect counts from BG Counters during 2020. Results for Trap #1 are likely not accurate.

Trap #1
Mosquito count
Small bug count
Large bug count
TOTAL

Trap #2

17,377
73,596
29,538
120,511

7,773
7,837
935
16,545

Trap #1, which was only 38% accurate for mosquitoes, also had much higher counts recorded for small
and large insects as compared with Trap #2, which was found to be 84% accurate.
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Figure 18. CDC Trap #1 with BG Counter attached. These data are based on 75 trap nights. Since the
Trap #1 accuracy was only 38%, not much can reliably be inferred from this trap’s BG counter data.

Mean Mosquito Capture
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Figure 19. CDC Trap #2 with BG Counter attached. Data were 84% accurate and based on 74 trap
nights. The data show that the majority of mosquito activity occurs from 9:00 PM to midnight. Species
data from this trap reveal 88% of the capture involved Aedes canadensis (outlined below).
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Trap #1 2020 Species Composition
Based on 75 trap nights
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Figure 20. Species composition from CDC Trap#1 with attached BG Counter. Though the BG Counter
data for Trap #1 had issues, these results are based on a manual count of the trap contents so are
accurate and reliable. A total of 6,596 mosquitoes were captured and were dominated by two species,
Aedes canadensis at 54% (3,601) and Coquillettidia perturbans at 30% (2,012).

Trap #2 2020 Species Composition
Based on 74 trap nights
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Figure 21. Species composition from CDC Trap#2 with BG Counter attached. A total of 8,751
mosquitoes were captured and identified, the majority of which consisted of one species, Aedes
canadensis at 88% (7,727).
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Figure 22. Regression of mosquito captures in CDC Traps with BG Counters attached and
temperature.

CDC Light Trap Surveillance
The CDC trap collections reveal a peak of adult mosquitoes the second week of June. This
season, the greatest number of CDC traps were operated of any season in an effort to
characterize the post flood/dam failure mosquito hatch. Twenty CDC traps were placed in the
weeks following the May flood. Clarke Mosquito Control provided biology field staff to assist
with the operation of traps and identification of captures. Data from that period are summarized
above in the section summarizing the flood. Aedes canadensis was captured most abundantly
(Figure 23), making up 89% of mosquitoes trapped in June. The June peak of captures occurred
during the first week of captures in the month. The highest recorded numbers of mosquitoes
were sampled in June due to the May 19th flood and dam failures (Figure 24). A second peak
occurred in early July, primarily from emergence of Coquillettidia perturbans. Mosquito
populations fell through the season during the latter part of summer due to dry conditions. A few
rain events occurred in August and September prompting need for larval treatment operations.
But no significant hatches of mosquitoes resulted. For a second season, Aedes vexans, usually
the most abundant and troublesome summer species, was not a major nuisance due to the lack of
abundant late summer rain events.
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Figure 23. Mean 2020 capture of female mosquitoes in CDC light traps

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

Figure 24. Seasonal distribution of species caught in New Jersey sight traps, 2020.

evening/morning turn on/off controlled with an electronic light sensor so that the trap only ran
during periods of low light.
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The seasonal peak of spring floodwater and summer floodwater species occurred in early June as
a result of the May flood and dam failures (Figure 24). Coquillettidea perturbans peaked in late
June/early July as usual. Culex spp. peaked in late June as well (Figure 12).

Landing Counts
Landing counts were collected in
most cases during the evening shift,
often just before truck-mounted
fogging began, which was around 30
minutes prior to sunset (Figure 25).
Other landing counts were done at
variable times throughout the day.
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 25. Landing rates throughout the 2020 season.

The observations from landing rates closely mirror the populations of mosquitoes indicated from
trapping data. Counts peaked during the second week of June.

Trouble calls
Data on the calls received from county residents is summarized in Figure 26. Most calls
received were to report high numbers of biting mosquitoes (59%), as is usually the case. These
calls peaked in the early part of June, when trap numbers were highest at the height of the
mosquito impact from the flood. The second most common call (21%) was to request long
driveway fogging service.
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Figure 26. 2020 trouble calls from county residents.

Vehicle & Handheld fogging
Nightime fogging from truck-mounted ULV began in 2020 on 22 May with a limted crew and
while dealing with the aftermath of the 2020 flood/dam failures. Adult mosquitoes peaked in
early June to the highest recorded levels for this month (Figure 7). An operation to control adult
mosqutioes aerially covered 120,000 acres of Midland County as outlined above. Truckmounted fogging was focused in June to those areas not included in the aerial adulticiding
operation. This created a unique situation were the fogging routes were fragmented and much
of some of the townships did not receive much ground based treatment because most of the area
was covered aerailly (Figure 28).
Staffing was limited due to COVID, so the nightime shift was smaller than usual with six of the
usual nine technicians. There were therefore a number of opportunities for permantent staff and
daytime crew to take evening fogging shifts.
The overall material applied and miles fogged in 2020 was below average due to the staffing
struggles, and because precipitation levels were below average following May. The total miles
fogged with vehicles in 2020 was 12,371 miles, compared with the average of 18,467 miles since
2013 (Figure 27).
The John Deere Gator was used to fog in the Village of Sanford due to limited road access from
flood damage.
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Handheld fogging treatment included 1,018 total treated acres.

Figure 27. 2020 truck-mounted and Gator-mounted adult mosquito fogging totals.
The total of 12,371 miles fogged is below the average since 2013 of 18,467 miles
due to dry summer conditions and staffing shortfalls.

2020 was the first year of proactive fogging in areas of
historically high West Nile virus bird activity. A project
was carried out to map all positive WNV bird cases
throughout the County since 2002. These data reavealed
virus circulation hotspots in the City of Midland (Figure
29). The city fog routes that corresponded to these
areas were preemptively fogged in July and August in
an effort to curtail circulation of the virus in bird
populations as a way of mitigating the public health
threat.

Figure 28. Fogging route map of Jerome Township
showing modified route due to aerial operation. The hash
marked area of the map was treated aerially, so trucks
were dispatched to fog areas outside of aerial coverage
(highlighted in green).
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Figure 29. Map of Midland showing concentrations of positive
West Nile virus bird (crows and blue jays) collections. These
data were used to select areas to proactively fog with truckmounted ULV in an effort to reduce the circulation of the virus
in 2020.
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DISEASE SURVEILLANCE & CONTROL
West Nile Virus
The overall risk in Michigan and Midland County for West Nile virus seemed low in 2020 by all
measures. This was surprising as some of the conditions this season were consistent with high
WNV activity. Namely, dry and warm conditions, which occurred in the latter part of the
summer. Nevertheless, based on mosquitoes tested and the lack over overall human WNV cases
in 2020 in Michigan, we concluded that the risk was lower than average.
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.
During 2020, the number of birds reported to MCMC was low compared with previous seasons.
This could be due to the COVID pandemic and the public paying less attention to dead birds. It
might also have been due to lower virus circulation and fewer birds to report. MCMC received
seven calls reporting dead birds. None were tested as they were either not corvids, or had been
dead too long for an accurate test.
A total of 1,447 Culex spp. were captured for WNV testing from 10 July to 9 September in 2020
and were placed into 84 pools (Figure 30). One tested postive for the virus, which was from a
capture on 27 August from the downtown Midland area, the area where the majority of the
positive cases are historically observed.
West Nile virus activity in Michigan was relatveily low in 2020. Thirty one human cases were
reported and 9 animal (birds) and 73 positive mosquito pools (Figures 31, 32 & 33).

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

Figure 30. 2020 mosquito pools collected for
arbovirus testing.

Figure 31. 2020 arbovirus surveillance totals for
Michigan.
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Figure 32. 2020 animal cases of
arbovirus in Michigan.

Figure 33. 2020 human cases of arbovirus
in Michigan.

Eastern Equine Encephalitis
Again in 2020, there was a higher than usual level of Eastern Equine Encephalitis activity,
though thankfully not as much as in 2019. However, a notable difference from 2019 is that the
2020 cases include more northern counties, including three that border Midland County (Figures
32-33). Animal cases were even observed in the Upper Peninsula. There were 41 EEE animal
cases from 37 horses, 2 white-tailed deer, 1 ruffed grouse, 1 bald eagle. Three human cases (one
death) were confirmed, compared with ten cases and six deaths in 2019.

Jamestown Canyon Virus
Midland County Mosquito Control again in 2020 collected mosquitoes for Jamestown Canyon
virus testing from July 13th to August 24th (Figure 30). Pools consisting in Anopheles
quadrimaculatus, An. punctipennis and Aedes canadensis. Five hundred sixty four mosquitoes
were captured and sorted into 52 pools submitted to the MSU lab. Results for 2020 and 2019
have not been reported to MCMC.
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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.

2020 MCMC Media Coverage
08 Mar – Mosquito Control, Parks and Rec look to hire 30 spring applicants, Midland Daily News
https://www.ourmidland.com/news/article/Mosquito-Control-Parks-and-Rec-nbsp-look-nbsp-to-15115041.php
09 Apr – Mosquito Control Continuing Operations during Pandemic, Midland Daily News
https://www.ourmidland.com/news/article/Mosquito-Control-continuing-operations-during-15188782.php
28 May – Midland County Flooding will Boost Mosquito Numbers – Midland Daily News
https://www.ourmidland.com/news/article/Midland-County-flooding-will-boost-mosquito-15300679.php
28 May – Midland Area Flooding Will Increase Mosquito Populations – WSGW https://www.wsgw.com/midlandflooding-will-increase-mosquito-populations/
28 May - Midland Co.: worse-than-usual mosquito season to stem from Mid-Michigan floods – ABC 12 News
https://www.abc12.com/content/news/Midland-Co-worse-than-usual-mosquito-season-to-stem-from-Mid-Michiganfloods-570855531.html
29 May - Midland County may experience heavy mosquito population until July – WNEM TV5 News
https://www.wnem.com/news/midland-county-may-experience-heavy-mosquito-population-untiljuly/article_897612e2-a1eb-11ea-bbb6-db08716a4f65.html
06 Jun – Flood Aftermath Spawning Mosquito Horde in Mid-Michigan – MLIVE
https://www.mlive.com/news/saginaw-bay-city/2020/06/flood-aftermath-spawning-mosquito-horde-in-midmichigan.html
07 Jun - Midland County to Conduct Aerial Mosquito Treatments in June - WSGW
https://www.wsgw.com/midland-county-to-conduct-aerial-mosquito-treatments-in-june/
08 Jun - Midland County spraying 110,000+ acres for mosquitoes after flooding – ABC 12 News
https://www.abc12.com/content/news/Midland-County-spraying-110000-acres-for-mosquitoes-after-flooding571106991.html
08 Jun - Midland County Mosquito Control: Levels threaten quality of life, doing June treatments – WNEM TV5
News https://www.wnem.com/news/midland-county-mosquito-control-levels-threaten-quality-of-life-doing-junetreatments/article_8195e666-a997-11ea-b596-4fb4902c3975.html
09 Jun – Midland County Prepared for Massive Mosquito Spray Operation – WSGW
https://www.wsgw.com/midland-county-prepared-for-massive-mosquito-spray-operation/
11 Jun - Midland County aerial mosquito operation rescheduled for June 16 – Midland Daily News
https://www.ourmidland.com/news/article/Midland-County-aerial-mosquito-operation-15332305.php
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15 Jun – Midland County to Begin Spraying for Mosquitoes – 9&10 News
https://www.9and10news.com/2020/06/15/midland-co-to-begin-spraying-for-mosquitoes/
16 Jun – Mosquito Treatments Resume as Standing Water from Flooding Raises Concern of Breeding – NBC25
News https://nbc25news.com/news/local/mosquito-treatments-resume-as-standing-water-from-flooding-raisesconcern-of-breeding
18 Jun – Historic flood brings more mosquitoes to Midland County – ABC 12 News
https://www.abc12.com/content/news/Historic-flood-brings-more-mosquitos-to-Midland-County-571352491.html
22 Jul – Slow and steady: Mosquito Control still fogging nightly with limited staff – Midland Daily News
https://www.ourmidland.com/news/article/Slow-and-steady-Mosquito-Control-still-fogging-15426447.php#item85307-tbla-1

2020 Tire Collection Drives
Midland County Mosquito Control (MCMC) carried out a tire drive in September in Mills
Township. A total of 902 tires were collected. The first tire drive, which was scheduled for May
2020, was cancelled due to COVID and social distancing concerns. 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
2020 Insecticide usage

Insecticide Name
5% Abate
Altosid WSP
Altosid XR
MetaLarv
Duplex G
Bti(g) (VectoBac G)
Bti(l) (Vectobac 12AS)
Bs(g) (Sphaeratex)
Bs(WSP) (Vectolex)
Mosquiron
MLO (Sunspray, BVA)
Evoluer 4-4, Kontrol 4-4

Active Ingredient
temephos
methoprene
methoprene
methoprene
methoprene
Bacillus thuringiensis isralensis
Bacillus thuringiensis isralensis
Bacillus sphaericus
Bacillus sphaericus
Novaluron
mineral oil
permethrin
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EPA Registration
units
8329-15
lbs
2724-448
packet
2724-421
briquette
lbs
65733-16-6
lbs
73049-10
lbs
73049-38
gal
84268-2
lbs
73049-20
packet
66222-231-89382 lbs
86330-11,
gal
769-982, 73748-4 gal

2020
Start
2020 End
Inventory Inventory
107
93
43300
9166
886
205
320
0
46
39
117838
3630
4320
506
95
46
200
164
8
0
3225
1627
3975
2063

2020
Used
Actual
14
34134
681
320
7
114208
3971
49
36
8
1598
1912

Appendix B
2020 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.

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
Kontrol 4-4®, Univar Environmental Sciences - Kontrol 4-4® is 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.

38

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 longlived, 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

Spring floodwater
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

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
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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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Appendix G
2020 Season Observations & Lessons Learned
2020 was one of the most challenging seasons in MCMC history. It involved COVID-19 effects
and mitigation efforts, which is the most significant pandemic since the 1919 Spanish Flu.
Additionally, the County suffered the catastrophic failure of both the Edenville and Sanford
dams, which resulted in over $210 million damage to public, residential and business properties.
MCMC in response to the flooding and dam failures arranged and directed two adulticiding
aerial sprays to 120,000 acres of the county in June 2020.


Training – due to social distancing practices, the training/break room was not utilized in
2020. During April through June, the state testing for pesticide applicator
registration/certification was unavailable. Therefore, only returning employees, who
already had registration/certification could be hired. Furthermore, only one individual
per truck could be deployed, which affected the springtime foot crew operation. The
returning technicians completed 2/3 of the acreage of a typical season. This is likely due
to the dedication and experience of the crew as well as cool springtime temperatures,
which allowed for more time to treat standing water before mosquito emergence.
Consider for future how training can be better modified should similar restrictions
continue into 2021 and beyond.



Timing of the flood - whereas the June 23, 2017 flood resulted in the highest recorded
mosquito populations, the May 18, 2020 flood did not appear to have similar mosquito
hatch. Much of the highest amount of rain (up to 8 inches) occurred north of Midland
County. Midland County received up to 4 inches, so less overall rain as compared with
2017. Furthermore, the seasonal timing of the event seems to have caused more hatch
of springtime mosquitoes, particularly Aedes canadensis, but it did not result in a large
Aedes vexans hatch, as was the case in 2017. Nevertheless, there were high levels of
mosquitoes in late May and early June. Due to the limited field staff, it was an
appropriate step to arrange the aerial spray operation in June.



Field observations suggested that most of the mosquito hatch involved flooded areas
from rainfall as opposed to areas flooded from the dam failures and lake drainage.



It was unknown how the public would respond to aerial adulticide treatment, as it had
never before been attempted in this County. During the 2019 aerial operations that
took place in the southwestern part of the state for EEE, there was a significant amount
of concern and resistance to the operations. The selection of Merus 3.0, an organically
labeled adulticide, was made in large part due to the unknown response the public
would have to the effort. As it turned out, very little concern was expressed by the
public. Only one individual called to opt out prior to the operation and no significant
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concern was observed by the public through social media, phone calls or other means.
MCMC excluded all existing no-spray properties from aerial treatment in an effort to
expedite the operation. Furthermore, potentially sensitive sites such as Chippewa
Nature Center, Little Forks Conservancy and Dow Gardens/Whiting Forest were
consulted to ensure respective management’s wishes for treatment were know. The
lack of public concern is likely due to the resident’s familiarization with the established
mosquito control program (including the spring aerial larviciding program), as well as
the efforts to exclude the known no-spray properties.


During the two weeks of the aerial adulticide operation, truck fogging was diverted to
the areas of fog routes that were not included in aerial coverage. This caused a number
of calls and concerns that MCMC was not effectively addressing the mosquito problem
since the residents had not seen the trucks as often as they were accustomed to. When
explaining the aerial operation and the benefits of its coverage, some were satisfied.
However, a notable number of residents simply wanted the fog truck to go by and were
not convinced of the value of aerial treatment. Others complained that they saw the
trucks go by quickly without fogging and were frustrated. This did happen as the trucks
transited past aerial treatment areas to get to an area they would be fogging that was
not in the aerial program. This was again a practice they were not accustomed to. The
takeaway for MCMC was that there appears to be a significant psychological effect of
seeing a fog truck treat.
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