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For readers who need background information on our organization, mosquito biology
and mosquito control practices, we refer you to the publication, “General History and Mosquito
Disease Management Strategies”. The following annual report was compiled for those with a
basic understanding of mosquito control principles.
Here are some highlights of the 2021 CMCC annual report:
•

•
•

•

•

The mosquito season was above “average” compared to in the past few years,
with an increase in mosquito-borne disease activity, especially that of WNV.
Several species of mosquitoes reached record highs. As of this printing, no
human or horse cases were reported in 2021 for either WNV or EEE.
Temperature and rainfall averages were below normal for much of the season,
reducing the floodwater mosquito habitats.
The biology laboratory conducted field studies on pesticides used to treat
standing water (larvicides) and adult mosquitoes (adulticides). This will help us
determine the best products to purchase and make control efforts more costeffective.
We were challenged to adapt to a “new normal” in 2020. In 2021, we faced new
challenges, that included supply chain issues and unfilled job vacancies. Our
well-trained crews worked diligently to ensure we provided the best service to
the community as seen in the 128% increase in “Special Event Treatments” and
50% increase in Backyard ULV for treatment of Asian Tiger mosquitoes.
The commission remained fiscally responsible by keeping expenditures below
revenues by $1,173,194 for FY 2021.

We continue to pledge our commitment to protecting the public’s health and comfort.
By making mosquito control decisions based on both scientific data and citizen input, we will
make the biggest impact on problem species while minimizing side effects on the environment.

Lisa Wagenbrenner, Director
Chesapeake Mosquito Control Commission
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I. ANALYSIS OF THE MOSQUITO SEASON
Weather conditions, mosquito populations & arboviral disease activity
A. General observations
Figure 1 (pg. 1) illustrates the deviation from normal weather conditions recorded at Norfolk
Airport in 2020 and 2021. Compared to 2020, average temperatures were lower. In 2020, July
had the highest deviation of 2.94 inches below average. In 2021, rainfall during the mosquito
season remained below normal, with the exception of August coming in at 0.71 inches above
normal. Overall, 2021 was 6.72 inches below normal precipitation for the year.

Deviation (inches or ⁰F)

Figure 1. Deviation from normal weather conditions, Norfolk Airport, 2020 & 2021.
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The number of female mosquitoes caught per trap night was 15% higher this season than last,
making it the third highest per trap night over the past 10 years, as seen in Figure 2 (p. 2). A
second comparison over the last 15 years shows 2021 as having the highest number of total
female mosquitoes trapped, as seen in Figure 3 (p.2). Although the type of trap used and the
trap locations have changed over the years for some trap sites, many of the sites have
remained constant. Therefore, this depiction is anticipated to be an accurate representation of
the annual mosquito abundance.
Figure 2. Comparison of average number of female mosquitoes trapped, CMCC, 2012 – 2021.
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Figure 3. Comparison of total number of female mosquitoes trapped, CMCC, 2007 – 2021.
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A portion of the increase in 2021 was concentrated in two species of concern, Cs. melanura and
Cx. pipiens. Cs. melanura (the EEE primary vector – bird biter), responsible for amplifying WNV
and EEE within the bird population, increased by 60%. Cx. pipiens (the WNV mosquito)
experienced a record-breaking number of mosquitoes, with an increase of 88% (Figure 4, p. 3).
Figure 4. Comparison of catches of species of interest, CMCC, 2020 vs. 2021.
2020 / 2021 Catch
Comparisons - Species of
Interest

2020
Total
Catch

Per
Trap
Night

2021
Total
Catch

Per
Trap
Night

% Increase
/ Decrease
per Trap
Night

Ae albopictus
Ae vexans
An crucians/bradleyi
An punctipennis
An quadrimaculatus

6,087
1,458
19,023
883
2,672

35
2
23
1
3

6,661
871
6,063
1,505
3,493

36
1
8
2
4

4%
-37%
-66%
80%
38%

Cq pertubans
Cs melanura
Cx erraticus

50,345
163,640
8,892

60
195
11

33,062
248,695
5,463

41
312
7

-31%
60%
-35%

Cx pipiens
Cx restuans

26,520
4,759

53
10

49,682
3,652

100
2

88%
-74%

Cx salinarius
Cx territans
Oc atlanticus
Oc canadensis
Oc infirmatus
Oc solicitans
Oc taeniorhynchus
Oc triseriatus
Ps ciliata
Ps columbiae
Ps ferox
Ps howardii

30,799
130
5,575
7,432
2,460
11
11
239
48
8,110
10844
119

37
0
7
9
3
0
0
0
0
10
13
0

5,895
38
7,245
14719
747
8
23
186
93
6,414
9,468
32

7
0
9
18
1
0
0
0
0
8
12
0

-80%
-69%
37%
109%
-68%
-23%
121%
-18%
104%
-17%
-8%
-72%

350,057

231

404,015

273

15%

Total Female Species of
Interest

Reason for
concern when
higher (pink
highlight)
Nuisance / WNV
bridge vector
Nuisance at night
Nuisance at night
Nuisance / EEE
bridge vector
EEE primary vector
EEE bridge vector
WNV Primary &
bridge vector
Nuisance / bridge
vector
Extreme nuisance
EEE bridge vector
Extreme nuisance

Nuisance
Extreme nuisance
Extreme nuisance
Nuisance

B. Specific observations
1. West Nile virus (WNV) mosquitoes
Cx. pipiens, both the primary and bridge vector of West Nile virus, is always on our radar. This is
because of high WNV activity in previous years, as well as the occurrence of locally contracted
human cases in 2018. As stated previously, the 2021 season set records with the numbers of Cx.
pipiens caught, another record set was the amount of positive WNV pools. The number of Cx.
pipiens per routine trap night in 2021 was 96, which is well above the seven-year median of 57
3

(Figure 5, p.4). The difference in these “per trap night” values shows a great increase in the
local populations from the previous seasons to 2021.
Figure 5. Cx. pipiens (WNV mosquitoes) per trap night, CMCC, 2015 – 2021.

2. Nuisance mosquito species
As Figure 4 (p. 3) illustrates, most of the nuisance mosquitoes (green highlight) were less
numerous in 2021 than in 2020. In order to breed, these species take advantage of either
containers with rainwater, or floodwaters resulting from rainfall. The average rainfall
encountered throughout this mosquito season was below average, lessening the available
breeding habitats and thus, greatly reducing the numbers of the nuisance species (compared to
2020).
Our response to mosquito problems varies depending on the severity and the species.
However, citizen service requests usually increase with the rise of certain mosquitoes. This
increase in service request is most dramatically seen from mid-to late season, in response to
nuisance species of Ae. atlanticus, Ps. ferox, Ps. columbiae and Ae. albopictus. Notice in Figure
6 (p. 5), the correlation between the catches of these nuisance species (gold bars) and
mosquito service requests from June and again in August (only summer month with above
average rainfall). Cq. perturbans (blue bars) can become a nuisance when close to their
habitats, but we typically don’t see a spike in service request when their numbers are high.
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Figure 6. Weekly nuisance mosquito abundance vs. citizen service requests, CMCC, 2021.

Cq. perturbans is a large, aggressive mosquito that feeds mainly on large mammals and birds,
and is most abundant in late May. Larvae of this species can be found in permanent bodies of
water with rooted aquatic vegetation, especially cattails. Populations seem to fluctuate in a
long cycle of several years (Figure 7, p. 6). Alarmingly, over a three-year period, Cq. perturbans
numbers had increased to an unprecedented total for 2020. However, that total number then
decreased over 30% in 2021. This species is very difficult to control in the immature stages due
to the inaccessability of its breeding sites. Despite that, they are strong flyers and when adults
are abundant, they will travel to nearby neighborhoods and farms, causing problems for
residents and livestock. The Commission always responds to these invasions with nighttime
ULV spray. In the fall of 2021, larvicide treatments were applied to cattail marshes in areas of
concern, in an effort to control these mosquitoes before they emerge and become a problem.
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Figure 7. Fluctuation in Cq. perturbans populations over 10 years, CMCC

C. Arboviral (mosquito-borne) disease activity
1. West Nile Virus (WNV)
After reaching a recent peak along the eastern seaboard of Virginia in 2018, WNV activity
decreased significantly in 2019 and continued to decrease in 2020. Figure 8 (p.7) illustrates
annual Cx. pipiens (primary vector of WNV) catches from 2015 to 2021, as well as illustrating
the WNV positivity rate of samples tested each year. The Cx. pipiens populations have a sevenyear average of 57 females per trap night. In 2019 and 2020, these populations were below the
seven-year average, but in 2021, the number of females per trap night increased to an all-time
high of 96! For a more respective comparison, Figure 9 (p.7) shows the last three seasons
(having the two-week trap rotation), further presenting the dramatic spike experienced in 2021.
WNV activity, as measured by positive mosquito pools and chicken sera conversion, averaged
much lower in 2019 (9.1) and 2020 (8.4) than the seven-year average (21.4). The Virginia
Department of Health Entomologist hypothesized that WNV activity in Virginia appeared to be
on a three-year cycle in more recent years, with 2021 slated to have been the next problematic
year. As predicted, 2021 was an unprecedented season, both in total number of Cx pipiens
caught and in the number of WNV positives, thus pushing the positivity rate to 87, well above
the average of 21.4. On the bright side, there were no reported human or equine cases of WNV
in Chesapeake in 2021.
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Figure 8. Cx. pipiens gravid trap catches and WNV positivity rates, CMCC, 2015 - 2021

Figure 9. Cx pipiens females total & per trap night, 2019-2021
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2. Eastern equine encephalitis (EEE)
Figure 10 (p. 8) illustrates the relationship between catches of the EEE primary vector (Cs.
melanura) and the EEE positivity rates of samples tested over the past 10 years. 2018 and 2019
catches of Cs. melanura were very similar, but EEE activity measured by our testing was at a 10year low in 2019 (2.0). In 2020, we experienced the second highest females per trap night and
the second highest positivity rate, along with one equine case. More recently, 2021 came in at
the third highest per trap night catches (184), but second lowest positivity rate (6.7). There
does not seem to be a direct correlation between abundance of this primary vector and EEE
activity in recent years. Therefore, it is important to maintain testing programs for EEE, rather
than relying solely on mosquito numbers to determine risk of infection.
Figure 10. Cs. melanura trap catches and EEE positivity rates, 2012 - 2021
Cs. melanura per trap night and Eastern Equine Encephalitis positivity rate
Chesapeake Mosquito Control Commission, 2012 - 2021
(184)
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II. OPERATIONS
Accomplishments, work reports & service requests
A. Biology Laboratory
1. Surveillance
Figure 11 (p. 9) contains details of the Biology Laboratory work report, 2020 vs 2021. The
biology lab relies on two seasonal part-time biology technicians to assist with accomplishing
day-to-day tasks from April-October. In 2021, the biology department was short-staffed during
the peak of mosquito season, due to an authorized six-week extended leave of the Biologist II.
This greatly reduced the department’s ability to conduct subsidiary projects. This is further
seen in the 2% decrease in number of routine traps set, 80% decrease in larvicide efficacy tests
and 46% decrease in special trap settings. The lab did identify and count the highest amount of
mosquitoes caught in total in the last 15 years. The lab also processed 22% more mosquito
tests, indicative of higher mosquito populations of the species routinely tested. The 100%
decrease in pesticide resistance tests was mainly due to unforeseen issues with rearing the
mosquitoes from eggs to adults. Many education and outreach programs were again cancelled
in 2021 due to the pandemic.
Figure 11. Biology Laboratory work report, 2020 & 2021.
% Increase /
Biology Lab
2020
2021
Decrease
Total Routine Traps Set
*Total Female Mosquitoes
Total mosquito pools tested
Total Chicken Samples
**Total Larval surveys

Total pesticide resistance tests

1,515
356,611
1,855
369
98
11

1,478
407,755
2,262
327
117
0

-2%
14%

-100%

22%
-11%
19%

Special projects

Larvicide efficacy tests
Special trap settings (e.g.,
trap-spray-trap trials,
adulticide field trials)

5

1

-80%

28

15

-46%

Education / Outreach (includes
Director)
School sessions
Outreach Activities
***Training
Total Education / Outreach

16
0
8
24

0
0
6
6

-75%

*2021 Total Female Mosquitoes = routine catches + 3,494 from special settings
**Total Larval surveys-conducted in the off-season (Nov-Mar)
***Training includes presentations at regional conferences, teaching classes for state

and regional associations, in-house personnel training and onboarding.
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2. Mosquito monitoring strategy
Although it is important to preserve most surveillance sites for historic reference, it is also vital
to change other aspects of the mosquito monitoring program to adapt to changing conditions
and control strategies. The two-week trapping period adopted in 2019 has continued with
great results. This two-week period was chosen to more accurately measure the impact of
control efforts. The information from this rotation is more useful for field operations and will
be continued.
The biology lab has also become more responsive to the types of traps necessary to use during
each mosquito season. Figure 12 (p. 10) illustrates the increase in routine trap nights of
particular trap types used over the years. Note the emphasis on surveillance for WNV
mosquitoes has increased, as well as the Asian Tiger, a potential disease vector and extreme
nuisance species. Overall, there was not a significant change in traps from 2020 to 2021.
Although, not specified in this graph, the lab did set 15 additional West Nile virus mosquito
traps in response to the WNV positive pools and consistent high numbers of the species.
Figure 12. Change in routine trapping strategy, CMCC, 2007 – 2021.

# of Routine Trap Nights

2020

2021

EEE and other species
Asian Tiger mosquito
West Nile Virus mosquito
Total RoutineTrap Nights

841
175
499
1,515

797
185
496
1,478

% + or -5%
6%
-1%
-2%
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3. Pesticide efficacy testing
a. Adult mosquito tests
Bottle bioassays of local Culex pipiens & Aedes albopictus populations began in the 2018 season
with important results (Figure 13, p. 11). According to the Centers for Disease Control and
Prevention protocols, some of our local mosquito populations are resistant to some of the
active ingredients in our adulticides. However, the adulticides also include other ingredients
that can make them more effective, so more practical field tests of caged mosquitoes were
planned for 2021. Unfortunately, the pandemic and lack of needed species, due to rearing
issues, caused the bottle bioassays and cage field trails to be put on hold again until 2022.
The biology department did accomplish several trap-spray-trap field tests in areas of concern
(Figure 14 p. 12). The results of these tests led to useful information on the efficacy of our
adulticides and the timing of nighttime spray missions. By utilizing this information, we can use
product rotation or a change to the timing of nightly spray routes to further reduce the
mosquito population in those areas of concern.
Figure 13. Egg raft collection and pesticide resistance testing in the CMCC Biology Laboratory
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Figure 14. Results of Trap-Spray-Trap with select adulticides.

CMCC225- Brandon Way- Decreased 56%
CMCC202- Centerville Tpke - Decreased 51%
CMCC223- Rellen St- Increased 42%
CMCC198- Baffy Loop- Decreased 36%
CMCC201- Kempsville Rd- Decreased 5%

b. Immature mosquito tests
The use of sustained-release larvicide formulations can minimize labor hours by reducing the
number of times a mosquito breeding site needs to be treated. Pesticides with a greater
longevity enable control efforts to be maximized in the field. The time saved with using these
products allows for a larger number of sites to be treated. However, these savings are void if
the formulation of the product does not stand up to the active period that the label claims. The
top left photograph in Figure 15 (p. 13) shows one of the experimental pools designed and
produced in the shop of the Small Engine Mechanic, designed especially for testing out the
efficacy of a product’s claimed active period. Due to the issues involved with collecting the
required amount larvae, the experimental pools were unused in 2021. The biology lab did
perform one field evaluation of a larvicide that took place during the spring. The bottom two
photographs in Figure 15 (p. 13) show the application of the larvicide and recording of the
water temperature at the chosen site. This is an important part, as water temperature
determines the speed at which larvae mature (warmer water equates to active feeding and
quicker growth). Excellent results of this product’s evaluation prompted a future purchase,
adding to our arsenal of proven larvicide products.
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Figure 15. (Top) Hand-made, larvicide testing pools and larvae for stocking experimental
pools. (Bottom) Applying product to a natural field test site and checking water temperature.
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B. Control Operations
1. Drainage maintenance
Figure 16 (pg. 14) illustrates control work accomplished during calendar years 2020 and 2021
and the percent increase or decrease per category. Note that all categories under “Drainage
Maintenance” indicate a decrease, this is a result of fewer drainage service requests and a drier
season overall. Field crews were able to clear 33% more paths in 2021 compared to 2020, thus
improving access for applying mosquito pesticides.

Figure. 16. Control operations work report comparison, calendar years 2020 - 2021.

Control Operations Work
Report Comparison

2020

2021

% Increase /
Decrease

24
22
24
5,891
15

23
19
16
5,272
20

-4%
-14%
-33%
-11%
33%

3,796

3,185

-16%

2,573
74,829
18,563

1,723
68,057
16,543

-33%
-9%
-11%

963

1,440

50%

368,971
20,218
0

315,899
17,933
0

-14%
-11%
#DIV/0!

2020

2021

% Increase /
Decrease

1,757
72
27
40
106
2,002

1,712
67
18
91
67
1,955

Drainage Maintenance
Bush - Mach (acres)
Cleaning (miles)
Refuse Removed (tons)
Total Drainage Maintenance hours
*Path clearing (miles cleared)
Inclement weather / maintenance

Pesticide Application
Ground Larvicidng (acres)
**Blocking-150 day Larvicide
Ground Larvicide Application hours
# of Backyard ULV Treatments (Asian tiger
problems)
Ground ULV (acres truck-mounted + UTV+
backyard)
Total Ground Pesticide Application Hrs.
***Aerial Larviciding

Service Requests (dependent on
environmental conditions)

Mosquitoes
Drainage
Property Release
Special Event Treatment
Other

TOTAL
*Making sites accessible for pesticide application
**Block acres treated not attainable

-3%
-7%
-33%
128%
-37%

-2%

***Not conducted either year
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2. Pesticide application
a. Ground larviciding
“Ground Larviciding”, seen as a category in Figure 16 (p.14), encompasses various methods of
application such as: 150-day and 30-day sustained-release pesticides, different types of
granules (via hand or through blowers during special projects), and liquid larvicides to road-side
ditches from our jeeps. The 33% decrease from 2020 to 2021 in acres treated can be directly
related to a couple of factors. One of those reasons being our city experienced rainfall amounts
that were below average for much of the summer and fall, subsequently reducing the number
of breeding sites in need of treatment. Additionally, a large tract of land was donated to the
Great Dismal Swamp Wildlife Refuge that we previously treated, thus greatly reducing the
amount of applied larvicide to the area.
Operations Support tuned, updated and calibrated the Buffalo Turbine (Figure 17, p. 15), which
was used for the first time in 2019 and has been routinely utilized thereafter. This machine is
useful under certain circumstances, such as when granule application is desirable over large
areas. Although it is limited to roadside operation, it has proven effective and has been
significantly beneficial since 2019.
Figure 17. Buffalo turbine.
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b. Ground adulticiding (ULV or nighttime spraying)
Adulticiding (“Ground ULV” in Figure 16, p. 14) is employed under specific conditions, such as
when surveillance indicates that the action threshold of a species has been met, when arboviral
disease is detected, or when mosquito service request numbers are high. Overall, “Ground
ULV” acres treated were down slightly by 14%. This is mainly an effect from the low mosquito
trap counts of most of the nuisance mosquitoes in 2021. Mosquito service requests were down
8% in 2021, shown in red (Figure 18, p.16). The one large spike during EPI weeks 33 to 35
corresponds to the increase in nuisance mosquitoes in August, which was previously
determined to have been the wettest summer month (Figure 6, p.5). The ULV response to the
WNV positive mosquito pools were concentrated to smaller areas due to the nature of the
species, contributing to less actual acres treated. In contrast, backyard ULV increased 50% due
to Ae. albopictus (Asian Tiger) mosquitoes proliferating during the peak summer months. In
July alone, Ae. albopictus were up 75% compared to July of 2020!
Figure 18. Total Mosquito Service Requests from EPI week 18 to EPI week 44, 2020-2021

3. Service Requests
a. Special Event Treatment
Citizens can contact mosquito control a week in advance of a large gathering for a “Special
Event Treatment.” The pandemic of 2020 continuing into 2021, changed the way we worked
and socialized. Popular summer events were cancelled and private gatherings were not as
popular for much of 2020 but outdoor gatherings seemed to be regenerated in 2021. This
factor increased the number of “Special Event” treatments by 128% from 2020 to 2021 (Figure
16, p.14).
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C. Goals & Challenges for 2022
1. Arboviral diseases
West Nile virus continues to be the mosquito-borne disease of greatest concern to people in
Chesapeake. Cx. pipiens (the primary vector) has been difficult to control through traditional
techniques, especially in neighborhoods where Cx. pipiens are most prevalent. We plan to
expand on a novel approach begun in 2019, of targeting areas where adult Cx. pipiens females
are resting. This mosquito species rests in underground storm water catch basins, pipes, and
pump stations. The idea is to hang pesticide strips to deter females from resting in these areas,
bringing them out into the open and increasing their susceptibility to ULV adulticide spray.
Also, research will be done on new equipment for applying larvicide more effectively in dense
urban areas.
2. Coquillettidia perturbans
Population fluctuation of this species trended down in 2021, prompting the cancellation of a fall
aerial larvicide treatment. Additionally, due to unforeseen circumstances, selected treatment
areas have not been properly surveyed to positively identify Cq. perturbans active breeding
habitats. A fall ground larvicide mission was accomplished in areas of historic high trap numbers
and will again be conducted in 2022 to reduce the spring brood emergence.
3. Drone Implementation
This year we plan to implement our drone to enhance surveillance of mosquito habitats.
Locating the habitats is half the battle and the other half is applying the proper pesticides,
which leads to the last goal for 2022.
4. Pesticide efficacy/resistance studies
The biology laboratory has several intended projects designed around testing sustained-release
larvicides in varying habitats. Field adulticide tests will be performed in continuation of our
resistance studies and to determine more effective timing for truck-mounted ULV nighttime
operations.
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Financial Overview
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