SALT LAKE CITY MOSQUITO ABATEMENT DISTRICT

Executive Director’s Report

October 2025
1. Personnel:
Personnel
Staff Seasonal
12 15

Type of Work 2025 2‘,‘;::;;
Adulticiding 12.50 31.42
Wetlands / Rural 322.25 128.83
Fish Culture 138.50 67.33
Catch Basins / Gutters 9.50 18.42
Tree Holes 0.00 0.00
Prison 2.00 17.58
Service Request 13.75 19.33
Traps 149.25 233.67
Laboratory 489.75 429.67
Office / Administration 761.00 794.17
Equipment Maintenance 320.50 259.67
Facility Maintenance 302.75 236.75
Training 138.00 84.17
Education 191.25 106.92
Unmanned Aerial System 11.00 67.83
CSU Grant 171.00 26.42
Other Work — Carroll-Loye Bio. 3.50 0.00
Other / Errands 40.50 124.58
Comp. Time Used 156.00 88.58
Vacation 135.75 132.67
Additional Hours 0.00 0.00
Holidays 96.00 91.33
Sick Leave 128.50 66.25
Total 3,593.25 | 3,025.59
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2. Office/Lab/Shop Activities:

Ary Faraji, Executive Director

o Executive Director Faraji and staff attended the monthly meetings of the
Owner/Architect/Engineers on 1 October 2025.

e Executive Director Faraji and staff attended a meeting for website services on 2 October
2025.

e Executive Director Faraji and staff attended a meeting with Dr. Norah Saarman from USU
regarding research projects on 2 October 2025.

e Executive Director Faraji attended the monthly meetings of the Utah Mosquito Abatement
Association on 8 October 2025.

e Executive Director Faraji and staff attended the monthly meetings of the
Owner/Architect/Engineers on 8 October 2025.

e Executive Director Faraji attended a meeting with Kevin Denardo from VDCI on 10 October
2025.

o Executive Director Faraji and Assistant Director White attended and presented at the
European Society of Vector Ecology meetings on 13-17 October 2025.

e Executive Director Faraji staff attended and presented at the Utah Mosquito Abatement
Association Annual meeting on 27-29 October 2025.

e Dena Oliva, Operations Manager from Anastasia Mosquito Control District in Florida, visited
the facility on 27 October 2025.

e Dr. Norah Saarman, Emily Calhoun, Katie Graybeal, and Thaddeus Allen from USU stayed
in the dormitories on 28-30 October 2025.

e Executive Director Faraji conducted a bi-monthly leadership meeting for the Entomological
Society of America’s Medical, Urban, and Veterinary Entomology section on 30 October
2025.

e Executive Director Faraji attended a meeting with Ageela Sehrish, the Science and Policy
Committee Chair for the ESA/MUVE on 30 October 2025.

Aleta Fairbanks, CFO
e CFO Fairbanks attended a Utah Retirement Systems webinar on 24 October 2025.

Greg White, Assistant Director
Weekly Construction Meetings plus other construction meetings
Teach Class at USU for Norah Saarman — 10/2
Coordiante mosquito larvae collections with us and SSLVMAD for Nora Saarman — 10/3
Help get mosquito samples organized and labeled to send to Dr. Karla Saavedra-Rodriguez at
CSU for RaHP Insecticide Resistance project — 10/7
Write to Natasha Cope from Salt Lake County Health about WNV and mosquito activity in 2025 —
10/9
Review Student Presentations for UMAA Conference — 10/23 and 10/27

UMAA Mangers Meeting — 10/9
SOVE Meeting/Presentation — 10/13 to10/21
UMAA Annual Conference/Presentation — 10/27 to 10/29
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Chris Bibbs, Laboratory Director

Oct 2

Oct 3
Oct 6
Oct 7

Oct 8

Oct 9

Oct 10
Oct 14
Oct 15
Oct 16

Oct 17-
18
Oct 20

Oct 21

Oct 22

Oct 23

Oct 24
Oct 26
Oct 27-
29

Oct 30

A. Jamison “Professional Experience Project” supervisory committee orientation
and admin

Exhale paper resubmission to JME; presentation coaching for Reed Miles

Cx. erythrothorax larval and adult pools for L. Kothera (CDC)

Data sheets for T. Burgess (Heartworm) and L. Kothera (Cx. ery); MAKD
counting and data completion; bee collections with Davis Beekeepers
association; facility tour with Davis Beekeepers Association.

Larvicide residual tests (yeast); Bee testing with Barricor; dragonfly manuscript
edits and sharing w/ Jessa Ware (AMNH)

Barricor bee and mosquito data collection; Larvicide data collection; Research
highlights slides for SOVE

Barricor bee and mosquito data collection; larvicide data collection;

Cx. tarsalis colony seeding w/ lvy Hurwitz (UNM); barricor data collection

SRI program updates (U of U), SRI open house poster submission

Discussing Tox paper updates w/ llia; Barricor testing; Colony rearing call w/ Ivy
Hurwitz; Anthrone data review w/ Thomas; prepping plant DNA samples for
sequencing; call w/ Willenberg lab on Capgel and Vega mosquito diet
collaborations

Rewriting Tox manuscript and consultation w/ llia; anthrone/sugar-fed
seasonality data inputs w/ Thomas

Prepping RBCLA samples for sanger sequencing; Tox manuscript literature
review and formatting for Hydrobiologia

Adding UV spectroscopy data to Tox manuscript; SRI collaboration calls w/
Ryan Stolley; Dragonfly paper edits from Jessica Ware; AMCA abstract
submission

Amy Masters project proposal; sample finalization for L. Kothera on
erythrothorax

School tour of labs; Barricor data collection and data entry; end of year
invoicing; UMAA presentation prep/coaching w/ students

Project meetings for SRI and Natalee’s last day; SRI open house event
Receiving UMAA guest speaker Dena Oliva (AMCD), hosting duties

Hosting Dena Oliva (AMCD) for tours and shadowing; UMAA: Park City

Call w/ llia on stats and Tox paper

Michele Rehbein, Education Specialist

¢ Dr. Rehbein did maintenance in the pollinator habitat on 2 October.

¢ Dr. Rehbein sent out the SLCMAD newsletter issue 9 on 3 October.

¢ Dr. Rehbein applied for the Bass Pro Shops — Cabela’s Outdoor Fund grant for education
programming within the pollinator habitat on 7 October.

¢ Dr. Rehbein published and sent out Issue 10 of the SLCMAD newsletter on 17 October.

e Dr. Rehbein dropped off native pollinator plant grow tubes to the Utah Department of Agriculture
and Food on 30 October.

e Dr. Rehbein sent out issue 11 of the SLCMAD newsletter on 31 October.

Documents/Word/SLCMAD/Directors Report/Directors Reports/2025/10-25



¢ Dr. Rehbein and Brad Sorensen tabled at the Salt Lake County 4H Community Connections
Fair on 1 October.

e Dr. Rehbein met with Dr. Tim Burton from RaHP VEC on 3 October to discuss RaHP VEC
social media/outreach.

e Dr. Rehbein attended a biweekly arboviral call on 9 October.

e Dr. Rehbein toured Jonny Gonzalez and Cenezhana Rokhaneevna from STEMCAP around the
facility on 16 October.

¢ Dr. Rehbein gave two presentations to the Guadalupe Center students; one for kindergarten
through second grade and another to third through sixth graders on 20 October.

¢ Dr. Rehbein gave a presentation to six graders at Kearns Junior High (B class period) on 21
October.

¢ Dr. Rehbein gave a presentation to six graders at Kearns Junior High (A class period) on 22
October.

e Dr. Rehbein met with Kaitlin Felsted from Utah Inland Port Authority to discuss leads and
potential collaborations on small funding/resources for the least chub prison project on 22
October.

e Dr. Rehbein met with EnSoc PACT mentee Matt Brown for a monthly meeting on October 22.

e Dr. Rehbein did a tour/field trip for the Kearns Junior High six grade students of the SLCMAD
facility on 23 October.

e Dr. Rehbein and Brad Sorensen participated and tabled at the Monroe Elementary School’s
Spooky Science Night on 23 October.

e Dr. Rehbein attended and presented at the UMAA Annual Conference in Park City, UT on 27-29
October.

e Dr. Rehbein met with Todd Barszcz at the USCF on 30 October.

e Dr. Rehbein met with Amy Jamison on 31 October to discuss a science communication project
for her class.

Nate Byers, Molecular Biologist
Mentored SR students; Sydney and Clara
Concluded mosquito trapping and arbovirus testing for this year
Compiled trapping method summaries from UMAA districts for Crystal Hepp’s WNV sequencing
paper
Finished sequencing Thomas & Nadia’s plant DNA from sugar-fed mosquitoes
Shipped samples on dry ice to Karla Saavedra-Rodriguez & Greg Ebel
Shipped wing samples to Brian Foy

Met with Sam Rund (video call) 17 Oct 2025

Presented RaHPVec aerial trial data at NWMVCA 22-23 Oct 2025
Presented RaHPVec aerial trial data at UMAA 28-29 Oct 2025
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3. Field Data:

Control:

ACRES TREATED
Adulticide Larvicide
Ground Aerial Ground Aerial Total
October’s Total 0.00 | 10,240.00 69.47 200.00 | 10,509.47
October’s 3 Year 48479 | 10,240.00 76.10 0.00| 10,800.89
Service Requests:
MOSQUITO SERVICE OPPORTUNITIES RECEIVED BY MONTH
March Aprii May June July Aug. Sept. Oct. Total
2025 5 1 40 44 22 25 23 3 173
3-Year Avg. | 4.00 11.33 | 26.33 | 40.00 | 34.00 | 19.33 | 9.67 | 20.33 | 164.99
Inspection and Surveillance:
Larval Collections

. 5-Year

Species October Average
Ae. campestris 0 0.0
Ae. dorsalis 11 0.8
Ae. fitchii 0 0.0
Ae. increpitus 1 0.0
Ae. nigromaculis 0 0.0
Ae. niphadopsis 0 0.0
Ae. sierrensis 0 0.0
Ae. melanimon 0 0.0
Ae. vexans 0 0.0
Cx. erythrothorax 15 0.6
Cx. pipiens 9 2.2
Cx. tarsalis 12 5.2
Cx. salinarius 2 0.4
Cs. impatiens 0 0.0
Cs. incidens 1 1.0
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Cs. inornata 10 14
An. freeborni 0 0.0
Total 61 11.6

Weather:

October’s weather was the exact average (54.6°) and wetter (by 3.86”) than normal.

Temperature:

September
October

https://www.weather.gov/wrh/Climate?wfo=slc

Precipitation:

September
October

https://www.weather.gov/wrh/Climate?wfo=slc

Monthly Avg. Normal High Low
72.2° 68.4° 94° 50°
54.6° 54.6° 85° 30°

Total for Normal Most in 24 hours
Month
0.42” 1.06” 0.27” on 30t
5.12” 1.26” 247" on 4th

Great Salt Lake (elevation in feet above sea level):

2024
2025

Sep 1 Oct 1 Nov 1
4,192.9 4,192.5 4,192.2
4,191.5 4,191.0 4,191.2
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Does the fungus among us increase trap fidelity? Mycelium
carbon dioxide generators for mosquito (Diptera: Culicidae)
traps in two ecoregions of the United States

D. Christian Furness'"*, Maggie Liu"’, Kai Blore'?, Nathaniel M. Byers' ™, Whitney A. Qualis?,
Ary Faraji'- ™, and Christopher S. Bibbs*"-

1Salt Lake City Mosquito Abatement District, Salt Lake City, UT, USA
?Anastasia Mosquito Control District of St Johns County, St Augustine, FL, USA

*Corresponding author. Salt Lake City Mosquito Abatement District, 2215 North 2200 West, Salt Lake City, UT 84116, USA (Email: chris@slcmad.org;
cshibbs@outlook.com).

"These authors contributed equally to lead and investigation.

Subject Editor: Lawrence Hribar

Mosquito control programs deploy mosquito traps for surveillance and targeting of vector mosquitoes. The primary attractant
in these traps is generally carbon dioxide (CO,), which acts as a powerful long-distance lure. Historically, dry ice and com-
pressed gas have been accessible as lures, but they may exhibit logistical hardships (storage, safety, equipment, calibration,
consistency, etc.). Additionally, the aforementioned standards can be inaccessible in remote or low-resource environments.
Microbial lures have often been proposed to bridge this gap, but prior options, such as yeast, have proven inferior compared
to traditional CO, lures. However, a mycelium-based CO, generator, the Exhale CO, Bag, is now commercially available. Initial
studies suggested this product may be suitable for mosquito surveillance. To validate this, semi-field cage assays were con-
ducted in Florida by releasing several species of vector mosquito into enclosures to be recollected by either Biogents or
United States Centers for Disease Control and Prevention (CDC)-style traps paired with the Exhale, gas cylinders, dry ice, or
unbaited. Dry ice and compressed gas performed equivalently, with Exhale collecting 25% to 50% fewer mosquitoes, and
unbaited traps collected 10% to 30% fewer than Exhale. Additionally, field testing in Utah, with traps deployed across rural
wetlands, industrial transition areas, and urban metropolitan areas, all yielded the same result: the Exhale mycelium and
unbaited traps collected an average of 35 or fewer mosquitoes, as compared to regulated gas CO, traps collecting 1,000 to
3,000 mosquitoes in the same areas. Though some merits exist for a mycelium-based trap, the current data and recent lit-
erature fail to support this technology for host-seeking traps in existing mosquito surveillance programs.

Keywords: CO,, surveillance, urban, rural, Aedes, Culex, host-seeking

Introduction cylinders can also be used to deliver a more regulated output
(Reisen et al. 2000, Brandow et al. 2025).

There are instances where neither of these options are a reason-
able solution, such as when operating in resource-poor environ-

ments or when technical maintenance and cost can be limiting

Mosquito surveillance networks provide essential data for
enhancing quality of life and reducing the risk of mosquitoes
and their associated pathogens (Connelly et al. 2020). Curated
longitudinal information identifies changes in species, numbers,

and local-level movement across habitats, all of which can be
used for targeted treatments against larval and adult mosqui-
toes (Drakou et al. 2020, Aryaprema et al. 2023). Lures are an
essential part of effective surveillance for hematophagous
insects, with carbon dioxide (CO,) being among the most sig-
nificant enhancers of trap utility against mosquitoes since its
discovery as an attractant (Reisen et al. 2000). Despite this,
access to CO, generators for traps can be a limiting factor for
programs globally. Dry ice is a common and simple means of
adding CO, as a lure to a trap (Magnarelli 1975, Feldlaufer
and Crans 1979, Reisen et al. 2000), while compressed gas

(Steiger et al. 2016, Jerry et al. 2017). Baiting with CO, can become
difficult when equipment has many moving parts, when cost
becomes detrimental at a scale needed for routine monitoring, or
cumbersome logistics from technical limitations such as storing dry
ice safely for long-term use or keeping regulated systems calibrated
(Brandow et al. 2025). These are rarely a fatal limitation when
working in developed countries with significant infrastructure.
However, even in highly developed regions such as the United
States, there are contexts where it is valuable to simplify the tools
when scaling up, for the risk of having a significant loss of data
from equipment malfunction (Ritchie et al. 2007, Chen et al. 2011,
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Furness et al.

Fig. 1. A) Outdoor screened enclosure for semi-field bioassays; hosted at the Anastasia Mosquito Control District of St Johns County (Florida). B)
Interior view of screened enclosure with planted grasses, shrubbery, and a 3m x 3m square patio with a shade roof interior to the screened enclosure.
C) Dimensional layout of experiments using the 6mx 12m x 6m interior space. Mosquitoes were acclimated and released in the central patio.
Experimental lures were rotated among the far corners of cage when paired with either CDC-style miniature traps or Biogents Sentinel Mkl| traps.

Crepeau et al. 2013). This risk for any program leads to universal
interest, and in some cases, necessity (Steiger et al. 2016, Jerry et
al. 2017), for having a relatively stable and easy-to-work-with
material that can be converted to CO, when needed.

Microbial lures have generally been the proposed solution
for operational mosquito surveillance, with examples stem-
ming from cheese fermentation (Peach et al. 2021), yeast (Stei-
ger et al. 2016, Jerry et al. 2017), and now mycelial lures (Kim
etal. 2025). In a resource-deprived context, any lure that may
enhance capture is better than an unbaited trap. However,
these alternative CO, generators may also experience prob-
lems, such as continuous rates of CO, output (Steiger et al.
2016) and reduced or negligible efficacy when compared to
other lures (Murindahabi et al. 2022). For mycelium specifi-
cally, which produces CO, through its innate respiratory func-
tion, limited success has been demonstrated when using a
commercial greenhouse supplement, Exhale CO, Bags (Kim
etal. 2025). When mycelium-based CO, generators were used
with BioGents Gravid Aedes Trap (BG-GAT) traps as a passive
trap frame paired with Exhale bags, without infusion water,
collections of peridomestic mosquitoes were significantly
improved over standard usage (Kim et al. 2025). However,
host-seeking traps for the same target species were only mar-
ginally improved over unbaited counterparts (Kim et al. 2025).

Although the prior work with fungi has been a putative suc-
cess, additional data in a broader context for mosquito surveil-
lance are lacking. This is particularly important with the more
widely used miniature CDC traps, or in surveillance environ-
ments not explicitly prioritizing invasive and container-inhabiting
Aedes species. If mycelium-based CO, generators are more
logistically feasible because of shelf stability, long-term storage,
or simple usage, or effective enough to warrant cost analysis,
then even well-developed surveillance programs could benefit
from the shift in technology. We conducted a joint study
between the Anastasia Mosquito Control District (AMCD) and
the Salt Lake City Mosquito Abatement District (SLCMAD)
in caged enclosures to assess efficacy of the Exhale CO, Bags
for container-inhabiting mosquitoes. Additionally, we also
conducted field studies near wetland habitats for floodwater
mosquitoes using 3D-printed SL Traps (Bibbs et al. 2024), a
variant of miniature CDC-style traps.

Materials and Methods

Semi-Field Evaluations

Semi-field assays were conducted at the AMCD, St Augustine,
Florida, in 6mx 12 mx 6 m screened enclosures (Fig. 1A). The
screen enclosures are permanent outdoor fixtures constructed
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Fig. 2. A) subsection of the service area for the Salt Lake City Mosquito Abatement District (Utah), with rural (1), industrial/transitional (2), and urban/
peridomestic (3) mosquito habitats labeled for use during field trapping. B) An example of a commercial mycelium lure, the Exhale CO, Bag, affixed to a
CDC-style miniature trap (3D-printed SL Trap) in rural wetlands. C) An example of a standard operation SL Trap in an industrial area with CO, dispensed at
300ml/min from a pressurized gas cylinder. D) An example of an unbaited SL Trap in an urban sampling location. Surveillance data geomapping was

compiled in VectorSurv and rendered in Tableau.

with aluminum frames and 20/20 coated fiberglass mesh. Inte-
rior space was planted with grass, harborage vegetation, and
a 3mx3m square patio with a shade roof (Fig. 1B). Experi-
ments were conducted in two enclosures simultaneously, using
one for miniature CDC-style traps without the light (Model
512, John W. Hock Company, Gainesville, FL) and one for
Biogents Sentinel (BGS) traps (MKII Biogents Mosquito Trap
Systems, Regensburg, Germany). Four traps were placed in
each enclosure (Fig. 1C) one in each corner) and paired with
one of the following lures: negative control (no CO, source);
compressed gas CO, tank fitted with a regulator (Le Tkingok,
Shenzhen, Guandong, China) and flowmeter calibrated to out-
put 500 ml/min (JJAWANSHUN, Feng, Xing, China); 453 g dry
ice loaded into a vented 3L water container (Igloo, Katy Texas,
United States); and the Exhale CO, Bag (20.32cm x 12.7 cm x
35.56cm, 1.81kg, pre-activated version; Garden City Fungi,
Missoula, MT, United States). The Exhale bag was allowed to
prime for 2 weeks prior to inclusion in the study. Release rates
for pressurized gas were based on a range of accepted opera-
tional norms that are common to mosquito surveillance (Reisen
et al. 2000, Bibbs et al. 2024, Brandow et al. 2025).

Three species were tested in AMCD: Aedes aegypti (Orlando
1952), Aedes albopictus (Gainesville 2003), and Culex quing-
uefasciatus (Gainesville 1995 + Ocala 2003). All species were
reared at AMCD insectaries under standard conditions:
26.6+1.5°C,75+10% RH, and 14L:10D photoperiod. Female
mosquitoes aged 3 to 10days, non-blood-fed, and sugar-starved
for 12 to 16 h were used for each trial. A total of 250 female
mosquitoes per species were simultaneously released into each
enclosure (750 mosquitoes total) at the entrance point starting
at approximately 5 PM and collected at approximately 8 AM

the following day. After 15h of study collection time, traps
were collected and contents placed into a =20 °C freezer for a
minimum of 1 h to kill all mosquitoes prior to counting. Trials
were replicated 10 times throughout April and May of 2024,
randomizing trap corner placement and treatment assignments
to control for potential bias between cages, trap position, and
environmental conditions. Average condition in the cages was
23.9+1.7°C, 84+6% RH, as measured using a free-standing
weather station (2000 series Watchdog, Spectrum Technologies
Inc., Aurora, IL).

Field Evaluations

Field testing was conducted at the SLCMAD near freshwater
wetland habitats on the outskirts of the Great Salt Lake, Utah.
Field tests followed methods adapted from Harker et al. (2024).
In brief, trap-poles were mounted on rebar with a minimum
of 50m of distance between any given trap location. The
in-house manufactured SL Trap (Bibbs et al. 2024) was
mounted on poles with corresponding lures and allowed a 24-h
run cycle from 8 AM to 8 PM for each trap night of data. The
positive control was regulated CO, dispensed at 300 ml/min
via pressurized cylinders and no light (Bibbs et al. 2024, Harker
et al. 2024). Negative controls were completely unbaited, with
no lure or light. The mycelium comparison group was the
Exhale CO, Bag (20.32cm x 12.7cm x 35.56cm, 1.81kg;
pre-activated version; Garden City Fungi, Missoula, MT,
United States) after allowing 2 weeks of growth at room tem-
perature to become primed to readily express CO,.

Clusters for testing were rotated among three distinct areas
in the Great Salt Lake area of Utah (Fig. 2A). Site 1 represented
a strict rural mosquito population, far away from industrial
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Fig. 3. Recapture efficiency when using CO, expressed from a gas cylinder at 500 ml/min, 4539 of dry ice loaded into a venting 3-L cooler, a commercial
mycelium (the Exhale CO, Bag), or an unbaited negative control. Semi-field assays were conducted within outdoor, screened enclosures by simultane-
ous releases of 250 each of Ae. albopictus, Ae. aegypti, and Cx. quinquefasciatus, where they were exposed to abiotic conditions in north Florida. Tests

were replicated 10 times and analyzed with two-way ANOVA for A) Biogents Sentinel Mkl (£, ,,; = 16.6232, P<0.0006) and B) miniature CDC traps
(Fyg110 = 74609, P<0.0005). Bar graphs are shown with I-bars as the standard error of the mean.

Fig. 4. A) Collection efficiency when using CO, expressed from a gas cylinder at 300 mi/min, a commercial mycelium, the Exhale CO, Bag, or an
unbaited negative control when using a CDC-style miniature trap (3D-printed SL Trap). Field trapping was replicated 8 times per site, with only data from
the standard CO, lure found to be significant across rural, industrial, or urban (F, , = 12.393, P<0.0001) field sites. Bar graph is shown with I-bars as the
standard error of the mean. B) Species composition using mean collection data at each site. Collections tended to be nearly monotypic, with Ae.
dorsalis, Cx. tarsalis, and Cx. pipiens being dominant at rural, industrial, and urban locations, respectively. This tendency was the same regardless of the
lure used. Surveillance data geomapping was compiled in VectorSurv and rendered in Tableau.
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centers and in the middle of managed wetlands (Fig. 2B); Site
2 represented an industrial-rural transition zone (Fig. 2C),
where human development was extensive but natural swales
and ditches still intermixed with the available habitat; and Site
3 represented an urban/suburban mosquito habitat within per-
idomestic human environments (Fig. 2D). Traps were rotated
among the intra-site locations at each replicate, with 9 repli-
cates per urban, industrial, and rural site, conducted through-
out June (25.3+£3.2°C, 39+20% RH), July (27.5+2.1°C,
29+23% RH), and August (25.5+5.4°C, 41+15% RH) of
2024 with environmental conditions noted through local
weather services. Adult mosquitoes were anesthetized at -80°C
and then counted using a hybrid camera and microscopy sys-
tem (Kesavaraju and Dickson 2012, Faraji et al. 2025). Species
identifications were rendered using published dichotomous
keys (Darsie and Ward 2016).

Data Analysis

Semi-field assays in walk-in flight cages were analyzed using a
mixed effects two-way ANOVA whereby the first variable (lure
type) was fixed but the second variable (# collected of given
mosquito species) was randomized to observe the between and
within subject variances, respectively, while treating species
collected as a repeated measure. Bonferroni corrections were
applied during main effects analysis to account for possible
non-independence related to lure types being tested in the same
enclosures. Because of significant non-normal skew in data,
field data were analyzed by site with the non-parametric
Aligned Rank Transform test using site and lure type as the
main variables. Post-hoc analysis was performed with full fac-
torial ANOVA and ranked comparisons to separate main
effects from interactions. All statistical analyses were conducted
using R v. 4.2.0 (R Core Team 2022).

Results

During semi-field cage assays in Florida, lure type used was
significant to the collection totals for either the BG traps (Fig.
3A; F =16.6232, P<0.0006) or miniature CDC traps (Fig.
3B; Fyy 1= 74609, P<0.0005). For BG traps, neither the spe-
cies of mosquito tested (P <0.915) nor the interactions between
mosquito species were significant (P=0.9374). For CDC-style
traps, Cx. quinquefasciatus was collected to a more significant
degree than either Aedes spp. tested (F, ,, = 4.046, P<0.0216),
while the interaction between species was not (P=0.5021). In
the case of either trap type, collections of all species from low
to high trended as negative control < Exhale mycelium < gas
cylinder CO, = dry ice (Fig. 3). Though statistically significant,
the collections of Ae. albopictus and Ae. aegypti in CDC traps
using the Exhale mycelium averaged fewer than 10 mosquitoes.
With Cx. quinquefasciatus in CDC traps, or for all species in
the BG traps, the Exhale mycelium was 3 to 10 times greater
than the unbaited collection numbers, but was still only half
the collection numbers as of either CO, from gas cylinders or
dry ice. Given the statistically insignificant difference between
CO, from gas cylinders and the dry ice, only the pressurized
cylinders were used in the field in Utah to reduce complexity.

Collections of wild mosquitoes in the field resembled the
trends of the semi-field assays, but with 10 to 35 times greater
mosquito totals (Fig. 4A). The standard CO, lure at 300 ml/
min was the only lure to collect significantly more than an

39,119

unbaited trap, regardless of trapping in rural, industrial, or
urban (F, , = 12.393, P<0.0001) field sites. The mosquito col-
lections by CO, lures varied significantly by site (F

163 = 12,4494, P<0.0002), with rural > industrial = urban,
while unbaited traps and the Exhale lure were consistently
equivalent to each other regardless of site. Although wild pop-
ulations may be mixed, the field sites tended to be biased
toward one or two common species (Fig. 4B). At rural site 1,
over 75% of collections comprised Aedes dorsalis (Meigen)
with some presence of Aedes vexans (Meigen) and Culiseta
inornata (Williston). The industrial and urban transitional
areas were dominated by Culex tarsalis Coquillett with inter-
mittent Ae. dorsalis collections. The urban and peridomestic
areas were primarily Culex pipiens L., with occasional collec-
tions of Cx. tarsalis and Cx. inornata. Collections in a given
night ranged as high as 4,982 (rural), 4,066 (industrial), and
2,238 (urban) mosquitoes in a single trap night of collection.
Collection diversity was nearly monotypic, regardless of the
lure used, with respective site diversity (rural =3, industrial =2,
urban =3) conserved between Exhale and CO,. Unbaited traps
typically collected no mosquitoes, but when they did, they
caught the same number of species in single-digit totals.

Discussion

The mycelium-based CO, generators were not a competitively
effective lure when paired with commonly used host-seeking
traps. The BG traps were more effective than CDC-style traps
when paired with the Exhale mycelium. However, the
percentage-wise change in collections between more abiotic
CO, generators and an unbaited trap showed the Exhale CO,
Bag to be consistently lower than conventional lures when used
with the BG trap or a CDC-style trap. The finding that Cx.
quinquefasfasciatus were collected more in the CDC-style trap
than the tested Aedes spp. is consistent with the frequent diffi-
culties of invasive, container-inhabiting Aedes (Steiger et al.
2016, Kim et al. 2025). The disparity in collections by lure type
was exacerbated in the field, where the Exhale mycelium did
not statistically improve collections over an unbaited trap,
regardless of site-based effects. This could be due to many fac-
tors, such as poor spatial reach of the lure in an open environ-
ment and/or stronger competing CO, signals from adjacent
areas that eclipsed the emissions from the mycelium. The CO,
lure having increased collections in the rural site is indicative
of the increased general mosquito abundance in that site type.

The Exhale mycelium product, as used in this study, con-
tained 1,814.4g of mulch. It is generally accepted that wood
contains an average of 50% releasable carbon from dry mass
(Doraisami et al. 2022). This results in 907.2 g of hypotheti-
cally releasable carbon. With the molecular density of carbon
at 12.011 g/mol, and of CO, at 44.009 g/mol, there is a maxi-
mum potential for 3,324 g of CO, to be available from each
Exhale Bag. If we rationalized emissions across 30days to
expiry, we can expect 39.26ml/min of CO, at maximum.
Whereas host-seeking traps need to use much larger CO, sig-
natures, reaching 300 to 800 ml/min to simulate one or more
large animal hosts (Reisen et al. 2000). The product is marketed
at a 60-day lifespan, which would half the emissions rate,
assuming all the considerations are reasonably linear. This low
emission is theoretical, but, if true, is not currently realistic to
use in the field for host-seeking mosquito traps.
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Despite this, Kim et al. (2025) found meaningful improve-
ment in collections in both cage assays and field settings in
Florida when they paired the Exhale mycelium with a BG
gravid Aedes trap. Their use of the BG-GAT was passive, omit-
ting the infusion water. Consequently, one could interpret the
authors’ use to be akin to a passive host-seeking trap, or to
have used the mycelium as a surrogate for the infusion water.
In either case, results were statistically significant over unbaited
equivalents. Ordinarily, host-seeking traps require 8 to 20 times
greater output than what the mycelium could theoretically
release in its current form. The passive nature of the BG-GAT
is reminiscent of yeast-based live-collection traps that have
found success in other regions (Steiger et al. 2016). However,
the low CO, emission could potentially provide another angle
to supplement surveillance.

Although neither Kim et al. (2025) nor this study directly
tested gravid traps in conventional usage with organically
enriched water (Reiter 1983), the low levels of CO, generation
from the Exhale bags may be analogous to CO, output from
bacterial decay processes in typical infusion water (D'Jests
et al. 2006) or natural pond habitats (Girard et al. 2024). The
mycelium could enhance gravid trap efficacy with a low level
of CO, expression, below a host cue, to stimulate mosquito
interest in the water. After all, confirmation of oviposition
sites seems to be verified through a menagerie of cues by
gravid mosquitoes (Bentley and Day 1989, Rejmankova et
al. 2005).

Unfortunately, as a strictly host-seeking mosquito lure, a
mycelium-based CO, generator seems to encounter the same
pitfalls as other microbial lures for mosquito surveillance
to gauge biting pressure. Other microbial CO, generators
have required a bulky amount of starter material (Steiger et
al. 2016) and may still result in very low actual mosquito
numbers in traps (Murindahabi et al. 2022) for reasons that
are not always clear. Even for this specific mycelium option,
the Exhale bags, the findings by Kim et al. (2025) were the
first to show modest, insignificant improvement in captures
with BG traps and low, even if significantly improved, cap-
tures in BG-GATs. When taken at the counted values, the
Exhale lures performed the same in this current study; mos-
quitoes were collected in the dozens. In contrast, standard
practices with abiotic CO, generators collect thousands of
mosquitoes.

A case can be made that the absolute number of mosquitoes
is less important than maintaining metrics on population
trends and species diversity (Bibbs et al. 2024, Harker et al.
2024), but programs must decide on an individual basis
whether the collections achievable with the Exhale lure will
suit their goals, such as trends in abundance, diversity checks,
or pathogen detection. Certainly, some specific utility still
exists for using Exhale bags with gravid traps (Kim et al.
2025). Furthermore, mycelium lures are comparable to yeast
lures and can be used in low-resource programs or remote
environments that simply cannot deploy compressed gas or
dry ice. Future work should focus on engineering
mycelium-based lures with higher CO, output and exploring
pairing strategies with gravid traps. However, based on the
current data and how it reconciles with other literature, the
Exhale CO, Bags are currently not a replacement for conven-
tional CO, sources in host-seeking traps within areas with
access to adequate infrastructure.
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