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Abstract

MAQS+beta product namejs an extended shelf life fornhation of the honey bee mite control
productMite Awayt Quick Strips (MAQS). Thkeshnology developed by NOD Apiary Products
Ltd. (NOD)isdesigned to release formic acid vapours over time in the brood rearing zone of
honey bee hivesMAQS+ strips arappliedin the bee hivesn the same way as MAQ®hich is

by laying theready-to-useflexible saccharide gel stripsvrapped in the patented wicking
compostable Ecopapgacrosshe top bars of brood frames in Langstroth, Dadant, or
equivalent movable frame hive®ne dose is two strips.

Honey bee colonyolerance of the MAQS technology applied at high temperatures was
determined in the field@search conducted in 20692010 prior to applying for product
registrations. To generateambient temperatureolerancecomparison datavith the extended
shelf lie formulation, in May 2019NODconducted a siddy-side upper temperature limitield
study. Ambient temperatures were logged in the bee yard using an electronic HOBO data
logger and compared tenvironmentaldata (temperature and humidityjrom the local
weather station. Additionally, to determine formic aesidporlevels in thetest producttreated
hives verse$M1AQS versesontrol (placebo)ives, air samples were drawn from the brood
rearing zone of théeehives usingalibratedDrage®air samplingubes. Colonies were
monitored over a #veek period beingassessegre andposttreatment for disease presence,
colony strength, queen healtlactivity in queen celland success of any queen supersedure
activity. The results are preseute

Introduction

Since its development 2008 NOD Apiary Products Lfdsaccharide gel formic acicrroa
control product Mite Away Quick Strip8lIAQS has beerevaluated andyranted market
authorization in 22 countries around the world. MAQS has-m@8th shelf life when stored at
G S Y LIS NI (i dzNB shelbtfe imitationsba seasdnally used produsasprovento be a
challenge for distributors, especially in warménmates. In responsé&NOD Apiary Products Ltd
(NOD)eveloped an extended shelf life formulatiby adding a stiffener and a binder the
MAQSformulation during thegel manufacturing stage, giving the end prodigss constraining
storage characterists and a longer shelf liféelhebeta nameof the revised formulation
productwasMAQS+ or MAQESL Each strip of MAQS+ contains the same amount of active
ingredient, 68.2 grams of formic acid, as MA@S.with MAQS hte excipientsn the extended
shelflife formulationare saccharides.



For MAQShithefield studies conductedo determine honey bee colony tolerancetbe active
ingredient it was determined thatvith daytime temperature highs of up ta?3 Celsius during

the first three days ofreatment with a full dose (two stripgachcontaining 68.2 gramsf

formic acid) the formic acid vapors released from the strypsre well tolerated by the colonies
and did not have a negative impact on colony health, as long as the prappktation

directions werefollowed. However,due to beekeeper concerns around initial colony responses
above that temperaturgsubsequently the label was modified to an upggemperaturelimit of
29.5°C athe time of application

In thiscurrent study, he sameuppertemperature constraints for MAQS+ are sidgside field
tested with MAQS in the spring of 201Efficacy could not be assessed by monitoring mite
mortality due to a low prevalence of varroa mitdgyweverupper ambient temperature
toleranceby the coloniesand inthe brood-rearing zone formic acidapourlevels could be
assessed, whichare indicative of how effective the formic acid products would tr@llowup
studies, when varroa levels are adequéteconfirm theefficacy assessmerdyeto be
conducted.

Materials and Methods

Pretreatment (Day-1): On #May 2015 eighteen queerright colonies of varying strengsh

residing in a sheltered bee yard located in the Township of StiReagdon Ontario, Canada,

ones with exposure to direcunlight, were evaluated and sorted into three treatment groups.
Eightstandard Langstroth type hives in each group reedtreatmentwith2 y S 2F b h5Qa
formic acid geproducts being comparegplus there were two hives for controlghich
receivedplastic strips as placebo<Of theeighthivesin each treated grougwo were

comprised of double brood chambers astk were single brood chamber hives. The spring
dandelion flow was just underway, so each hive also received a single standard Langstrot
honey super over a queen excluder. Each hive was checked to ensure adequate feed reserves
were present, andhe colonieswvere examined foryanptomsof disease. Noysnptoms of
diseasewere observed.

A 3/8-inchhole was drilled into the rear of the brood chambers, aligned to be cetartie
brood rearing zone of eaatolony. The hole was taped over to discourage itshysthe bees

as an entrancewhile making it readily available for insertion dDeiger®tube for taking in

hive air samples.At 13:00 PM &dOBO®lata logger was installed in the shade on the North
side of the yard, approximately one meter above the groumtde weather forecast for the next
few days was for daytime highs at or just above@08o suitable for conducting the study.

As in the previously reviewed studies for MAQ&ge®air
samplingtubes for formic and acetic acid were used to .
determine formic acid levels in tHeood chamber ai(Figure  +-
1). The formic acid tubes are calibrated up topHsts per ;
million (ppm), the acetic acid tubes are used foeasuring
higher levelof formic acid The calibration lines go up to 80
ppm. At times the formic acid levels reawd exceeded the 80 =
ppm line onthe tube.If the chemical colour change was withirg

Figurel: Use of Drager tubes



a third of the remaining cstals it was recorded as 90 ppni.not all of the remainingrystals
dismloured it was noted as 100 ppm,; if all of the remainingstals disctoured after the
required three pumps of the calibrated vacuum pump it was noted as 110 ppm.

Application (Day 0On May &, just after nooron a sunny daya pre-applicationair sample
wastakenfrom eachhive. The bees were actively foragingfter all the pretreatment air
samples were takethe hives were opened up and two strips of test product per hive were
applied as per the MAQS lal{sIngle application of a full dose)

The test product strips were weighed at the time of applicatidror the control hivegplastic
placebo strips were applied. The time of application was n@deéach hive. &raging activity
was notedone hour after formic acid produetpplication, and a single pump of tibeéger®

pump was taken to asseti®e initial release of formic acid vapours into the brood rearing zone.

Figure 4: Technicians Ted Cooper and Holly Pa
after product applicationsThe lees were calm

N s

ire2: Prouct Appliction ’
Treatment PeriodFor the next seven days-iive air samples were taken in the morning,
starting before 08:00, sbefore bee flight for the day had started®®hotos were taken of the
hive entrances to indicate overnight-iive beemortality on the first and second mornings
after product application




Post treatment examsOn Dayg 10 andlL1 the spent strips were removed from the hives and
weighed. The colonies were examined to assess treatment impact. On Dayné&5jhe
three colonies that did not havierood at all stagepresent(eggs, larva and cappedr had
signs of poor queen healtht the time of the post treatment examvere reexamined for
gueenrightness and queehealth.

Resultsand Discussion

The raw data is aopiled and presented in thBhase JAppendix. Chat 1 is the YardActivity
ScheduleGraph lis the Ambient Environmental conditionSraph2 is theaverageformic acid
vapour levels found in the brood rearing zoneeathtreatment group,Chart 2is the formic
acid vapour levels found in the brood rearing zone of each hivepesdlctweights preand
post-treatment, Chart3 is the onehour post application formic acid level increase indicator
data,and Chart4 is the colony tolerancérood, stremgth and queen cell activitgnd queen
vitality (age, brood volume and patterdata. Some elevatedh-hive bee mortality was
observed at the hive entrancés the morningfor the first two days of treatmentpAppendix
Figure 1. Treatmenmaytriggersupersedureof fragile queengAppendixFigure 2.

Spring weather in Canada is highly variable. The first three days of the study were in the heart
of a heat wave, with temperatures just over 33°C at the site at the time of product application,
so this host species high temperature tolerance study is densd to have been conducted

under worstcase scenario circumstances because the release of formic acid vapours declines
rapidly after the first three days. It is interesting to note that on the morning of Day 6, a light
frost was observed on the ground.

To summarizewith daytime temperatures peaking at 33.5°C on the day of applicatrahthe
heat wave continuing for a couple of days after applicattbe study was conducted under
conditions that were suitable to determine colony tolerance to the temlbgybeing assessed
The formic acid levels in the brood rearing zones one hour after product applisatere very
similar, although MAQS+ was, on average, slightly lelaaax MAQS Over the 7day monitored
period the formic acid levels in the broodaring zonswere essentially identicdbr the two
products. There werao differencesn formic acid concentratiobetween single atdouble
brood chamber hivesyr between the deptls of rims on the solid bottom boards used (0.5 inch
and 0.75 inchims). By Day 7he formic acid levels had almost dropped to naturaltgarring
levels;the strips were considered to be spent

Queen supercedure was triggered in one of the MAQS treated colonieis ane of the

MAQS+ treated colonies, plus one queeithe MAQS groupvas physically damaged by the
beekeeper during the prereatment colony exam and was subsequently pinched by the
beekeeperpost treatment A queen cell was inserted into the hive, which succesdfialighed.
The new queersuccessfullynated andheaded the colony going forwardill of the effected
gueens could be considered as fragileqm@atment: one due tanoted physical damage that
occurred during the préreatment exam (Hive #68), one that was failing and being chewed on
by the bees (Hive #93), and one with poor brood production (Hive #89). All three colonies
successfullgupersededhe struggling queens, leaving the colonies in a more viable cuiggn
condition going forward.Setting aside the queen that was damaged by thekeeper, which



survived treatment, to summarize the comparison between MAQS+ and MAQS, one colony in
each of the MAQSand MAQS treatment groups had eventualccessful fragile queen
superceduraunderway during treatmentlikely triggered bythe applicaton of the treatment

The natural bee birth and death rate is 1,000 to 2,000 bees per day. Most bee mortality occurs
outside of the hive, so is not observed by the beekeeper. With treatmesttpa-term

increase in irhive bee mortality may be observed the hive etranceswith both products,
however, by the third day there was no discernable difference between the treated colonies
and the controls. Thaverage colony strength grew during the atenent period in all three
groupsevaluated as to be epected in the spring. Colony strength (bee total) data on the

MAQS treated colonies went from 16.8 to 17a@h the MAQS+ treated colonies it went from

15.2 to 166. Some colonies were so stropgst treatmentthat they needed immediate

attention if swaming was to be avoided desirable situation

Conclusion

Under the highambienttemperature conditions underway at the time of application and into
the treatment period, the colonies handled both the MAQS and MAQS+ treatments well,
coming out of treatment stronger and more viable than they wentTherefore no change
should be requied on the label for the upper temperature limit of MAQSarmic acid levels
recorded in the brood rearing zone are deemed similar between MAQS and MAQS+ and
thereforethe release of formic acid from MAQS+ strips shoulddequate to provide an
effective treatment. This will be further evaluated in subsequent studies where higher levels
of varroa mites are present.
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Chart 1: Yard Activity Schedule

Confidential Data,

Property of NOD Apiary Products Ltd., Frankford, Canada.

MAQS vs MAQS+ Hot Weather Tolerance Study, May 2015

Location:
Field technicians:

Howes yvard, =4 KM north of Stirling, Ontario
David, Holly and Ted.

Yard Activity Schedule

Day

Date

Thursday, May 7, 2015

Select 18 queen-right colonies in the yvard, assessed strength and sorted into
treatment groups. 8 hives in each group receiving treatment, & are single
BC, 2 hives are two BCs, plus 2 control hives. No apparent sign of disease.
Ensured the hives contain adequate feed. Mote: Dandelion flow underway.
Each hive has 1 standard honey super over a queen excluder. Installed the
HOBO data logger in the shade on the N side of the yvard at 13:00.

Friday, May 8, 2015

After lunch start, hot and sunny, occasional light breeze. Bees active.
Product applied after in-hive air samples taken, two strips per hive. Strips
weighed at time of application. One hour observations after application, all
entrance activity was normal, no agitation, foraging continuing. An in-hive
air sample was taken, a single pump rather than 3 pumps on an 80ppm

[y

Saturday, May 9, 2015

In=-hive air samples taken in the morning before bee flight. Photos taken of
entrances to indicate overnight in-hive mortality.

[ 2%

Sunday, May 10, 2015

Irm=hive air samples taken in the morning before bee flight. Photos taken of
entrances show no overnight in-hive mortality.

fonday, May 11, 2015

In=hive air samples taken in the morning befare bee flight.

Tuesday, May 12, 2015

In-hive air samples taken in the morning before bee flight.

‘Wednesday, May 13, 2015

In-hive air samples taken in the morning before bee flight.

Thursday, May 14, 2015

In=hive air samples taken in the morning befare bee flight.

Friday, May 15, 2015

In-hive air samples taken in the morning before bee flight.

Saturday, May 16, 2015

= R R S R

Sunday, May 17, 2015

10

fMonday, May 18, 2015

Spent strips removed and weighed. Colony exams conducted to assess
treatment impact.

11

Tuesday, May 19, 2015

Spent strips removed and weighed. Colony exams conducted to assess
treatment impact.

10



Graph 1 Ambient Environmental Conditions

Comparison Between Local Weather Station Data and In Yard Data Logger Results.
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Graft 2 Brood Rearing Zone Formic Acid Vapour Levels

Location: Howes yard, Stirling, Ontario, Canada
Ambient temperature data logger:  HOBO #10385717  Data logger put in shaded spot, = 1 meter above ground, at 13:00 hrs on D-1
MAQS Batch #: 15-089-1
MAQS+ Batch #: 15-106-1

Formic acid vapour in Brood Chamber air, ppm
roduct Pre-treat Day+1 Day+2 Day+3 Day+4 Day+5 Day+& Day+7
P ppm | 753 AM| 7:32 AM| 7:35 AM| 6:55 AM| 700 AM| 7:02 AM| B:25 AM
contral, n=2 5.0 2.0 2.3 1.8 2.0 1.8 1.5 1.8
MAQS, n=8 4.0 64.4 52.1 24.0 25.3 20.1 11.1 6.2
MAQS+, n=8 kX E7.8 480 205 24.0 179 123 17
MAQS v. MAQS+, May 2015 Hot Weather Application,
Formic Acid Concentration in Brood Chamber Air
BO.O
70.0
“ N
50.0
; / \
=%
= 40.0 / \
30.0
20.0 | ——
0.0 — ‘“""—‘--...._‘
——
oo S—
pre-treat | Day+l Days2 Day+3 Day+d Days5 Day+6 Day+7
ppm T:53AM | 7:324M | TASAM | B:S5AM | TO0AM | TO0ZAM | 6:25AM
m—control, n=2 5.0 2.0 23 18 2.0 1.8 15 18
AL, n=8 4.0 64.4 521 24.0 253 201 111 6.2
MAQS+, n=8 3.6 67.8 48.0 205 24.0 17.9 12.3 7.7
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MAQS vs MACS+

Chart 2: 7Day Treatment Formic Acid Vapour Readings by Hive (ppm) and Product Weightar®f&ost Treatment.

Location: Howes yvard
MAQS Batch #  15-0889-1
MAOS+ Batch # 15-106-1

Ambient temperature data logger:
Data logger put in shaded spot, ~ 1 meter above ground, at 13:00 hrs on D-1, 7-May 2015
Data logger remowved 20-May 2015 at 8:30 hrs.

Confidential Data, Property of NOD Apiary Products Lrd., Frankford, Canada.

HOBO #10385717

DaY+0: May 8, 2015

Formic acid vapour in Brood Chamber air, ppm

Hive BB | super Dose Pre-treat ler?- of Day+1 Day+2 Day+3 Day+4 Day+5 Day+é Day+7 recovered weight
ordr BC ) product applicati spent/chewead
# Rim on? [grams) PR THIAM | 7:32 AM | 7:35 AM | 6:55 AM | 7:00 AM | 7:02 AM A drop
o strips weight

5] 91 0.75 contral n/a 5 13:02 2.5 2.5 2.0 2.0 2.5 2.0 2.0 n/a n/a
9] & 0.75 control n/a 5 13:08 15 2.0 15 2.0 1.0 1.0 15 nfa nfa
1251 1 | 0795 Y MADS 286 2 12:53 52 55 36 27 27 13 3.0 164 122
21851 1 0.5 Y MADS 284 3 12:55 75 30 20 38 30 10 12.0 164 120
3|90 | 2 | 075 ¥ hACOS 2859 5 12:57 55 68 28 23 12 7 4.5 163 126
Bl 20| 2 | 075 ¥ hACS 282 4 13:07 70 70 20 12 12 10 3.0 151 131
14| 6B | 1 | 0.75 ¥ MADS 289 2 13:17 70 22 20 20 21 11 6.0 163 126
16| 38 | 1 0.5 ¥ MADS 282 B 13:20 40 41 12 2B 18 10 4.0 164 118
17193 | 1 | 0795 ¥ hACOS 284 & 13:22 85 59 31 34 20 18 12.0 162 122
8| 84 | 1| 075 ¥ hACOS 297 4 13:24 68 72 25 22 21 10 5.0 165 132

MADS 4.0 64.4 52.1 24.0 25.3 20.1 111 6.2 162.0 124.6

4171 1 | 0795 ¥ MAOS+ 320 4 13:00 45 62 20 29 17 11 7.0 229 91

Bl 2 1 0.5 ¥ MAOS+ 311 5 13:03 80 3a 15 24 20 14 11.0 211 100
7186 | 1 | 075 ¥ MACS+ 317 4 13:05 80 3l 26 20 20 16 9.0 207 110
1wl ee| 1 0.5 M MACS+ 315 4 13:10 110 85 30 42 30 23 17.0 209 106
11 51| 2 0.5 ¥ MAOS+ 323 3 13:13 37 27 22 25 16 11 50 207 116
12 29| 2 | 075 ¥ MAOS+ 313 1 13:14 50 51 17 12 12 10 4.0 206 107
13 BB | 1 0.5 ¥ MACS+ 311 4 13:15 55 50 24 30 21 10 5.0 157 114
150 10 1 | .75 ¥ MACS+ 313 4 13:18 85 40 10 10 7 3 35 209 104

MACS+ EX ) 67.8 48.0 20.5 24.0 17.9 12.3 7.7 209.4 106.0




Chart 3 Onehour Post Application Formic Acid Vapour Increase Indicator Reading

|MAE[5 v MADS+ |EI_I'|[ dential Data, Property of NOD Apiary Products Ltd., Frankford, Canada.
Location: Howes yard

fMAQS Batch #  15-089-1

fMAQS+ Batch # 15-106-1

DAY+0: May 8, 2015 Formic acid vapour in Brood Chamber air, ppm
Hive BE | super Dose Pre-treat time of 1-Hour after appl,
ordr # BC Rirm on? product [grams) ppm application 1st pump of 3,
ambient 33.52 C

5] 91 1 0.75 Y control nfa 5 13:02 nfa
9] & 1| 075 ¥ control nfa 5 13:08 nfa
1| 25 1 0.75 Y MACS 286 2 12:53 58
2185 | 1 0.5 ¥ MACS 284 3 12:55 50
3|80 | 2 | 075 ¥ rAACS 289 5 12:57 55
gl 20| 2| 075 ¥ MALCS 282 4 13:07 55
14| B8 1 0.75 Y MACS 289 2 13:17 45
16| 38 | 1 0.5 ¥ MACS 282 & 13:20 34
1783 | 1 | 035 ¥ rAACS 284 & 13:22 B2
18 B4 | 1 | 075 Y MALCS 297 4 13:24 48

Average| MACS 4.0 50.9

4 71| 1| 075 ¥ rMAOS+ 320 4 13:00 48
Bl 2 1 0.5 Y MAOS+ 311 5 13:03 35
7186 | 1 0.75 Y nAOS+ 317 4 13:05 44
10 B9 | 1 0.5 M| MAOS+ 315 4 13:10 58
11| 51| 2 0.5 ¥ rMAOS+ 323 3 13:13 24
12 29| 2 | 035 Y MAOS+ 313 1 13:14 40
13| 88 1 0.5 Y nAOS+ 311 4 13:15 48
15 10 | 1 0.75 Y hAOS+ 313 4 13:18 58

Average| MAQS+H 3.6 44.4




MAQS vs MAQS+

Location: Howes yard
MAQS Batch #  15-089-1
MAQS+ Batch # 15-106-1

Chart 4 Colony Health Exams Pend Post Treatment

Data logger remowed 20-May 2015 at 8:30 hrs.

Confidential Data, Property of NOD Apiary Products Ltd., Frankford, Canada.
Ambient temperature data logger:

HOBO #10385717
Data logger put in shaded spot, ~ 1 meter above ground, at 13:00 hrs on D-1, 7-May 2015

Pre-Tr Day 11 and Day 12 Exams
# frames
Hive BB Q-5een pre- #frames el Brood all | brood Q-Cell e Brood all S bees o .
o BC Rim Product |super on? - Queen age brood bees (SBC | bee total S v activity seen, Stages colony comments broad (SBC (out of .tolal, % Q-Cell activity
Full=10) photo [Max=10) 20) increase
ordr Full=10)
591 1 0.75 contral Y N unknown 7 9 16 Y solid ignored Y Y doing well, bees now side to side 7.0 10.0 17.0 6.3 ignored
9] & 1 0.75 ntral Y N unknown 5 8 13 Y solid ignored Y Y needed splitting, lots of eggs, young larva 8.0 10.0 18.0 38.5 ignored
Control Averages 14.5 17.5
1l 25 | 1 0.75 MAQS Y il 1 8 10 18 Y salid prepped Y Y needed splitting, lots of eggs, young larva 8.0 10.0 18.0 0.0 eggs in swarm cells
2195 1 0.5 MAQS ¥ ¥ 1 7.5 10 17.5 ¥ solid eggs ¥ ¥ lots of eggs & young larva 7.5 10.0 17.5 0.0 ignared
Queen slowing down, wings chewed, spotty laying pattern, may have
Yes, on end been damaged when rolled during D-1 exam. Decided to pinch 0, .
1468 ) 1 0.75 DA i bar, rolled ! 3 8 3 i spatty prepped i i replaced witﬁ a Q-cell. 25-Jun, CO|:I’\\¢' had 2 well mated Q.i frames 5.0 80 130 00 gnored
brood, 8 Fr. bees going inta honey flow as a productive colony.
16| 38 | 1 0.5 MAQS Y il 1 8 10 18 Y solid ignored Y Y very strong, needed splitting, lots of eggs, young larva 10.0 10.0 20.0 11.1 ignored
small, with Naq, ) Fragile queen was superseded, took a couple of frames of brood to
17| 93 1 075 MAQS ¥ ¥ chewed 50 8 13 ¥ solid ighored picture of no, just [ make up a.nul: with a cell as bal:kIJ.D..ZE-JUnE, colony Q-right .but weak. 4.0 80 120 77 many capped
splayed wings, capped | Good laying pattern, stremgth egivilant of a 4-frame nuc, will be full supersedue cells
fragile cells strength for August.
18| 84 | 1 0.75 MAQS Y il unknown 8 10.0 18 Y salid prepped Y Y strang colony, lots of eggs, young larva 8.5 10.0 18.5 2.8 ignored
3l 90| 2 0.75 MAQS Y il unknown 8 10 18 Y solid prepped Y Y very strong, needed splitting, lots of eggs, young larva 10.0 10.0 20.0 11.1 ignored
Bl 20| 2 0.75 MAQS Y il unknown 9 10 15 Y solid prepped Y Y very strong, needed splitting, lots of eggs, young larva 10.0 10.0 20.0 5.3 ignored
MAQS Averages 16.8 17.4
4171 ] 1 0.75 MAQS+ Y N 1 7 10 17 Y spotty ignored Y Y strang colony, lots of eggs, young larva 8.0 10.0 18.0 5.9 cleaning
Bl 2 1 0.5 MAQS+ Y N unknown 8 10 18 Y solid prepped Y Y needed splitting, lots of eggs, young larva 8.0 10.0 18.0 0.0 young larva
786 | 1 0.75 MAQS+ Y Y unknown 4 B 10 Y solid ignored Y Y still weaker hive but coming along 5.0 7.0 12.0 20.0 ignared
. Queen cell that had been present emerged and virgin was
capped and . no, just ) 3
10 83 | 1 0.5 MAQS+ N N unknown 3 4 7 Y solid larva Y, virgin capped subsequently mated into a well-laying queen. 25-lun, bees side to 3.0 5.0 8.0 14.3 Hatched cells
side, & frames brood productive colony going into honey flow.
13| 88 | 1 0.5 MAQS+ Y N 1 7.5 10 17.5 Y solid prepped Y Y needed splitting, lots of eggs, young larva 8.0 10.0 18.0 2.9 ignared
15/ 10 | 1 0.75 MAQS+ Y N 1 7 9 16 Y solid BEES Y Y needed splitting, lots of eggs, young larva 9.0 10.0 19.0 18.8 ignared
1)s1] 2 | o5 | maase ¥ N 1 8 10 18 ¥ solid ignored N y | Verystrong colony, split 4 ways. Lots of eggs, young larva. Followup 3|y | 450 | 99 | 111 ignared
days later, confirmed Q still present, many eggs.
121 29 | 2 0.75 MAQS+ Y N 1 8 10 18 Y solid BEES Y Y very strong, needed splitting, lots of eggs, young larva 10.0 10.0 20.0 11.1 ignored
MAQS+ Averages 15.2 16.6

MOTE: honey flow started during the treatment period, by the time of the colony exams surplus haney was being stored in the supers, with some of the colonies starting to cap the honey combs.




Appendix Figure 1Photos of In-hive Bee Mortality Seen at Hive Entrance Day
After Product Application

Photo ofhive entrance morning after treatment with MAC Photo of hive entrance morning after treatment with MAC

Appendix Figure 2Photos of Queen Status at end of Treatment

Figure 2 Photo 1: Queen supersedure cells 10 days )
MAQS application. In this study, all of the triggered Figure 2 Photo 2: Queen post MAQS+ treatment, nc
supersedures were successful, giving the colonies y supersedure triggered in this hive.

queens going forward.


































































