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SHORT ABSTRACT

Herein we present a method to feed pesticide contaminated food to both an individual honey
bee and a beehive colony. The procedure evaluates the pesticide effect on individual honey
bees by in vivo feeding of basic larval diet and also on the natural condition of beehive colony.

LONG ABSTRACT

The presence of pesticides in the beekeeping environment is one of the most serious problems
that impacts the life of a honey bee. Pesticides can be brought back to the beehive after the
bees have foraged on flowers that have been sprayed with pesticides. Pesticide contaminated
food can be exchanged between workers which then feed larvae and therefore can potentially
affect the development of honey bees. Thus, residual pesticides in the environment can
become a chronic damaging factor to honey bee populations and gradually lead to colony
collapse. In the presented protocol, honey bee feeding methods are described and applied to
either an individual honey bee or to a colony. Here, the insect growth regulator (IGR)
pyriproxyfen (PPN), which is widely used to control pest insects and is harmful to the
development of honey bee larvae and pupae, is used as the pesticide. The presenting
procedure can be applied to other potentially harmful chemicals or honeybee pathogens for
further studies.
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INTRODUCTION

The presence of pesticides in the environment is one of the most serious problems that impacts
the life of a honey bee'3. Several studies have demonstrated the common presence of
pesticide residues in honey bee colonies and bee products. In Taiwan, the average application
of pesticides was 11-12 kg/ha every year (from 2005 to 2013). The amount of pesticides used in
Taiwan is higher than that of the EU countries, and the Latin American countries*>. In other
words, the apicultural environment is suffering serious pesticide stress, especially in Taiwan and
possibly in other countries.

The honey bee Apis mellifera is one of the major pollinators in agricultural systems® and it also
produces valuable products such as honey. However, honey bees are exposed to various
pesticides and these pesticides can be brought back to beehives after foraging on flowers that
have been sprayed with pesticides when collecting nectar and pollen’8. They also can be
exposed to pesticides by the beekeepers themselves aiming to control pest problems inside the
hives®'1. Because honey bee larvae are fed by nurse bees for their development, larvae, drones
and even the queen may be exposed to these pesticide-contaminated nectars and pollen!?. The
toxicity of various pesticides to honey bees needs to be addressed?3.

Many efforts have been made to evaluate the issues of environmental pesticide residues. Yang
et al. tested the influence of the neurotoxic insecticide imidacloprid on the development of
honey bee larvae in the beehive and reported that a sub-lethal dose of imidacloprid resulted in
olfactory associative behavior of the adult bees'®. Also, Urlacher et al. examined the sub-lethal
effects of an organophosphate pesticide, chlorpyrifos, on a honey bee worker’s learning
performance under laboratory conditions'®. In our previous study, we evaluated the impact of
an insect growth regulator (IGR), pyriproxyfen (PPN), on larval honey bees?®.

In this paper, we present methods for evaluating the chemical impacts on the development of
honey bees. Honey bee feeding methods were described and applied to either individual honey
bees or to a colony. At first, we tested different concentrations of pesticide-contaminated basic
larval diet (BLD) on larvae in the colonies to evaluate the impact of the pesticide on individual
honey bees in vivo. We then proceeded to simulate the natural conditions of the pesticide by
using pesticide-contaminated syrup within beehives. In this method, PPN, which is widely used
against pest insects'’ and is harmful to the development of honey bee larvae and pupae!® & 19,
will be an indicator to represent the negative effect of the pesticide in the field.

PROTOCOL

1. Preparations
1.1.  Make 1 L of 50% sugar syrup. Dissolve 1 kg sucrose in 1 liter ddH;0.

1.2.  Prepare pyriproxyfen (PPN) solution in BLD. Make 1.1 L of 1000 ppm PPN stock solution
and dilute 100 mL PPN solution in 1 L sterilized ddH;O. Store at 4 °C.

1.3.  Dilute the PPN stock solution to final concentrations of 0.1, 1, 10 and 100 mg/kg (ppm)



in the BLD for the following experiment.

1.4. Make PPN-syrup (for the colony level). Dilute the PPN stock to final concentrations of 10
and 100 ppm in 50% sugar syrup for the following experiment.

1.5. Honey bee rearing.
Note: Here, the experimental location is the National llan University (NIU) apiary, Yi-Lan City,
Taiwan; (GPS coordinates: N24.747278, E121.746200).

1.5.1. Check honey bee (Apis mellifera L.) colonies weekly for food quantity and feed with 1
liter 50% sugar syrup if necessary (the honey storage area is empty). Define a healthy colony as
9 frames of honey bee combs in each colony with a queen laying eggs normally.

1.6. Prepare 100 mL of basic larval diet (BLD). Dissolve 6% D-glucose, 6% fructose, and 1%
yeast extract in sterilized distilled deionized water (ddH,0) and supplement with 50% royal
jelly. Store at 4 °C but not for more than 3 days.

Note: Pre-warm to 35 °C before experiment and use within 3 days.

2. In vivo feeding method
Note: /n vivo feeding method has been modified from Hanley et al.?°.

2.1) Honey bee larvae selection and labeling.

2.1.1. Insert a queen excluder to divide 9 frames of a healthy colony into 4 frames and 5
frames while limiting the queen to the 4 frame section. Leave at least one empty frame in the 4
frame section for laying eggs.

2.1.2. After the queen laying eggs for 1 day, check the frames for the appearance of eggs and
keep the eggs inside the beehives for 72 h (the 4t day) until 1-day-old larvae hatch. Take one of
the frames containing 1-day-old worker larvae (hatched within 24 h) out from the test hive by
hand and remove the honey bee workers from the frame with a bee brush.

2.1.3. Cover the frame with a transparent slide (Size= Length x Width x thick=29.7 mm x 21
mm x 0.1 mm) and nail the transparent slide on the edge of frames with thumbtacks (Figure
1A).

2.1.4. For each treatment, randomly select 50 one-day-old larvae (the 4t day) and mark each
brood cell by using permanent marker pens on the transparent slide (Figures 1A and 1B).

Note: Write the information of each treatment on the frame and transparent slide as well by
using permanent marker pens to avoid the confusion between different treatments. Remove

the marked slides and keep for the in vivo feeding and observation.

2.2) In vivo feeding.



2.2.1) Add different concentrations of PPN-BLD (0.1, 1, 10 and 100 ppm) to each labeled brood
cell by pipetting at day 1, 2 and 3 with 10 uL, 10 pL and 20 uL, respectively, according to the
intake quantity of the larvae age. Add the same amount of BLD (no PPN) to a control group.
Thereby, the total dose of PPN-BLD in each labeled brood cell accumulates to 4, 40, 400, and
4,000 pg.

Note: Recognize the labeled brood cells by the marked transparent slides and remove the
marked transparent slides after feeding. Use fresh BLD for feeding to prevent the cleaning of
the brood cells by the worker bees.

2.2.2) Return the PPN-treated frames to the original colonies for further observations.
Note: Each treatment has four biological repeats in four colonies.

2.3) Observation of treated larvae at day 7.
2.3.1) To observe the PPN-treated larvae, return the labeled transparent slides to the frames to
record the mortality and capping rates in the labeled brood cells.

2.4) Observation of treated pupae and eclosion rates at day 13.
2.4.1) Remove the bee wax of capped brood cells.

2.4.2) Put the soft tipped tweezers into brood cell and clamp the pupae very slightly then take
pupae out gently.

2.4.3) Transfer the pupae into 24-well tissue culture plates with a double-layer of laboratory
tissues beneath each well. Record the damage and mortality during pupal transfer.

2.4.4) Keep the 24-well tissue culture plates in an incubator at 34 °C and 70% relative humidity
until emergence (c.a. 8 days).

2.4.5) Observe and record the pupae and emerged honey bees.

2.5) Statistics
2.5.1) Calculate the recorded data and present as a mean + S.D.

2.5.2) Analyze the data using analysis of variance (ANOVA) by SAS and use the least significant
difference (LSD) test to analyze the differences between two means of different treatments.
Define statistically significant as P-value <0.05. Different letters in the same column of the table
showed a significant effect by the statistical analysis.

3. Toxicity of PPN at colony level in beehive

3.1) Set up the honey bee groups.

3.1.1. Insert a queen excluder vertically to divide 9 frames of a healthy colony into 4 frames
(Part A) and 5 frames (Part B) while limiting the queen to the 4 frame section. Leave at least



one empty frame in the 4-frame section for laying eggs.

Note: Put another queen excluder the on top of the queen part to prevent the queen from
moving between the parts.

3.1.2. After the queen laying eggs for 1 day, check the frames for the appearance of eggs. Take
the appropriate frames containing eggs out from part A by hand and remove the honey bee
workers from the frame with a bee brush.

3.1.3. Cover the frame with transparent slide and nail the transparent slide to the edge of the
frame with thumbtacks.

3.1.4. Randomly select 100 brood cells containing eggs and mark each brood cell by using
permanent marker on the transparent slide. Assign these 100 brood cells as Group 1. Write the
information of each treatment on the frame and transparent slide using permanent marker to
avoid the confusion between different treatments.

3.1.5. Return the labeled frame to part A for 3 days and then transfer the queen to part B to
lay eggs.

3.1.6. After 1 day, check the frames of part B, choose one appropriate frame and label 100
brood cells containing eggs as described in step 3.1.4. Assign these 100 brood cells as Group 2.

3.1.7. Return the labeled frame to part B for 3 days and then transfer the queen to part A to
lay eggs.

3.1.8. Repeat the queen exchange between Part A and Part B 6 more times and assign groups
numerically, respectively (Figure 2). There should be total of 9 groups.

3.2) Treat honey bee colony with PPN sugar syrup on day 13 (Figure 2).

3.2.1) Add 1 L 50% PPN sugar syrup containing 10 or 100 ppm in a plastic bee feeder box
(WxLxH=20 cm x 30 cm x 3.5 cm) and put the box on top of the frames in the experimental
colonies.

Note: Group 1 does not receive the PPN at 13 days as the brood cells have been sealed.
3.2.2) Feed the control group with 1 L 50% sugar syrup (no PPN) as described in step 2.2.

3.3) Count 1-day-old larvae and record as the egg hatching rate of 100 labeled brood cells for
each group at day 5 (Figure 2). Honey bee eggs usually take 3 days to hatch into 0-day larvae;

therefore, check and label 100 eggs-containing brood cells at day 1 and count the number of 1-
day-old larvae for each group at day 5 to obtain the percentage of hatching rate.



3.4) Count the capped brood cells and record as the larval capping rate of 100 labeled brood
cells for each group at day 11 (Figure 2). 6 to 7-day-old larval brood cells will be capped with
bee wax by honey bee workers for larvae pupating.

3.5) Observe pupae maturation and record the eclosion rate of 100 labeled brood cells for each
group at day 17 (Figure 2).

3.5.1) Remove the bee wax of capped brood cells and take pupae out with soft tipped tweezers
gently. Transfer the pupae into a 24-well tissue culture plates with a double-layer of laboratory
tissues beneath each well.

3.5.2) Keep the 24-well tissue culture plates in an incubator at 34 °C and 70% RH until
emergence.

3.5.3) Observe and record the pupae and emerged honey bees for each group until Group 9 (49
experimental days).

Note: Each treatment has four biological repeats.

3.6) Statistics
3.6.1) Calculate the recorded data and present as the mean + SD.

3.6.2) Analyze the significant differences between pairs of treatments (e.g. 0 ppm/10 ppm, 10
ppm/100 ppm and 0 ppm/100 ppm) in each group by using the Student’s two-tailed t-test.
Define as statistically significant if P-value <0.05.

REPRESENTATIVE RESULTS

For the honey bee field test, a queen was limited to the 4-frame section for laying eggs. This
step could increase the brood density in one frame and facilitate subsequent observations.
Each treatment was labelled, and the honey bees’ development was clearly observed through a
transparent slide. /In vivo feeding of PPN-BLD to honey bee larvae in the beehive was performed
to precisely evaluate the influence of PPN on the development of honey bees in the colony.
Using the in vivo feeding method facilitated the observation of the impacts of the chemical
treatments on the beehive.

For each dose of PPN-BLD, a total of fifty brood cells were marked and treated. After adding
PPN-BLD, the treated frames were returned to the original colonies for observation under
natural conditions. The negative effects of PPN-BLD on larval-stage honey bees were easily
observed. A dosage-dependent effect was observed. Table 1 present the number of honey bees
that died at the larval stage at the two higher doses of 10 and 100 ppm. As shown in Table 1, at
the two doses (0.1 and 1 ppm), the capping rates, days to emergence and eclosion rates were
not significantly different from 0 (BLD food added) or the unfed control, with only a significantly
higher percentage of bees with deformed wings at 1 ppm. Melanization of pupae was observed
at low concentrations of PPN. Furthermore, the proportion of adult honey bees appeared with



deformed wings increased with higher doses of PPN (Table 1).

To simulate honey bee colonies suffering from environmental PPN residue, feeding of PPN
syrup to the entire honey bee colony was performed. Before treatment, each colony was
divided into 9 different temporal groups at 3-day intervals by two queen excluders (Figure 2).
Therefore, the effects of PPN on the rates of hatching, capping and eclosion were observed
simultaneously under conditions similar to those in the natural environment.

The colonies were fed syrup with 10 or 100 ppm PPN at day 13 (indicated by the red dotted in
Figure 2). Theoretically, group 1 was a PPN-free control because the PPN-syrup was fed at day
13 and the honey bees in group 1 were in the pupal stage and capped; the honeybees in the
larval stage began to be affected in groups 2 and 3, and the eggs will be affected in groups 4-9
due to the longer exposure time in the PPN-contaminated beehives (Figure 2).

In this trial, we fed honey bee colonies with PPN syrup and observed development when the
adult honeybees consumed the syrup and presumably fed the queen and larvae. This
assumption was confirmed by the hatching, capping and eclosion rates, and deformed winged
bees were observed after the PPN treatments, as shown in Figures 3A, 3B, 3C and 3D. All
parameters differed significantly at the higher dose (100 ppm) starting with group 3, except the
hatching rate (Figure 3A, 3B, 3C and 3D). Moreover, after the PPN-syrup treatments, many
pupae died with black cuticles or by failing to emerge. In the 100 ppm PPN treatment, the
capped cells were destroyed, and the injured pupae were removed from the colony (Figure 3E).

Figure 1: Schematics of brood-cells labeling.

(A) 1-day-old worker larvae covered by transparent slide papers and were labeled by
permanent marker (B) Labeled 1-day-old worker larval brood cells; the white arrow indicates a
1-day-old worker larva inside.

Figure 2: Timeline for when PPN is started relative to the 9 experimental groups.
Different concentrations of PPN were fed at day 13 (red dotted line). The treated colony was
divided into Part A and Part B. The queen exchanges from part A to part B and vice versa for
laying eggs are shown. This has been reproduced with permission from Elsevier®,

Figure 3: Development of honey bee larvae before and after feeding 1 kg PPN syrup into
tested bee colonies.

A total of nine groups were surveyed in this experiment: (A) hatching rate; (B) capping rate; (C)
eclosion rate; and (D) malformed wing rate. Mean * SD are presented; Red arrows indicate the
time during which PPN may start acting on bees. Black asterisks show statistical significance
compared to the control (O ppm). Red asterisks show statistical significance between 10 and
100 ppm; (E) 100 ppm PPN syrup treated bee colony showed uncapped cells, presumably
deformed pupae and black and deformed pupae. This has been reproduced with permission
from Elsevier?®,

Table 1: Effects of continued 3-days feeding of PPN on 1-day-old larvae.



To each larval cell, 10, 10 and 20 pL of BLD were added from days 1 to 3, respectively. Each
assay contained 25-38 larvae in a colony and 4 colonies were tested. Mean + SD are presented.
Different letters in the same column are significantly different by the least square difference
test (P < 0.05) after ANOVA showed a significant effect. This has been reproduced with
permission from Elsevier?®,

DISCUSSION

The queen-limited egg-laying method and queen-exchange method are critical steps for setting
up honey bee groups for field testing within this protocol. The queen-limited egg-laying method
permits synchronization of the life cycle of honey bees. Consequently, researchers can select 1-
day-old larvae of the same age for treatment with different doses of pesticide. For the queen-
exchange method, the queen was exchanged between part A (4 frames) and B (5 frames) to
obtain different developmental stages of honey bee for field testing to evaluate the impacts of
pesticide and pesticide residues. Moreover, a large number of selected brood cells were
recorded in the field test using transparent slides for labelling. However, egg over-laying
occasionally results in insufficient brood cells for the queen laying eggs. Therefore, the
preparation of empty frames is required for the queen-exchange method. Alternatively, the
gueen-limited egg-laying method could be also used to prepare different honey bee groups for
testing in the beehive. The separation of the frames into 2 frames in part A and 7 frames in part
B and the placement of the queen in part A (2 frames) may limit the eggs laid by the queen
within the 2 frames.

For the in vivo feeding method, PPN-BLD was added to each brood cell. The honey bees
exhibited higher acceptance of BLD than syrup!®2°, Honey bee larvae can survive and grow on
an artificial diet composed of royal jelly, sugars, yeast extract, and distilled water??23, The
glucose and fructose composition of the BLD did not affect the survival rates of the larvae in
vitro?!, and therefore, BLD would be more stable for honey bee growth in the beehive. Notably,
the use of fresh BLD for feeding could also prevent the worker bees’ larval exclusion during the
larval feeding experiment. Moreover, during the feeding process, gentle feeding is initially
required to avoid the death of 1-day-old larvae.

During field tests, chemically contaminated BLD in the beehive occasionally caused larval
exclusion due to the high olfactory sensitivity of nursing bees. The sugar composition
significantly affects the average larval survival, pre-pupal larval weights, adult weights, and
ovariole numbers?l. When syrup was used to deliver transgenic pollen or a positive control
pesticide diazinon to honey bee larvae, the workers removed few larvae from the brood cells
containing added or contaminated food?!. Thus, the sugar composition should be noted.
Increasing the number of 1-day-old larvae or dispersing the tested individual brood cell sites
may also improve the problems. Indeed, based on the observation of the PPN-BLD treatment
processes and the dramatic dose-dependent impacts of PPN-BLD on the development of honey
bees, we assumed that the nurses did not remove the artificially added BLD to the brood cells.
Low concentrations of PPN cause melanization of pupae, possibly due to increased
phenoloxidase activity, which regulates melanization and pupation?*2¢. Based on the use of an
artificial feeding method for each brood cell, the dramatic impacts of PPN-BLD on the



development of honey bees might be due to direct contact with PPN from the first day of
hatching.

The chemical dosages used in the feeding experiments could be designed based on survey data
for pesticide residues in fresh pollen samples collected from honey bee hives. There are a
variety of routes of pesticide contamination of colonies in the natural environment. Chemical
contaminants could be brought back to the honey bee colonies and ingested by larvae due to
the feeding motion of worker honey bees, eventually influencing the development of larvae. To
evaluate the impact of PPN at the colony level in the beehive, syrup was used instead of pollen
for feeding in this study as the fastest and most direct way to ensure that the honey bees
consumed the chemical. Furthermore, the condition of the syrup can be defined, whereas the
content of pollen is difficult to control (e.g., pathogens or pesticide contamination).

Under field conditions, different developmental stages (eggs, larvae, pupae and adult bees) of
honey bees in a honey bee colony suffer the same environment factor. In our experimental
setup, natural conditions were simulated to evaluate the impacts of the chemical on the
development stages of honey bees in a dynamic environment. Therefore, after PPN treatment
(13 days), we could observe the uninfluenced capping rate in group 1, the influenced capping
rate in the other eight groups, and the influenced larval stages in groups 2 and 3, etc. Under
these conditions, the true effects within the colony and the route of dispersal of the chemical
to the whole colony are clear.

The honey bee colonies treated with PPN syrup exhibited distortion of capped cells and
removal of pupae from the colony. Furthermore, extensive melanization of pupae was
observed in the 100 ppm PPN treatment. Thus, the PPN-syrup feeding method allowed the
dynamic impact of chemicals on the life cycle of honey bees in the beehive to be observed. In
this trial, the syrup taken up by the worker and nursing bees was presumably fed to the queen
and larvae. For confirmation, our future studies will use chemical markers (such as an edible
dye) in the chemical-containing syrup to further facilitate the study of the dynamics of
chemically contaminated beehives.

The food source of nurse bees should come from foragers or in beehive and larvae are fed
mandibular and hypopharyngeal gland secretions produced by nurse bees?! 2>2%, When larvae
are fed by nurse bees, secretions produced by the hypopharyngeal gland in the mandibles may
dilute the PPN-syrup. This biological dilution effect more closely resembles the natural
conditions but explains the differing results to the in vivo feeding method. Several materials
including other pesticides, heavy metal and honey bee pathogens could be applied to this
feeding method for evaluating and addressing the roles in honey bee populations.
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Table 1

Larval development

PPN-BLD (ppm) Larvae No. Capped rate (%) Eclosion rate (%) Malformed wings (%)
100 140 Ob Ob -
10 139 22.2+33.2b Ob -
1 140 72.3+17.9a 67.7t17.6a 7.7t5.7a
0.1 136 78.3117.5a 75.4+22.8a 1.4+2.8b
0 138 78.915.4a 78.915.4a Ob
Non-feeding 122 87.8149.1a 86.1t7.2a 0.8+1.5b
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Excel Spreadsheet- Table of Materials/Equipment

Click here to download Excel Spreadsheet- Table of Materials/Equipment JoVE

Materials Template.xlsx

Name of Reagent/ Equipment

Company

Catalog Number

Comments/Description

Honey bee box SAN-Yl Honey Factory W1266 Honeybees rearing
luder (bet
Queen excluder (between SAN-YI Honey Factory 11575 Queen limitation
frames)
Queen excluder (on top) SAN-Y| Honey Factory 11566 Queen limitation on top
Bee brush SAN-YI Honey Factory, Taiwan w1414 clean the bees on frame gently
Bee feeder SAN-YI Honey Factory, Taiwan P0219 feed sugar syrup to colony
Wan-Shih-Chei, Taiwan Mark the larval area on the frames (Material:
Transparent slide (http://www.mbsc.com.tw/a0lgoods. |1139 Polyethylene Terephthalate, PET) (Size=
asp?s_id=40) Length*Width*thick= 29.7mm*21mm*0.1mm)
24 well tissu culture plate Guangzhou Jet Bio-Filtration Co., Ltd  |[TCP011024 Rearing pupae from extraction
. . . Make sterilized distilled deionized water
Autoclave Tomin medical equipmenco., LTD. TM-321
(ddH20)
P20 pipetman Gilson F123600 Add PPN into bee larval food pool
Incubator Yihder Co., Ltd. LE-550RD Rearing pupae from extraction
Kimwipes COW LUNG INSTRUMENT CO., LTD KCS34155 Rearing pupae from extraction
Royal jelly National llan University (NIU) NIU Make basic larval diet (BLD)
D-(+)-Glucose Sigma G8270 Make basic larval diet (BLD)
D-(-)-Fructose Sigma F0127 Make basic larval diet (BLD)
Yeast extract CONDA, pronadisa 1702 Make basic larval diet (BLD)
Sucrose Taiwan sugar coporation E01071010 Make sugar syrup for bee food

Pyriproxyfen (11%)

LIH-NUNG CHEMICAL CO.. LTD.

Registration No. 1937

Insect growth regulator (IGR) used in the
experiment
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: |,4/1/0-0{4 VA/mﬂVq ' /M ’ VM Hdpianls M

Author(s):

A

ltem 1 {check one box): The Author elects o have the Materials be made available (as described at

http://www.jove.com/publish ) via:

Item 2 (check one box):

Standard Access

Open Access

The Author is NOT a United States government employee.

I:I The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materiais; “JOVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Authaor, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating ail or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license {a} to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the worid, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on alt
or any portion of the Article and exercise all of the rights set
forth in {a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
{c) to license others ta do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JOVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

S. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in ltem
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers ali such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed {including without limitation in print, digital and
electronic form) throughout the world, {b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

612542.6
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and ail provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JOVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authars collectively) and has not been assigned, licensed,
or atherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement an his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author’s relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmiess from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

expense. All indemnifications provided herein shall include
JOVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Rebuttal Comments Click here to download Rebuttal Comments

JoVE_Responses.docx

Dear Dr. Nai,
Your manuscript JOVE55296R2 "Procedures for evaluating the effect of environmental chemicals on
honey bees' development from individual to a colony level" has been editorially reviewed and the

following comments need to be addressed.

Please employ professional copy-editing services if this manuscript is to be accepted. There continues
to be significant language and grammatical issues in the manuscript that severely compromises the
clarity and science of the manuscript. The Discussion section is especially difficult to understand.
Furthermore, there is a lack of consistency between terms in the manuscript Eclosion rate in the

manuscript but emergence rate in the Figure.

Please revise the manuscript to address the reviewer comments. Please incorporate the rebuttal

comments into the manuscript text to strengthen the manuscript.

- Thank you for your suggestions. We have downloaded the file “55296_R2_RE” for editing and this

revision were addressed the editorial comments. For the discussion section, we also have revised it

again and made it easy to understand. Moreover, we have also incorporated the rebuttal comments

into the manuscript text and corrected “Emergence rate” to “Eclosion rate” in the Figure and table.
This manuscript has sent to AJE for English editing to improve the language and grammatical

issues and the editorial certificate is also submitted for your reference.

I+


http://www.editorialmanager.com/jove/download.aspx?id=573820&guid=f9402195-c41b-40f9-beb2-c3003593d974&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=573820&guid=f9402195-c41b-40f9-beb2-c3003593d974&scheme=1

Comments of last revision:

Editorial comments:

The manuscript has been modified by the Science Editor to comply with the JoVE formatting standard.
Please maintain the current formatting throughout the manuscript. The updated manuscript
(55296_R1_081616.docx) is located in your Editorial Manager account. In the revised PDF submission,
there is a hyperlink for downloading the .docx file. Please download the .docx file and use this

updated version for any future revisions.

1. Grammar:
-Line 83: “Honey bees rearing” Honey bee

- Yes, we have corrected to “Honey bee”

-Line 37: “In the presenting protocol” presented

- Yes, we have corrected to “presented”

-Line 23 and throughout “Basic Larvae Diet” should be larval?

- Yes, we have corrected all “Basic Larvae Diet” to “Basic Larval Diet”

-Line 124 “circled each brood cell by using permanent markers”

- We have corrected to “marked each brood cell by using permanent marker pens”. The marker pens,
which we used in this experiment, are available in the following website:
https://www.9x9.tw/mod/product/index.php?REQUEST_ID=55a65ce32a0f9d7015e5755b7e11e3b506
e2734aeafc88747d578b6eb13f1b75

-Line 171 “select 100 brood cells containing eggs and circled each brood cell”

IH

- We have corrected to “select 100 brood cells containing eggs and mark each brood cel

-Line 273. “Modified figure and legend reproduced with permission of the ELISIVER” Elsevier.

- Yes, we have checked it.

2. Additional detail is required: Line 309: “that workers removed little larvae from the added food to
brood cells” I’'m not clear on what this means. Please reword or explain further.

- Yes, we have revised it as below: “...and it was found that workers removed little larvae from the
brood cells, which contained added or contaminated food.”

Editor’s Note: We do not require in depth or novel results for publication in JoVE, only representative
results that demonstrate the efficacy of the protocol. However, please ensure that all claims made
throughout the manuscript are supported by either results or references to published works.

-> Thank you for your kindly remind, we have checked and applied the copyright from previous



published work (Elsevier license terms and conditions” in Jul 18, 2016) for JoVE manuscript and in our

previous work, the results demonstrate the efficacy of the current protocol.

Reviewer #1:

Manuscript Summary:

This manuscript attempts to describe a method for assessing the effects of the insect growth regulator,
pyriproxyfen, on honey bee larvae and pupae. The authors presented data for exposures through a
dietary route and evaluated the impacts of the pesticide exposure on individual bees and the colony.
Major Concerns:

The manuscript is very poorly written and was a challenge to follow. The flow is very choppy and
disjointed. It appears as though much of the research presented in the manuscript was previously
published (ref #16) as most of the figures were replicates from this previously published paper. The
queen limited laying method and queen exchanged methods are not adequately described. No
rationale is provided concerning the dosing levels used. Are these levels environmentally-relevant?
The linkage between larval, pupal and adult exposures and effects is very poor. Overall, the structure
of the manuscript would need to be completely redone to clarify its meaning. However, it merely
appears to be an add on to the earlier published paper and therefore not publishable without
additional research.

-> This manuscript is focusing on methodology and the JoVE journal does not require in novel results
for publication, only representative results, which can demonstrate the efficacy of the protocol. In our
case, we already applied for the permission from the “Elsevier license terms and conditions” on Jul
18™, 2016, to reproduce our previous data in this manuscript. Moreover, all figures were modified to
meet the context of this manuscript. The descriptions of queen-limited method were listed in
Line111-122 and queen-exchange method Line 173-203; using queen-exchange method in a colony
could help us to select the same egg age groups easier. One of the rationales for these dosages (100,
10, 1, 0.1 ppm) was that we have surveyed the pesticide residues, which used in the agricultural
environment from fresh pollen samples, in these data (unpublished), PPN also be found in the pollen
sample with 0.4 ppm; it means some of the honey bee colonies suffered this dosage of PPN. Therefore,
we tried to test the impacts of higher dosage on honey bee’s development in colony level in order to
another rationale that provide the information to the government for reference. For honey bees,
environmental pesticides can be brought back to the beehives after foraging on crops or flowers.
These contaminated foods can be exchanged between workers which then feed larvae. Therefore, to
better understand the chemicals impacts on the development of honey bees colonies, we set up this
experiment. There are different developmental stages (eggs, larvae, pupae and adult bees) of honey
bees in a colony, we tried to simulate the natural condition and to know the chemical impacts on the
development stages of honey bees under dynamic environment. In our experiment, for example, after
PPN treating (13 days), we could observe the uninfluenced capping rate in group 1, influenced capping

rate in the other eight groups, influenced larval stages in group 2 and 3 etc.. In such condition, we



could know the real situations within the colony and how the chemical disperses to the whole colony.

Reviewer #2:

Manuscript Summary:

The draft "Procedures for evaluating the effect of environmental chemicals on honey bees'
development from individual to a colony level" by Ko et al. presents two techniques to assess the
impact of ecotoxins on honey bee larvae survival. In one experiment, they add basic larval diet to
brood cells in vivo und successively record larval mortality. This has before been established by Hanley
et al., 2003. In the second experiment, colonies are fed sugar syrup spiked with the testing compound,
and larval mortality is observed in age cohorts obtained by caging and exchanging the queen from one

compartment of the hive to another one.

Major Concerns:

In particular the second experiment raises some questions on experimental design, that a method
describing paper should answer. For example, it is not absolutely clear to the reader, how many
colonies should be used to test for different concentrations and you do not at all present any statistics
on your results of this experiment. Further, the problem that | see is the not so clear separation of
non-exposure and exposure groups. You also do not present, how much syrup was consumed,
because it could be that for some days larvae are fed sugars from (uncontaminated) reserves from the
bees honey stomach.

-> For this experiment, each PPN concentration (10 or 100 ppm) was performed in one colony to
prevent the PPN contaminations and four colonies were used for biological repeats. Every PPN
concentration including nine groups (Group1~9 for different time durations) and each group contained
100 honey bee individuals. In group 1, it had no any PPN because of PPN treated at 13 days and it was
in the capping stage in Group 1 supposed there was no any feeding motion. It was difficult to control
the feeding quantity of each larva in whole colony level; however, in this experiment, we set up a PPN
(or other chemicals)-contamination model to test how the chemical influences whole colony. Indeed,
more individuals could get supported data, but based on our previous data (Chen et al., 2016), 100
individuals could present the significant impacts between low (10ppm) and high (100ppm) PPN

treatments.

Minor Concerns:

The introduction is clear and addresses all the relevant literature.

Protocol:

Line 88: What are the conditions to judge if feeding sugar syrup is necessary?

- The frames should be checked and the colony should be feed when the honey storage area in the
frame is empty. We have added the condition for feeding process as below: “Check honey bee (Apis

mellifera L.) colonies weekly for food quantity and feed with 1 liter 50% sugar syrup if necessary (the



honey storage area is empty)”

L 91 and elsewhere: | suggest writing basic larval diet instead of basic larvae diet.

- Yes, we have corrected it to “basic larval diet”.

L 97: Dissolving 1 kg of sucrose in 2 liter water does not give 2 L of 50% sucrose solution.
- We have checked and corrected to “Make 1 L of 50% sugar syrup. Dissolve 1 kg sucrose in 1 liter

ddH20”

L 109: In this method...?
- We have deleted it.

L 114 and elswhere: reword "spawning"

- We have corrected to “laying eggs”

L124-125: Is that day 1 of your experiment?
- No, we have added ”(the 4™ day)”.

L 133-135 and Discussion: Be more precise on why bees did not take out the added BLD.

- In fact, it is, according to our observation, if the added BLD is not fresh, the worker bees will clean
the whole brood cell including larvae. Therefore, we have to note this removal action during the
experiment. We added the note at Line138: Use fresh BLD for feeding to prevent the worker bees’
brood cells clean action. In the discussion section, we have revised it as below: “...and it was found
that workers removed little larvae from the brood cells, which contained added or contaminated

food.”

L 143-144: Discuss the role of touching pupae with tweezers.
- To prevent the disruption of honey bee pupae, soft tip tweezers should be used. The researcher
should remove the wax cap at first and put the tweezer into brood cell and then clamp the body part

of pupae very slightly. Besides, more details actions will present in the video.

L 154-156: Statistics need to be explained in more detail

—>We have added more detail of statistics at Line 161-168 as below:

2.5) Statistics

2.5.1) Calculate the recorded data and present as a mean + SD.

2.5.2) Analyze the data using analysis of variance (ANOVA) by SAS and use the least significant
difference (LSD) test to analyze the differences between two means of different treatments. Define

statistically significant as P-value <0.05. Different letters in the same column of the table showed a



significant effect by the statistical analysis.

L 171: circle(d)
- We have corrected to “mark” each brood cell by using permanent marker pens on the transparent

slide.

L 172: Asign instead of design?

- We have corrected to “Assign”.

Results:
The days to emergence (shown in Table 1) are not presented in protocol, nor in Results. How was the
data obtained?

- We have deleted the data in this table.

L 245-247: | think this is one of the most crucial points in your experimental setup: You state that the
observations are made at the same time, but this is not true. The time differences is a few days only,
but still there could be differences in environmental conditions (see Schmickl and Crailsheim, 2001
and 2002).

—>Thank you for your concern. It occurred within the same colony that different developmental stages
(eggs, larvae, pupae and adult bees) of honey bees suffer the same environment factor. Although
there were still differences in environmental conditions, we tried to simulate the natural condition and
to know the chemical impacts on the development stages of honey bees under dynamic environment.
In our experiment, for example, after PPN treating (13 days), we could observe the uninfluenced
capping rate in Group 1, influenced capping rate in the other eight groups, influenced larval stages in
group 2 and 3 etc.. In such condition, we could know the real situations within the colony and how the

chemical disperses to the whole colony.

In Line 249-252 you point out, that the non-exposure vs. exposure period is not strictly separated, and
you do not come up with a clear solution on how to handle this!

—1In Group 1, it was PPN-free control because of PPN treated at 13 days and group 1 was in growing
into capping stage; we supposed there was no any feeding motion in capping stage. We have added
one sentence in this section: “Theoretically, group 1 was a PPN-free control, because of the PPN-syrup

fed at 13 days and the honey bees in group 1 were under pupal stage and capped;...”

Line 254-263: Statistics missing.
—>We have added the “Statistics” at Line242-247 and revised figure 3 as below:
3.6) Statistics

3.6.1) Calculate the recorded data and present as Means + SD.



3.6.2) Analyze the significant differences between pairs of treatments (e.g. Oppm/10ppm,
10ppm/100ppm and Oppm/100ppm) in each group by using Student’s two-tailed t-test. Define

statistically significant as P-value <0.05.

In figure 3, we have added the asterisks for indicating significant differences between two
treatments; the black one means significant difference to control (Oppm) and red one means

10ppm/100ppm was significant difference.
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Figure 3: Development of honey bee larvae before and after feeding 1 kg PPN syrup into tested bee
colonies. A total of nine groups were surveyed in this experiment (A) Hatching rate; (B) Capping rate;
(C) Eclosion rate; (D) % of bees with deformed wing rate; Means + SD are presented; Arrows indicate
the time during which PPN may start acting on bees; Black asterisks= Significant to control (Oppm);
Red asterisks= Significant between 10 and 100ppm; (E) 100 ppm PPN syrup treated bee colony
showed uncapped cells, presumably deformed pupae and black and deformed pupae. Modified figure

and legend reproduced with permission of the Elsevier?®

Line 273: Elsevier?

- We have corrected it.

Line 343: forgers?

- We have corrected it to “foragers”.

Reviewer #3:
Manuscript Summary:

The manuscript "Procedures for evaluating the effect of environmental chemicals on honey bees'



development from individual to a colony level" written by Ko C.Y., et al. has described a research
protocol to study the effect of environmental pesticides on the honey bee development at an
individual level and colony level. | found this protocol the authors presented was used in another
paper "The impact of pyriproxyfen on the development of honey bee (Apis mellifera L.) colony in field"
which was published by the same group in Journal of Asia-Pacific Entomology in 2016. However, | do

have some major comments on the protocol.

Major Concerns:

1. The authors used the exact same tables, figures and pictures which were published in the previous
paper. | don't see any modifications which were claimed to be made by the group. This is not usually
allowed by the both journals which published your previous paper and which they was submitted to.
Please extract the core information of your previous figures and remake new figures.

-> This manuscript is focusing on methodology and the JoVE journal does not require in novel results
for publication, only representative results, which can demonstrate the efficacy of the protocol. In our
case, we already applied for the permission from the “Elsevier license terms and conditions” on Jul
18™, 2016, to reproduce our previous data in this manuscript. Moreover, all figures were modified to

meet the context of this manuscript.

2. 0On line 144, were the mortality and damage caused or increased by removing the pupae from the
cells to culture plates in the lab? Have you considered that and mentioned it in the manuscript?

- Yes, this is an important step and it needs to operate very carefully by soft tip tweezers. All the
mortality and damage were recorded (Table 1) and the data were subjected to statistical analysis. We

have added a note: Record the damage and mortality during pupal transfer at Line 154.

3. 0Online 177, why did the authors wait for 3 days after they identified and labeled the experimental
frame? Why not directly move the queen to part B after the labeling procedures? It would be more
intuitive to move the queen earlier because the queen would lay eggs on other frames during those
three days and it would affect availability of the frame and the future labeling.

->Thank you for your suggestion. In this case, we have to considerate the experimental interval in

order to match the feeding of PPN.

4. The figure 2 is not clear for me. Did that procedure produce different ages of bees? If it is true, did
the figure 3 indicate 1-9 as ages when the larvae were treated by the chemicals?

- Because of the queen could lay eggs freely at part A or B, thus, there were many different ages of

larvae, in this experimental design, we can just select 100 eggs with same age and set up as a group,
then repeat this procedure for the other eight times to set up 9 different time groups for testing. Yes,

in figure 3, the group 1-9 were as different ages.



5. It is not clear to me how long did the authors perform the chemical feeding to the colonies. If the
authors fed them bees all the way to the end of the experiment, does it mean the bees received the
chemicals at the different ages and also for the different length of the time?

->We fed honey bee colony with 1 liter of PPN-syrup only once at 13 days (see the red dot line in
figure 2). According to our observation, the PPN-syrup was consumed within one day. Yes, the bees in
different groups received the chemicals at the different ages and also for the different length of the
time, therefore, according to the recorded data, we could see the short term and long term impacts

on the bee colony.

6. In the right figure of figure 2, if we consider each horizontal bar is a frame, does it mean the first
one did not receive the chemical at all because the chemical was provided on the 13th day when the
cells have been sealed? And the larvae on the second frame were treated at the end of pupal stage...
This should be stated clearly in the protocol since it is essential for interpreting the results.

Yes, the first one group did not receive the chemicals. We have added this in the protocol (Line 211)

and result section (Line 272-276).

7. Can authors make it clear that what is the goal to use this protocol especially for the part of figure 2?
Why did the author use this complicated design to investigate the chemical effects? What is the
advantage to use this design to transfer queens between two parts of the colony?

- For honey bees, environmental pesticides can be brought back to the beehives after foraging on
crops or flowers. These contaminated foods can be exchanged between workers which then feed
larvae. Therefore, to better understand the chemicals impacts on the development of honey bees
colonies, we set up this experiment. There are different developmental stages (eggs, larvae, pupae
and adult bees) of honey bees in a colony, we tried to simulate the natural condition and to know the
chemical impacts on the development stages of honey bees under dynamic environment. In our
experiment, for example, after PPN treating (13 days), we could observe the uninfluenced capping
rate in group 1, influenced capping rate in the other eight groups, influenced larval stages in group 2
and 3 etc.. In such condition, we could know the true situations within the colony and how the
chemical disperses to the whole colony. The advantage of queens-exchange method in a colony is that

it could help us select the same egg age groups easier.

Reviewer #4:

Manuscript Summary:

This manuscript presents a useful and interesting method for testing the effects of chemical
contamination on honey bee development, particularly pyriproxyfen. This is done through in vivo
feeding of developing larvae with contaminated artificial diet and through whole-hive feeding with
contaminated syrup. Overall, this is good protocol. In particular, | think the hive-level approach with

the stepped groups of bees is particularly useful, as it shows a nice trend over time using the same



gueen and hive environment (i.e., the data shown in Fig. 3)

Minor Concerns:

First, | think the manuscript should be edited again for correct English grammar and punctuation.
Overall, it is understandable, but there are many errors in the manuscript that are somewhat
distracting. | do not think this is a critical problem, but should be addressed before publication. | also
have a few comments about the protocol where | think additional details will help the protocol's

clarity, and | also feel some information could be added to the discussion.

Line 91-93: section 1.2 - roughly how long can the BLD diet be stored at 4C?

- We have added “(Do not exceed 3days)” in this section.

Line 121 - Section 2.1.3 - what is the 'slide"? What is it made of? How thick is it? It is important
because the authors nail thumbtacks into it as part of the protocol and not all materials would work
for this

- Thank you for this suggestion, we have added the information in the materials table. The material
of transparent slide is polyethylene terephthalate, PET; the size of transparent slide=

Length*Width*thick= 29.7mm*21mm*0.1mm.

Line 1310 Section 2.2.1 - Where are the frames of focal brood cells kept? Are they returned to the
colony daily after feeding? Are they kept in an incubator? Is the slide removed for feeding, then
replaced? Or is it left off for this duration? None of this is clear.

-> The focal frames were returned to the origin colonies daily (see section 2.2.2); the slides were
removed from the frames after marking the focal brood cells. The marked slides were kept for in vivo
feeding and observation. We have added sentences in the Line127: “Remove the marked slides and
keep for the In vivo feeding and observation.” and Line 138: “Note: Recognize the labeled brood cells

by the marked transparent slides and remove the marked transparent slides after feeding.”

Line 137 - Section 2.2.2 - do the authors remove the slide before returning the frame to the colony? If
not, does this affect worker thermoregulation?

—>We have added sentences in the Line127: “Remove the marked slides and keep for the In vivo
feeding and observation.” and Line 138: “Note: Recognize the labeled brood cells by the marked

transparent slides and remove the marked transparent slides after feeding.”
Line 149 - Section 2.4.3 - approximately how long does it take for emergence of pupae from this

point?

- We have added “(c.a. 8 days).”
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Line 160-162 - Section 3.1.1 - | am confused at the setup of the divided colony. The authros say the
put a queen excluder on, and the figure shows an excluder on top. But is another excluder placed
vertically in the colony to separate Part A and Part B? This must be something special to prevent the
gueen from moving between the parts. | think the excluder system needs to be described in more
detail and/or the photo of the setup needs improvement.

- Yes, there was a vertical queen excluder to divide part A and B. We have corrected the sentence to
“Insert a queen excluder “vertically” to divide 9 frames....; and we also added a note at line 168: Note:
Put another queen excluder on the top of the queen part to prevent the queen from moving between

two parts.

Line 219 - Section 3.5.4 - Is this observation repeated daily, every other day, etc, through the
experimental groups (i.e., as somewhat shown in Figure 2?). At this point, the protocol just says to
record data on Day 17, but the figure shows through Day 48. Context suggests this be repeated with
the groups but | think it is valuable to be specific here.

-> The observation depend on each group, for example, in group1, the observation day were indicated
on the time bar (HR recorded, D5, CR recorded, D11 and Pupae extraction, D17) and so on. Once the
experiment start, the parameters of each group will be observed and recorded at each time point (D5,
D11 and D17) until Group 9. We have added one sentence to explain it: Line 226: Observe and record

the pupae and emerged honey bees “for each group until Group 9 (49 experimental days)”

Discussion:

In the discussion, | think the authors need to discuss how field relevant the approach for hive-level
exposure is. For example, the in vivo approach is very controlled but less realistic, but provides very
clear data - the authors describe this. However, they then argue the whole-hive application is more
realistic. This is true. On the other hand, they deliver the chemical via syrup feeders - is this the
realistic route of entry for PPN? Is there evidence that contamination comes in via nectar and not via
pollen or adherence to the cuticle? | know for many insecticides pollen contamination is more realistic
and there has been criticism of studies that only use high doses of insecticides dissolved in syrup, as it
is unlikely bees are being exposed in this way. | do no think this totally precludes the usefulness of the
approach, but | do think the authors should discuss it. In summary, | think they need to say whether
syrup/nectar delivery is realistic and if it is not, why it is still useful.

- We appreciate your useful suggestions! It is true that the natural environment has variety routes
which the pesticides could be brought into colonies. The chemical would contaminate honey bee
colonies. Indeed, pollen is one of the pesticide residues sources, based on our surveyed, the pesticide
used in the agricultural environment could be detected in fresh pollen samples in Taiwan. From our
data (unpublished), PPN was also found in the pollen sample with the concentration of 0.4 ppm;
however, these chemical contaminations could be brought back to the colonies and would be ingested

by larvae and influenced their development eventually by feeding motion of worker honey bees. In

11



our experiment, instead of pollen, we used syrup for feeding, it is the fastest and most direct way to
ensure that honey bees already intake the chemical- syrup; From this experimental design, we could
easily get clean and pure sugar, while pollen is difficult to control its content (e.g., pathogens or

pesticide contaminations). We have added the discussion at Line 355-363.
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