JoVE61500 Judd et al. Response to reviewer comments (Response in italics)

Please find the attached responses to reviewer and editorial comments along with the revised manuscript.  

Please note that for some reason the line numbering changed after line 149.  I do not know why or how to fix it.  I have googled this and attempted to revert it back to continuous numbering, but to no avail.  I sincerely apologize and my comments on lines follow this new numbering.

Editorial Comments:

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors. Done.

• Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please ensure that all specific details (e.g. button clicks for software actions, numerical values for settings, etc) have been added to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. Done.

• Protocol Numbering: Please adjust the numbering of your protocol section to follow JoVE’s instructions for authors, 1. should be followed by 1.1. and then 1.1.1. if necessary and all steps should be lined up at the left margin with no indentations. There must also be a one-line space between each protocol step. I am sorry.  I have tried to adjust this, but I don’t know if I got the numbering right. Other aspects have been corrected.

• Protocol Highlight: Please highlight ~2.5 pages or less of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps. Done.
1) Some of your shorter protocol steps can be combined so that individual steps contain 2-3 actions and maximum of 4 sentences per step.
2) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.
3) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.
4) Notes cannot be filmed and should be excluded from highlighting.

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol. I have made changes to the discussion based on editorial and reviewer comments.

• Figure/Table Legends: Add a common figure title to Fig 1. Done.

• References:
1) Remove hyperlinks from the text and list them among the references. (See lines 97-102). Done.
2) Avoid citing unpublished work (see line 259). Removed.

• Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are MakerBot®, Onshape Inc, Autodesk, Tinkercad, etc
I removed the note on the design of the trap and it is not part of the methods presented.  
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.


• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]." The figures are original, I took the photos and Houston Judd made the drawings.
 

Reviewer #1: 
Manuscript Summary:
The authors present the plans for a pollen trap to collect the pollen loads of bumble bee workers (B. affinis) returning to their colony, as well as a small amount of data indicating the effectiveness of the trap. I've been looking forward to reading this manuscript, since the community has been awaiting a useable pollen trap for bumble bees for years! The writing in general was clear and a pleasure to read.

Major Concerns:
While I really appreciated the attention to a detailed protocol for assembling and using the pollen trap, I was disappointed that the authors did not take the opportunity to prove the effectiveness of the trap. For instance: is there a forager size bias in terms of whose loads are more likely to be removed? Is there a pollen size load bias in terms of what loads most likely to be removed? Are loads removed completely or only partly? How does pollen foraging rate of colonies with a pollen trap compare to colonies without a pollen trap? All of these questions and probably more would need to be answered to determine whether this pollen trap provides unbiased sampling for reasonable ecological metrics. I think that the Discussion should also address these potential limitations and strengths. Further, I think it would greatly increase the value of this study if the authors have data addressing these and related questions.
We do not have data addressing all of these issues, unfortunately.  That would have constituted a much larger study and our goal was to design a pollen trap to look at both bumble bee diets and field exposure to pesticides.  Two papers following up on this directly address some of these experimental questions but do not seem appropriate to a methods paper showing development and implementation of the pollen traps which is a more methodological approach.  However, concerning the pollen size load bias this is addressed in the representative results where we state the percentage of loads removed.  I added some clarifying text in lines 208-209.

Further, while using a non-commercially available bumble bee like Bombus huntii is definitely valuable and to be commended, nearly all laboratory and most field studies are performed with B. impatiens or B. terrestris, whose foragers have well known body size ranges and average body sizes: testing this pollen trap on a rarely used bumble bee species whose body size is not reported in this paper (it would be very nice if this comparison were made to B. impatiens and B. terrestris) means that researchers wanting to use this pollen trap with other Bombus species will have to do their own substantial trial and error. I think that the Discussion should also address these potential limitations and strengths.
Bombus huntii is available for purchase in western Canada.  It is illegal to possess Bombus terrestris in the United States and Bombus impatiens is not permitted to be used in several western states due to concerns for invasive potential of the species.  In fact, Bombus impatiens is an invasive species in British Columbia and Washington (Looney et al. 2019), thus using a native western bumble bee seemed to be an ecologically responsible choice for this research project.  In lines 276-277 we clearly state “The limitations of this method are that PF designs are unique to the species of bumble bee that is being sampled.” So I do not feel we hid this at all. It is simply a limitation of the region in which our study was conducted.

Likewise, the authors mention on L284-L289 a variety of behavioral alterations generated by the trap. This seems to be absolutely crucial information, yet is relegated to the discussion rather than the methods and results. If data are available, they need to be presented: that would greatly increase the value of this study. If this is anecdotal, it needs to be described as such. Further questions that should be addressed include whether pollen foragers versus nectar foragers are similarly deterred by the traps, and whether different sizes of bees are similarly deterred. If the behavior of the bees is being systematically altered by the pollen traps, this could greatly affect the reliability of the data collected with the trap. Other potential issues might stem from the reduced pollen intake: do the authors have recommendations for how long the pollen traps can be maintained without starving the colony or altering the pollen and nectar foraging behavior of the colony? If they do not, I would suggest including that under future directions or for limitations.
I added a sentence lines 291-293 to state the observational nature of the be behavioral changes.

Table 1: It seems really difficult to make scientifically sound comparisons between the 8 designs presented in this table, which are confounded presumably with entrance shape (it's not clear what entrance shape refers to - it only appears once, in this Table) and with deployment time. It could be that some designs show numerically greater rates of collection simply because at first bees had to get used to the pollen traps and so their initial rates of success will be very low. Further, it seems each design was tested only once, and the results, I assume, seem to be the totals across all 4 colonies, rather than means +/- SE. I think the evidence for the superiority of one design over the others needs to be more clearly presented and discussed.

Our intention is not to present detailed data on all 8 trap designs as they were developed in a trail and error manner.  Our detailed data is focused on the more promising designs and we present the plans for the most effective.

Finally, I found the results section to be too abbreviated in parts, making it confusing to me, and I think it would also benefit from additional explanation. Why are these 'representative results'? 
These are “representative results” following the journal format.
Are these colonies outdoors? 
I added text to clarify this.
Eight different pollen filter designs were tested, but only one type is shown: why? 
I added text to clarify this.
What makes each of these designs better or worse? Table 1 shows 3 types of pollen filters, not all 8? Pictures would help explain L207-210. Are the total efficiency ranges calculated as an average across the 4 hives, or each hive, for each filter design? 
Text added to clarify.
What is the information on L210-212 intended to convey? There does not seem to be an obvious point of comparison to the current data. Is the variation (L212) due to using the 8 different pollen filter designs? In my opinion this paragraph needs more work to clarify the methods used and what the results are intended to convey.
I am not sure the reviewer understood that this is a methods paper written to present the use of a pollen trap attached to a bee hive.  Honey bee pollen trap research requires that researchers who work with them calibrate the traps when they use them.  These traps will be similar in that they are a tool requiring calibration at the beginning of and during an experiment to insure they are working properly.  We state this in the paragraph starting on line 277.

Minor Concerns:
L55-56: I know what you mean, but bumble bees aren't using the plants themselves as food: would recommend changing to "Identifying which plant species bumble bees forage from allows…"
I changed this
Personal preference, but is there any reason "use/s" cannot be substituted for utilize/s/tion throughout the text?

L63-L64: Not clear to me what is meant by "potential differences in preferences among hives cannot be discerned without additional analyses"
I added text to clarify.

L68: I'm not sure why the "however" is needed. The authors could combine these two sentences and point out that whether with commercial or wild bumble bee colonies, removal of pollen is conducted by capturing individual workers.
Corrected

L71: Since this is unpublished data, it's hard to say how this data came about, but this rate seems low. Researchers in our group for instance are able to remove a corbicular load roughly every 5 minutes for instance and I very much doubt we are the fastest. I do agree that whatever the manual rate is, it's going to be a LOT slower than multiple bees having their loads removed automatically as they walk through this system - so I'm not sure the specific number the authors discuss is needed. They could just point out the logic of the superiority of an automatic vs manual removal and leave it at that.
I removed the statement of rate.
L79: honey bee body size does vary, just not nearly as much as bumble bees. I would just add the word "does not vary much"
Changed as suggested
L94-L196: Are the acronyms for the various parts of the trap really necessary? It would be easier to read in my opinion if the authors referred to the parts of the pollen trap in full each time.
done throughout
L200: "at least one". Also, do the authors mean from a given returning forager (in other words, at least 1 of 2 possible loads)?
I am not sure how to change this “one orbicular load” is the load of one corbicula.
L217-219: What is individual and total efficiency? The former term is mentioned only twice, neither with a definition. Is it 'verified' through video footage? Rather, isn't it calculated from video footage and what's in the pollen trap?
Defined in lines 210-212.
L255-261: Again, I'm not convinced a particular example needs to be described. The authors could describe this with general logic: obviously to measure multiple cites more researchers are needed, and collection is going to depend on each individual's skill, etc, and it will undoubtedly be slower than automated, simultaneous, and continuous removal of pollen loads. I would be more interested in the authors comparing their system to the total intake of what bees actually bring in hourly/daily/weekly. This would give evidence of the accuracy and reliability of this system.
removed details of the rate of collection.
L279: The Couvillon paper cited here is inappropriate: it does not test how size relates to the frequency of pollen foraging trips. Russell et al. 2017 (Patterns of pollen and nectar foraging specialization by bumblebees over multiple timescales using RFID) and Hagbery & Nieh 2012 (Individual lifetime pollen and nectar foraging preferences in bumble bees.) and references within both do examine this.

L280: Worker size can vary over the season, but much better references are: Nhi Cao's 2014 unpublished PhD thesis and Hagbery & Nieh 2012 (Individual lifetime pollen and nectar foraging preferences in bumble bees).
references added as suggested
I seem to recall that Koppert and Biobest occasionally change the designs for their colony boxes. The authors may wish to include photos of the boxes they used for their pollen trap and the dates those boxes were purchased, to allow other researchers to replicate usage in the future.
We included photos of the Biobest boxes and the printer files are made available and are easily modified if nest designes change.

Reviewer #2:
Review for 3d printed polen trap for bumblebee hive entrances.

I found this paper generally straightforward. I did not try to actually make the trap, so I cannot comment on what is really the most important part: how well the protocol and apparatus work.

I have only one major comment. How does the issue of body size work? In the paper, you seem to suggest that if you pick a medium sized hole, it will get pollen from most foragers, but miss the smaller ones and exclude the larger ones. Is this true? Won't this have fairly significant effects on the colony's foraging dynamics to have larger foragers locked out? I don't know what a solution to this problem is, and it seems inherent in polymorphic species like bombus. I realize that you do address this in the manuscript, but I think you should make it a little more central, because it seems to be the one real problem in what is otherwise a nice piece of equipment.
I have added text in the discussion regarding this issue.

minor comments.

Lines 34-35: also note a drawback of the current method (that is, capturing and cooling) is that it disturbs behavior, and makes it difficult to conduct behavioral studies of foraging and collect pollen from incoming foragers.
modified as suggested
Line 50: sentence beginning with "they…" is awkward. Just state directly that they are important in both natural and agricultural systems.
modified as suggested
55: plants --> plant.
modified as suggested
90: implement? Do you mean "attach"?
modified as suggested
90: can they be used on natural colonies? I assume not, but you should say this explicitly.
modified as suggested
140: altering hive orientation? Do you mean having one hive face forward, the next backwards, the next forwards, etc down a row? As it reads, it sounds like you will alter the orientation while the poor bee is out foraging, which I'm sure would not help the workers find their way home!
modified for clarity
143: do you mean "remove any supplemental pollen"? How can you remove surplus pollen from the nest without ripping it apart and either getting stung or having to remove the bees first.
modified for clarity
166: what do you mean by "following recommendations of the supplier"?
modified for clarity
200: at least one… My take on this is that pollen data from these traps are qualitatively reliable (that is, you get a sample of what's coming in), but not quantitatively (more might come off one bee than another). Is this true? I don't know if this is true for apis pollen traps as well, but you should include this information.
added text to representative results to explain this
288: point 4) is interesting- can you please expand in a little more detail.
added text and a reference

Reviewer #3: 
This work introduces a newly-developed pollen trapping devise for bumble bees. I found that the devise has much potential to contribute to future pollination studies of bumblebees and one of the largest advantages of proposed method may be the accessibility to the devise: anyone can make it by a 3D printer with programs open for public. The authors honestly mention a potential weak point of this devise (possible failure in collecting pollen loads from small foragers) and give readers a proper caution. The manuscript is well-written and descriptions are clear enough. I have no major comments.

Minor comments:
line 49 "(Bombus sp.) " should be "(Bombus spp.) ". sp. and spp. should not be Italic. corrected
line 120 (Figure): Please indicate figure number. corrected
line 135 (Figure 1a): In the figure, components are indicated with upper-case letters (e.g., A, B, C…). Please unify the way for indicating figure components (with upper or lower case). corrected
line 195 "hive development" should be replaced with "colony development". corrected
lines 209 - 210 " filter designs that had raised structures… improved pollen removal…": It is unclear for me which one has such a structure in Table 1. Or, does this sentence mention about preliminary trials? Anyway, I cannot find supporting data for this description. corrected
line 268 (Figure 2.1): Please correct the figure number (there is no Fig. 2.1). corrected
Table 1: What is the difference in the design between Design ID 1 and 2, and among ID 4 - 8? Are they simple replicates with the same trap? Text added to address this
Figure 1: Please indicate CB, PF, TCI and TB in photos to help identifying. corrected


Reviewer #4: 
The authors provide details and results for a trap to safely remove pollen from bumble bees when returning to their nests. This is an important advance for research on pollen use by these insects, as it will save countless hours of tedious and risky fieldwork, waiting for bees to return to their colonies and them handling them to remove pollen. The paper is well written with appropriate background and information on how to implement this technique, and requires minimal editing.
26. …returning to a hive. Corrected as suggested
41. …we created a pollen trap… Corrected as suggested
45. Replace test with tests Corrected as suggested
49. No italics for sp., and it should be spp. Corrected as suggested
81-82. Make clear here that only a small proportion of the pollen is removed from honey bees. This can help set the reader's expectation that the goal is not 100% pollen removal. Excellent point. Edited as suggested.
131. Replace Insure with Ensure. Also line 180 and 185. Corrected as suggested
For Table 2, 1 d.p. is sufficient for the total efficiency values.
I could not see a title for the Table of Materials, and it seemed to only be showing Biobest colony information. Is there another for Koppert colonies? We did not include this here as the traps were only tested on Biobest colonies.  The trap is identical except how it attaches to the colony entrance.


Reviewer #5: 
Manuscript Summary:
The authors provide a detailed methodology and proof-of-concept data for a pollen trap for bumble bee colonies. Researchers studying bumble bees have been challenged by pollen collection at the hive entrance. This 3D pollen trap could significantly increase pollen collection efficiency for experiments and also provide important natural history details about pollen usage throughout a colony's lifetime by installing/uninstalling the trap.

Minor Concerns:
The manuscript and methods for the most part are easy to follow to replicate what the authors did. I have some specific comments in an effort to increase the clarity of the work.

Abstract
-Line 34. I have always assumed that it is also fairly traumatic for workers to be caught, their pollen removed, and then released. It seems like this pollen trap could remove that trauma for the workers as well. Edited as suggested
-Line 46. The abstract mentions "novel species", but it isn't clear what the authors are referring to because at this point. They haven't even said that the traps were designed for Bombus huntii colonies. We only learn that detail down in the Results. I would either remove "novel species" or instead say in the abstract that the traps were designed for B. huntii colonies but could be modified for other species of Bombus.  Added text to clarify this.

Introduction
-Line 55. Remove "can". Should read: "…on which bumble bees forage." Corrected as suggested
-Line 64. Not clear what the authors mean by "additional analyses". Too cryptic. Either they should clarify what they mean here or remove that part of the sentence. Corrected as suggested
-Both in the Abstract and in the Introduction, the authors make the point that collecting pollen from bumble bee colonies is challenging because of the variable size of the workers within a colony. The authors then never mention how the designed pollen traps overcome that challenge. It seems like they do so by using a flexible plastic the bees have to push through, correct? That needs to be stated explicitly either in the Introduction or the Discussion. Corrected as suggested on line 491-517.
-Lines 90-92. The last sentence of the Introduction was poorly worded and hard to follow. Reword for clarity. This paragraph was rewritten.

Protocol.
-Line 120. The figure callout is missing a number and panel letter. Corrected as suggested
-Line 180-186. We don't learn until the Results that the traps were placed on Bombus huntii colonies. I would include that detail here, and I would also recommend including a Table either in the main text or as a supplement listing the average worker body size (or maybe variation in worker body size - mean, min, and max for workers) for the most common commercially available bumble bee species. That will then give a researcher an idea of how much they may need to modify the trap protocol to work with their species of interest prior to tinkering to get the trap to work. I added the text to Lines 89-90 regarding Bombus huntii.  Regarding body sizes, I included general data from wild caught bumble bees that occurred in the literature on lines 522-525. 

Results
-Line 209-210. I think an image or specifically pointing to features in Figure 2 may help clarify what is meant by "raised structures extending away from the nest box" As four other reviewers did not identify this as an issue I am choosing not to add another image.
-Line 212. I appreciated that the authors provided variation in pollen collection amounts, but it would have been nice to be able to ascribe that variation to some factor(s). Was the variation due to the traps themselves? Worker body size variation and how well the traps worked given that variation? Colony size? Colony age? I am not sure how to respond to this. Are they suggesting an additional collection of data?  If so I cannot do that until COVID-19 restrictions are lifted by my university. I also feel that would be a significantly diffrnt study than the design of a method for pollen collection.

Discussion
-Line 268. The figure callout says (Figure 2.1). I think it should probably be (Figure 2a)? Corrected as suggested.
-Line 284. Add "the" in front of "presence". Corrected as suggested.

Figures
-Figure 1A-D. It would be nice if those images had a ruler or scale embedded at the bottom to get a sense of size.  Again, due to COVID-19 restrictions I cannot retake the photo.  I have added a note on the size of traps to the text.


