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Comments to the Author(s)

This is a much improved version. I could not find specific mentioning of sample sizes, please
could you add them in the main text as well as in the supplementary tables.

Review form: Reviewer 2

Is the manuscript scientifically sound in its present form?
Yes

Are the interpretations and conclusions justified by the results?
Yes

Is the language acceptable?
Yes

Do you have any ethical concerns with this paper?
No

Have you any concerns about statistical analyses in this paper?
No

Recommendation?
Accept with minor revision (please list in comments)

Comments to the Author(s)

This paper by Brito et al. investigates how vibrations of floral structures are transmitted between
different parts of the flower. This type of vibration occurs when bees visit the flower and
mechanically sonicate the flower to release pollen - buzz pollination. By artificially vibrating the
base of the flower and measuring the corresponding vibrations in the petals and anthers, the
authors find that the frequency of vibrations does not substantially change across different parts
of the flower. Additionally, the amplitude of vibrations in the petals is similar to the input
vibrations but is greatly increased in the anther tips. The authors suggest that this enhanced
amplitude would increase pollen release in the anthers.

The manuscript is well-written, clear and concise with helpful figures that sufficiently illustrate
the experimental set up and findings. The methodology is generally sound and the conclusions
drawn are appropriate. My only criticism would be that the application of vibrations to the base
of the flower is not very ecologically realistic given that bees would approach the anthers.
Nevertheless, I appreciate the experimental constraints and difficulty of applying vibration to the
anthers themselves.

One further suggestion relates to the finding that the different types of anthers do not appear to
show differences in amplitude. The authors suggest that this might be due to differences in
stiffness or geometry of the anther types. To further investigate this, the authors could use the
geometrical data from their previous paper (ref 28) on these flowers to approximately estimate
the second moment of area of the different anther types. This would help to understand whether
potential differences in flexural rigidity are likely to be due to geometry or material stiffness.
Beyond this, the study is well-designed and carried out and addresses a specific and interesting
issue regarding plant-pollinator interactions. The paper will be appreciated by those interested in
plant biomechanics, bee pollination and floral morphology.

A few minor points/typos below:

- Paragraph starting in line 62: consider stating at this point that species being studied here is
heteroantherous as it is implied but not clarified until the methods section.



- Line 79: “Does’ should be ‘Do’

- Line 124: ‘on’ should be “of’

- Line 140-141: ‘to” should be ‘at’

- Line 150: “specially” should be ‘especially’

Some minor changes to the code (removing the author's own directory information from the
code) would allow it to be more easily run by others - see comments on the section on data
availability.

Review form: Reviewer 3

Is the manuscript scientifically sound in its present form?
Yes

Are the interpretations and conclusions justified by the results?
Yes

Is the language acceptable?
Yes

Do you have any ethical concerns with this paper?
No

Have you any concerns about statistical analyses in this paper?
No

Recommendation?
Accept with minor revision (please list in comments)

Comments to the Author(s)

The present manuscript is a fantastic piece of work studying the vibrational properties of the
buzz-pollinated flowers of Solanum rostratum. The authors apply different sets of artificial
vibrations to single flowers and measure the response vibrations in different floral organs, i.e.
petals, feeding and pollinating stamens using laser vibrometry. They find lower vibration
resonance in petals than in anthers and conclude that anthers resonate differently than petals,
likely an adaptation to optimize pollen release.

This work is the first to demonstrate biomechanical differences in different floral tissues. The
manuscript is well written, the combination of methods is highly innovative (i.e. the use of laser
vibrometry to measure resonance in flowers) and analyses are sound. I only have a few minor
comments.

Comment on the title - the title is very plain now, it could be nice to add that you are studying
the transmission of vibrations in heterantherous flowers - I think this makes the story even
cooler, because you are dealing with the direct and indirect transmission of vibrations?

49 - insert “to” after “begin”

54 - I would say “focus on”

80 - remove “s” in “difference”

99 - are there bees visiting S. rostratum and not buzzing the flowers? Pollen thieves?

124 - should it not say “Shenzhen”?

125 - all that comes in brackets should go after “plate”?

Did you really vibrate for 5 minutes? Does resonance change over time? Is floral tissue wilting in
that time?

150 - remove the “s” in “vibrations”, and add “e” for “especially”
235 - remove “s” in “others”

246 - in “the” corolla

“_
S



266 - change “visiting” to “visitation”

Decision letter (RS0OS-201010.R0)

We hope you are keeping well at this difficult and unusual time. We continue to value your
support of the journal in these challenging circumstances. If Royal Society Open Science can assist
you at all, please don't hesitate to let us know at the email address below.

Dear Dr Brito

On behalf of the Editors, we are pleased to inform you that your Manuscript RSOS-201010
"Biomechanical properties of a buzz-pollinated flower" has been accepted for publication in Royal
Society Open Science subject to minor revision in accordance with the referees' reports. Please
find the referees' comments along with any feedback from the Editors below my signature.

We invite you to respond to the comments and revise your manuscript. Below the referees” and
Editors” comments (where applicable) we provide additional requirements. Final acceptance of
your manuscript is dependent on these requirements being met. We provide guidance below to
help you prepare your revision.

Please submit your revised manuscript and required files (see below) no later than 7 days from
today's (ie 20-Aug-2020) date. Note: the ScholarOne system will ‘lock” if submission of the
revision is attempted 7 or more days after the deadline. If you do not think you will be able to
meet this deadline please contact the editorial office immediately.

Please note article processing charges apply to papers accepted for publication in Royal Society
Open Science (https:/ /royalsocietypublishing.org/rsos/charges). Charges will also apply to
papers transferred to the journal from other Royal Society Publishing journals, as well as papers
submitted as part of our collaboration with the Royal Society of Chemistry

(https:/ /royalsocietypublishing.org/rsos/chemistry). Fee waivers are available but must be
requested when you submit your revision (https:/ /royalsocietypublishing.org/rsos/waivers).

Thank you for submitting your manuscript to Royal Society Open Science and we look forward
to receiving your revision. If you have any questions at all, please do not hesitate to get in touch.

Kind regards,

Anita Kristiansen
Editorial Coordinator

Royal Society Open Science
openscience@royalsociety.org

on behalf of Kevin Padian (Subject Editor)
openscience@royalsociety.org

Associate Editor Comments to Author:

Comments to the Author:

Thank you for the engaging manuscript. As you'll see, the referees have a number of suggestions
to 'get the paper over the line'. We look forward to receiving your revised manuscript in due
course.



Reviewer comments to Author:
Reviewer: 1

Comments to the Author(s)
This is a much improved version. I could not find specific mentioning of sample sizes, please
could you add them in the main text as well as in the supplementary tables.

Reviewer: 2

Comments to the Author(s)

This paper by Brito et al. investigates how vibrations of floral structures are transmitted between
different parts of the flower. This type of vibration occurs when bees visit the flower and
mechanically sonicate the flower to release pollen - buzz pollination. By artificially vibrating the
base of the flower and measuring the corresponding vibrations in the petals and anthers, the
authors find that the frequency of vibrations does not substantially change across different parts
of the flower. Additionally, the amplitude of vibrations in the petals is similar to the input
vibrations but is greatly increased in the anther tips. The authors suggest that this enhanced
amplitude would increase pollen release in the anthers.

The manuscript is well-written, clear and concise with helpful figures that sufficiently illustrate
the experimental set up and findings. The methodology is generally sound and the conclusions
drawn are appropriate. My only criticism would be that the application of vibrations to the base
of the flower is not very ecologically realistic given that bees would approach the anthers.
Nevertheless, I appreciate the experimental constraints and difficulty of applying vibration to the
anthers themselves.

One further suggestion relates to the finding that the different types of anthers do not appear to
show differences in amplitude. The authors suggest that this might be due to differences in
stiffness or geometry of the anther types. To further investigate this, the authors could use the
geometrical data from their previous paper (ref 28) on these flowers to approximately estimate
the second moment of area of the different anther types. This would help to understand whether
potential differences in flexural rigidity are likely to be due to geometry or material stiffness.
Beyond this, the study is well-designed and carried out and addresses a specific and interesting
issue regarding plant-pollinator interactions. The paper will be appreciated by those interested in
plant biomechanics, bee pollination and floral morphology.

A few minor points/typos below:

- Paragraph starting in line 62: consider stating at this point that species being studied here is
heteroantherous as it is implied but not clarified until the methods section.

- Line 79: ‘Does’ should be ‘Do’

- Line 124: ‘on’ should be “of’

- Line 140-141: “to” should be ‘at’

- Line 150: ‘specially” should be “especially’

Some minor changes to the code (removing the author's own directory information from the
code) would allow it to be more easily run by others - see comments on the section on data
availability.

Reviewer: 3

Comments to the Author(s)

The present manuscript is a fantastic piece of work studying the vibrational properties of the
buzz-pollinated flowers of Solanum rostratum. The authors apply different sets of artificial
vibrations to single flowers and measure the response vibrations in different floral organs, i.e.
petals, feeding and pollinating stamens using laser vibrometry. They find lower vibration
resonance in petals than in anthers and conclude that anthers resonate differently than petals,
likely an adaptation to optimize pollen release.



This work is the first to demonstrate biomechanical differences in different floral tissues. The
manuscript is well written, the combination of methods is highly innovative (i.e. the use of laser
vibrometry to measure resonance in flowers) and analyses are sound. I only have a few minor
comments.

Comment on the title - the title is very plain now, it could be nice to add that you are studying
the transmission of vibrations in heterantherous flowers - I think this makes the story even
cooler, because you are dealing with the direct and indirect transmission of vibrations?

49 - insert “to” after “begin”

54 - I'would say “focus on”

80 - remove “s” in “difference”

99 - are there bees visiting S. rostratum and not buzzing the flowers? Pollen thieves?

124 - should it not say “Shenzhen”?

125 - all that comes in brackets should go after “plate”?

Did you really vibrate for 5 minutes? Does resonance change over time? Is floral tissue wilting in
that time?

150 - remove the “s” in “vibrations”, and add “e” for “especially”

235 - remove “s” in “others”

246 - in “the” corolla

266 - change “visiting” to “visitation”
===PREPARING YOUR MANUSCRIPT===

Your revised paper should include the changes requested by the referees and Editors of your
manuscript. You should provide two versions of this manuscript and both versions must be
provided in an editable format:<ul><li>one version identifying all the changes that have been
made (for instance, in coloured highlight, in bold text, or tracked changes);</li><li>a 'clean'
version of the new manuscript that incorporates the changes made, but does not highlight them.
This version will be used for typesetting.</li></ul>

Please ensure that any equations included in the paper are editable text and not embedded
images.

Please ensure that you include an acknowledgements' section before your reference
list/bibliography. This should acknowledge anyone who assisted with your work, but does not
qualify as an author per the guidelines at https:/ /royalsociety.org/journals/ ethics-
policies/openness/ .

While not essential, it will speed up the preparation of your manuscript proof if you format your
references/bibliography in Vancouver style (please see

https:/ /royalsociety.org/journals/authors/author-guidelines/ #formatting). You should include
DOlIs for as many of the references as possible.

If you have been asked to revise the written English in your submission as a condition of
publication, you must do so, and you are expected to provide evidence that you have received
language editing support. The journal would prefer that you use a professional language editing
service and provide a certificate of editing, but a signed letter from a colleague who is a native
speaker of English is acceptable. Note the journal has arranged a number of discounts for authors
using professional language editing services

(https:/ /royalsociety.org/journals/authors/benefits/language-editing /).

===PREPARING YOUR REVISION IN SCHOLARONE===

To revise your manuscript, log into https:/ /mc.manuscriptcentral.com/rsos and enter your
Author Centre - this may be accessed by clicking on "Author" in the dark toolbar at the top of the
page (just below the journal name). You will find your manuscript listed under "Manuscripts
with Decisions". Under "Actions", click on "Create a Revision".



Attach your point-by-point response to referees and Editors at Step 1 'View and respond to
decision letter'. This document should be uploaded in an editable file type (.doc or .docx are
preferred). This is essential.

Please ensure that you include a summary of your paper at Step 2 'Type, Title, & Abstract'. This
should be no more than 100 words to explain to a non-scientific audience the key findings of your
research. This will be included in a weekly highlights email circulated by the Royal Society press
office to national UK, international, and scientific news outlets to promote your work.

At Step 3 'File upload' you should include the following files:

-- Your revised manuscript in editable file format (.doc, .docx, or .tex preferred). You should
upload two versions:

1) One version identifying all the changes that have been made (for instance, in coloured
highlight, in bold text, or tracked changes);

2) A 'clean' version of the new manuscript that incorporates the changes made, but does not
highlight them.

-- An individual file of each figure (EPS or print-quality PDF preferred [either format should be
produced directly from original creation package], or original software format).

-- An editable file of each table (.doc, .docx, xIs, .xlsx, or .csv).

-- An editable file of all figure and table captions.

Note: you may upload the figure, table, and caption files in a single Zip folder.

-- Any electronic supplementary material (ESM).

-- If you are requesting a discretionary waiver for the article processing charge, the waiver form
must be included at this step.

-- If you are providing image files for potential cover images, please upload these at this step, and
inform the editorial office you have done so. You must hold the copyright to any image provided.
-- A copy of your point-by-point response to referees and Editors. This will expedite the
preparation of your proof.

At Step 6 'Details & comments', you should review and respond to the queries on the electronic
submission form. In particular, we would ask that you do the following:

-- Ensure that your data access statement meets the requirements at

https:/ /royalsociety.org/journals/authors/author-guidelines/ #data. You should ensure that
you cite the dataset in your reference list. If you have deposited data etc in the Dryad repository,
please only include the 'For publication' link at this stage. You should remove the 'For review'
link.

-- If you are requesting an article processing charge waiver, you must select the relevant waiver
option (if requesting a discretionary waiver, the form should have been uploaded at Step 3 'File
upload' above).

-- If you have uploaded ESM files, please ensure you follow the guidance at

https:/ /royalsociety.org/journals/authors/author-guidelines/ #supplementary-material to
include a suitable title and informative caption. An example of appropriate titling and captioning
may be found at https:/ /figshare.com/articles/Table_S2_from_Is_there_a_trade-
off_between_peak_performance_and_performance_breadth_across_temperatures_for_aerobic_sc
ope_in_teleost_fishes_/3843624.

At Step 7 Review & submit', you must view the PDF proof of the manuscript before you will be
able to submit the revision. Note: if any parts of the electronic submission form have not been
completed, these will be noted by red message boxes.

Author's Response to Decision Letter for (RS0OS-201010.R0)

See Appendix A.



Decision letter (RS0S-201010.R1)

We hope you are keeping well at this difficult and unusual time. We continue to value your
support of the journal in these challenging circumstances. If Royal Society Open Science can assist
you at all, please don't hesitate to let us know at the email address below.

Dear Dr Brito,

It is a pleasure to accept your manuscript entitled "Biomechanical properties of a buzz-pollinated
flower" in its current form for publication in Royal Society Open Science.

You can expect to receive a proof of your article in the near future. Please contact the editorial
office (openscience_proofs@royalsociety.org) and the production office
(openscience@royalsociety.org) to let us know if you are likely to be away from e-mail contact -- if
you are going to be away, please nominate a co-author (if available) to manage the proofing
process, and ensure they are copied into your email to the journal.

Due to rapid publication and an extremely tight schedule, if comments are not received, your
paper may experience a delay in publication. Royal Society Open Science operates under a
continuous publication model. Your article will be published straight into the next open issue and
this will be the final version of the paper. As such, it can be cited immediately by other
researchers. As the issue version of your paper will be the only version to be published I would
advise you to check your proofs thoroughly as changes cannot be made once the paper is
published.

Please see the Royal Society Publishing guidance on how you may share your accepted author
manuscript at https:/ /royalsociety.org/journals/ ethics-policies/ media-embargo/ .

Thank you for your fine contribution. On behalf of the Editors of Royal Society Open Science, we
look forward to your continued contributions to the Journal.

Best regards,

Lianne Parkhouse

Editorial Coordinator

Royal Society Open Science
openscience@royalsociety.org

on behalf of Professor Kevin Padian (Subject Editor)
openscience@royalsociety.org

Follow Royal Society Publishing on Twitter: @RSocPublishing

Follow Royal Society Publishing on Facebook:

https:/ /www.facebook.com/RoyalSocietyPublishing. FanPage/

Read Royal Society Publishing's blog: https:/ /blogs.royalsociety.org/publishing/



Appendix A
Professor Vinicius L. G. Brito
Instituto de Biologia
Universidade Federal de Uberlandia

Brazil

August 26th, 2020

Professor Jeremy Sanders
Journal of the Royal Society Open Science
Editor

University of Cambridge

Dear Prof. Sanders,

We are pleased to submit the revised version of our manuscript entitled “Biomechanical
properties of a buzz-pollinated flower” (ID RSOS-201010 by Brito, Nunes, Resende,
Montealegre-Zapata, and Vallejo-Marin) that has been accepted pending minor
revisions as an original Research Article in the Journal of the Royal Society Open
Science (RSOS). All the minor changes were accepted and a detailed response letter

in which all reviewers’ comments were addressed (in blue) is given bellow.

I confirm that this contribution is original and that its preprint was previously
published in the BioRxiv server (18 March 2020; www.biorxiv.org/content/
10.1101/2020.03.17.995746v1) .

Please do not hesitate in contacting me if | can be of further assistance.

Sincerely,

Professor Vinicius L. G. Brito

Instituto de Biologia


https://www.biorxiv.org/content/10.1101/2020.03.17.995746v1
https://www.biorxiv.org/content/10.1101/2020.03.17.995746v1

Universidade Federal de Uberlandia

Response to the reviewers

Associate Editor Comments to Author:

Comments to the Author:
Thank you for the engaging manuscript. As you'll see, the referees have a number of
suggestions to 'get the paper over the line'. We look forward to receiving your revised

manuscript in due course.

Reviewer comments to Author:

Reviewer: 1

Comments to the Author(s)
This is a much improved version. | could not find specific mentioning of sample sizes,

please could you add them in the main text as well as in the supplementary tables.

Reply — We mention sample size in the main text, lines 167 — 172. We have now also

added sample sizes in legends of figures, tables and supporting material.

Reviewer: 2

Comments to the Author(s)

This paper by Brito et al. investigates how vibrations of floral structures are transmitted
between different parts of the flower. This type of vibration occurs when bees visit the
flower and mechanically sonicate the flower to release pollen — buzz pollination. By
artificially vibrating the base of the flower and measuring the corresponding vibrations
in the petals and anthers, the authors find that the frequency of vibrations does not
substantially change across different parts of the flower. Additionally, the amplitude of
vibrations in the petals is similar to the input vibrations but is greatly increased in the
anther tips. The authors suggest that this enhanced amplitude would increase pollen
release in the anthers.

The manuscript is well-written, clear and concise with helpful figures that sufficiently
illustrate the experimental set up and findings. The methodology is generally sound and

the conclusions drawn are appropriate. My only criticism would be that the application



of vibrations to the base of the flower is not very ecologically realistic given that bees
would approach the anthers. Nevertheless, | appreciate the experimental constraints
and difficulty of applying vibration to the anthers themselves.

R — We thank the reviewer for the positive and encouraging comments about our
manuscript. Our main aim in this study was to describe the vibrational properties of the
flower and not of the coupled bee-flower system. Applying controlled mechanical
vibrations as a bee would do onto a flower in a more realistic way as suggested by the
reviewer would be extremely challenging but is something that hopefully we will try in

the future.

One further suggestion relates to the finding that the different types of anthers do not
appear to show differences in amplitude. The authors suggest that this might be due to
differences in stiffness or geometry of the anther types. To further investigate this, the
authors could use the geometrical data from their previous paper (ref 28) on these
flowers to approximately estimate the second moment of area of the different anther
types. This would help to understand whether potential differences in flexural rigidity

are likely to be due to geometry or material stiffness.

R — We thank the reviewer for this great suggestion. We have followed this
recommendation and used anther measurements obtained from previous work on
Solanum rostratum (reference 17) to estimate the second moment of area in pollinating
and feeding anthers. We report this calculation in the Discussion, and conjecture on
how the higher second moment area of pollinating anthers compared to feeding
anthers could compensate for their length differences causing both anther types to

have similar vibration amplitudes (lines 238-247).

Beyond this, the study is well-designed and carried out and addresses a specific and
interesting issue regarding plant-pollinator interactions. The paper will be appreciated

by those interested in plant biomechanics, bee pollination and floral morphology.

A few minor points/typos below:

- Paragraph starting in line 62: consider stating at this point that species being studied

here is heteroantherous as it is implied but not clarified until the methods section.



R — As suggested, we have added here that the species studied here is heterantherous
(lines 62-63 and line 76).

- Line 79: ‘Does’ should be ‘Do’

R — Changed.

- Line 124: ‘on’ should be ‘of’

R — Changed.

- Line 140-141: ‘to’ should be ‘at’

R — Changed.

- Line 150: ‘specially’ should be ‘especially’

R — Changed.

Some minor changes to the code (removing the author's own directory information from
the code) would allow it to be more easily run by others - see comments on the section

on data availability.

R — We changed the code accordingly. We have not been able to see additional

comments on the “section on data availability” stated by the reviewer.

Reviewer: 3

Comments to the Author(s)

The present manuscript is a fantastic piece of work studying the vibrational properties
of the buzz-pollinated flowers of Solanum rostratum. The authors apply different sets of
artificial vibrations to single flowers and measure the response vibrations in different
floral organs, i.e. petals, feeding and pollinating stamens using laser vibrometry. They
find lower vibration resonance in petals than in anthers and conclude that anthers
resonate differently than petals, likely an adaptation to optimize pollen release.

This work is the first to demonstrate biomechanical differences in different floral
tissues. The manuscript is well written, the combination of methods is highly innovative
(i.e. the use of laser vibrometry to measure resonance in flowers) and analyses are

sound. | only have a few minor comments.



R - Thank you for the very positive evaluation of our manuscript.

Comment on the title — the title is very plain now, it could be nice to add that you are
studying the transmission of vibrations in heterantherous flowers — I think this makes
the story even cooler, because you are dealing with the direct and indirect transmission

of vibrations?

R — We have added “heteranthery” to the key words, but we would like to respectfully
request to keep the title as in the previous version. We fully agree that an exciting
aspect of the study system is the presence of stamen dimorphism within flowers, but
believe that adding the botanical term “heteranthery/hetherantherous” might provide a
language barrier for the majority of readers not already familiar with this peculiar term
of the botanical reproductive biology literature. We describe the presence of anther
dimorphism in the studied flowers throughout the text so that the readers can
familiarize themselves with the meaning of the term before is introduced. If the editor

still considers this necessary, we will be glad to modify the title.

49 — insert “to” after “begin”

R — Changed.

54 — | would say “focus on”

R — Changed.

80 — remove “s” in “difference”

R — Removed.

99 — are there bees visiting S. rostratum and not buzzing the flowers? Pollen thieves?

R — The reviewer is correct. Non-buzzing bees visit flowers of S. rostratum (eg Apis
mellifera). Pollen theft is also common in natural populations of this species. Both of
these observations are reported in a previous study by one of the authors (Solis-
Montero L., C. Vergara, and M. Vallejo-Marin. 2015. High incidence of pollen theft in
natural populations of a buzz-pollinated plant. Arthropod-Plant Interactions. 9: 599-611.
doi:10.1007/s11829-015-9397-5).


http://dx.doi.org/10.1007/s11829-015-9397-5

124 — should it not say “Shenzhen”?

R — Changed.

125 — all that comes in brackets should go after “plate™?

R — The reviewer is correct. Changed as suggested.

Did you really vibrate for 5 minutes? Does resonance change over time? Is floral tissue

wilting in that time?

R — Apologies for the confusion, we only played back 1.28s of the vibration for each
floral recording. We have modified the text to try to clarify this by deleting the 5 minute
reference and instead leaving only the amount of time actually played back to the
flower (1.28 s; line 165).

150 — remove the “s” in “vibrations”, and add “e” for “especially”
R — Changed.

235 — remove “s” in “others”

R — Changed.

246 —in “the” corolla

R — Changed.

266 — change “visiting” to “visitation’

R — Changed.



