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Yes
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Is the language acceptable?
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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 authors deployed accelerometers and speed sensors on large Atlantic blue fin tunas to show
their fine-scale swimming behavior in the wild. Although sample size is only two, I think the
authors did a great job, given the difficulties in obtaining this kind of data from large, wild tunas
(tag recovery points are very far). The data are new to science, and worthy of publication. I am
especially impressed by fast cruising speed of tunas. My comments are minor, and I believe this
paper will be a great contribution to Royal Society Open Science.

L43 Suggest deleting "a number of".

L53 Delete comma after "Tunas".

L77 "Up to".

L159-165 Suggest moving this part to methods

L168 CFL should be spelled out.

L184-185 Suggest moving this sentence to methods

L227 Suggest changing "dive angles" to "pitch angles" to avoid misunderstanding.

L.294-295 Here I cannot catch the point. Why are fast and steep ascents related to increasing
horizontal distance? What is "per unit of energetically intensive ascent'"?

L326 "between ascents and descents"

L391 Thermoregulation is functionally related to foraging in those fishes.

L406 Suggest deleting "a number of".

L.525-549 It's unclear to me why you didn't calibrate your paddle-whales in flow tanks (or

something similar)? I am concerned that the pitch method doesn't work well for fishes due to
shallow pitch angles in general (and that's why the relationships are so noisy?).

Review form: Reviewer 2

Is the manuscript scientifically sound in its present form?
No

Are the interpretations and conclusions justified by the results?
No



Is the language acceptable?
Yes

Is it clear how to access all supporting data?
No

Do you have any ethical concerns with this paper?
No

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

Recommendation?
Reject

Comments to the Author(s)
Attached (Appendix A).

Decision letter (RSOS-180946.R0)

03-Sep-2018
Dear Dr Gleiss:

Manuscript ID RS50S5-180946 entitled "Direct Measurement of Swimming and Diving Kinematics
of Giant Atlantic Bluefin Tuna (Thunnus thynnus)" which you submitted to Royal Society Open
Science, has been reviewed. The comments from reviewers are included at the bottom of this
letter.

In view of the criticisms of the reviewers, the manuscript has been rejected in its current form.
However, a new manuscript may be submitted which takes into consideration these comments.

Please note that resubmitting your manuscript does not guarantee eventual acceptance, and that
your resubmission will be subject to peer review before a decision is made.

You will be unable to make your revisions on the originally submitted version of your
manuscript. Instead, revise your manuscript and upload the files via your author centre.

Once you have revised your manuscript, go to https://mc.manuscriptcentral.com/rsos and login
to your Author Center. Click on "Manuscripts with Decisions," and then click on "Create a
Resubmission" located next to the manuscript number. Then, follow the steps for resubmitting
your manuscript.

Your resubmitted manuscript should be submitted by 03-Mar-2019. If you are unable to submit
by this date please contact the Editorial Office.

Please note that Royal Society Open Science will introduce article processing charges for all new
submissions received from 1 January 2018. Charges will also apply to papers transferred to Royal
Society Open Science from other Royal Society Publishing journals, as well as papers submitted
as part of our collaboration with the Royal Society of Chemistry



(http:/ /rsos.royalsocietypublishing.org/chemistry). If your manuscript is submitted and
accepted for publication after 1 Jan 2018, you will be asked to pay the article processing charge,
unless you request a waiver and this is approved by Royal Society Publishing. You can find out
more about the charges at http:/ /rsos.royalsocietypublishing.org/page/charges. Should you
have any queries, please contact openscience@royalsociety.org.

We look forward to receiving your resubmission.

Kind regards,

Royal Society Open Science Editorial Office
Royal Society Open Science
openscience@royalsociety.org

on behalf of Dr Denise Greig (Associate Editor) and Prof. Kevin Padian (Subject Editor)
openscience@royalsociety.org

Subject Editor Comments:
We hope that the authors will be able to address the comments, recalibrate as necessary, and
resubmit having addressed all reviewers' comments. Thanks for submitting.

Associate Editor Comments to Author (Dr Denise Greig):

These are fascinating data and it is clear that a lot of work went into this project. Deploying new
biologging technology onto fast moving pelagic species is no small feat, however the methods
and analyses need to be revised for clarity. Additionally one reviewer had serious concerns about
the post-processing of the telemetry data. I hope you will be willing to address his in-depth
concerns and resubmit this manuscript to RSOS.

My specific questions/comments below:

Great introduction!

Methods

The tag descriptions are confusing... I did not see anything about camera portion of the CATS tag
when sat tag portion and casing were described (although it is pictured in Figure 1). What about
the depth and temperature sensors - where on the tag are they located? Are they part of the
Wildlife Computers and ATS portions of the tag? comparable between the two tag types?
Programmed the same way?

Do you expect positively buoyant tag casings to affect your kinematic measurements?

Line 441 please change parenthetical to (see Figure 1 for CATS tag and Whitmore et al for CEFAS
Gé6a)

Results - the results are confusing/missing some information. Table 2 is helpful for the methods
and results, but in the text it is difficult to figure out which data were acquired from which fish. I
think maybe having the Methods at the end adds to the confusion - is there a reason that you
chose to do this?

Line 160 - first mention of the CATS tag (please add abbreviation) -

Unclear how "glides" are defined (using the video)? Video mentioned in the Discussion but not
Results

Line 234 - this is fish #1 also correct?

Line 453 and 459 - two undefined abbreviations (ABFT and GTR), GTR is defined later in Line
466

Line 459 - please add a references for the washers that are “previously described”

Figure 1D - is the photo upside down?

Figure 3..I thought you only had data from Fish #1 (CATS) and Fish #2 (G6a)? This figure shows
data from Fish #4?



Reviewers' Comments to Author:
Reviewer: 1

Comments to the Author(s)

The authors deployed accelerometers and speed sensors on large Atlantic blue fin tunas to show
their fine-scale swimming behavior in the wild. Although sample size is only two, I think the
authors did a great job, given the difficulties in obtaining this kind of data from large, wild tunas
(tag recovery points are very far). The data are new to science, and worthy of publication. I am
especially impressed by fast cruising speed of tunas. My comments are minor, and I believe this
paper will be a great contribution to Royal Society Open Science.

L43 Suggest deleting "a number of".

L53 Delete comma after "Tunas".

L77 "Up to".

L159-165 Suggest moving this part to methods

L168 CFL should be spelled out.

L184-185 Suggest moving this sentence to methods

L227 Suggest changing "dive angles" to "pitch angles" to avoid misunderstanding.

L.294-295 Here I cannot catch the point. Why are fast and steep ascents related to increasing
horizontal distance? What is "per unit of energetically intensive ascent'"?

L326 "between ascents and descents"

L391 Thermoregulation is functionally related to foraging in those fishes.

L406 Suggest deleting "a number of".

L.525-549 It's unclear to me why you didn't calibrate your paddle-whales in flow tanks (or
something similar)? I am concerned that the pitch method doesn't work well for fishes due to
shallow pitch angles in general (and that's why the relationships are so noisy?).

Reviewer: 2

Comments to the Author(s)
Attached

Author's Response to Decision Letter for (RSOS-180946.R0)

See Appendix B.
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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

Is it clear how to access all supporting data?
Yes

Do you have any ethical concerns with this paper?
No

Have you any concerns about statistical analyses in this paper?
I do not feel qualified to assess the statistics

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

Comments to the Author(s)

I am glad that the authors rectified the speed data. Nonetheless, the paper needs a careful proof-
reading, as ‘old” (wrong) numbers have not been replaced throughout. I have marked a few
places, but there can be more. Other than that, I recommend publication. It is a unique set of data.
Manuscript

1. L. 327-328: “swimming speed showed a non-linear relationship with tail-beat frequency for
Fish #2 (Figure 3).”

2. L. 820. Caption to Figure 3. The speed (and stride length) were not updated

3. L. 903. Caption to Figure 6. The speed (2.5 m/s) was not updated

Supplementary

1. Figure S2 (Supplementary S2) should be replaced. It is the old one.

Data in Dryad

1. The abstract seems to reflect the ‘old” speed calibration: to sustain 3 m/s, a tuna needs more
that 1Hz.

2. The CATS descent data seems to reflect the old calibration. Please check.

3. Some of the columns need units and need explanation. For example, in CATS data: what are
Dmin and Dmax? What is the difference between TBF and TBF_Hz? (The latter is the reciprocal of
the former, and hence the first TBF is probably the tail-beat period in seconds, and not the
frequency). Is TBF in the second file the frequency or the period?

4. I would be happier to see representative time series (at least one full period) of yo-yo, slow
speed burst-and-coast, high speed burst-and-coast, and steady swimming, rather than the
averaged data appearing in Dryad (it can be down-sampled to 10 HZ with hardly any harm).
Having both would have been even better.

Miscellaneous comments

1. L. 282: “Velocity”

2. L. 294: “Cats”

3. L. 778 (Ref. [77]): I am not sure if this reference will pass the production people.



4. Figure 3: I would have added lines of constant stride length v/TBF for a reference.

5. I would have been more careful in interpretations of yo-yo and burst-and-coast strategies. Both
can reduce the cost of transport only if (chemo-mechanical) propulsion efficiency is either thrust-
or speed- dependent (Ref. [28], [65] and also the reference cited in footnote 2 of the first review).
With constant propulsion efficiency, the swimming strategy that minimizes the cost of transport
is constant-speed-constant-depth. In the context of these strategies, a few specific comments:

L. 406-410. This is a conjecture. I am not sure if the statement is supported by the data.

L. 435: During acceleration/ascent the fish “pays’ for the lack of activity during deceleration/
descent by increasing its TBF, and therefore the frequency argument should probably be
reworded. Adding the word ‘red” before the word ‘muscles’ could solve most of the problem [65].
L. 473-476: The difference in energetic costs of ascent and descent is independent of speed. It is
just the difference in the potential energy (submerged weight times the change in depth) divided
by the propulsion efficiency.

L. 493: And also the flex at the caudal peduncle.

Decision letter (RSOS-190203.R0)

07-Mar-2019
Dear Dr Gleiss

On behalf of the Editor, I am pleased to inform you that your Manuscript RSOS-190203 entitled
"Direct Measurement of Swimming and Diving Kinematics of Giant Atlantic Bluefin Tuna
(Thunnus thynnus)" has been accepted for publication in Royal Society Open Science subject to
minor revision in accordance with the referee suggestions. Please find the referees' comments at
the end of this email.

The reviewers and Subject Editor have recommended publication, but also suggest some minor
revisions to your manuscript. Therefore, I invite you to respond to the comments and revise your
manuscript.

* Ethics statement

If your study uses humans or animals please include details of the ethical approval received,
including the name of the committee that granted approval. For human studies please also detail
whether informed consent was obtained. For field studies on animals please include details of all
permissions, licences and/or approvals granted to carry out the fieldwork.

* Data accessibility

It is a condition of publication that all supporting data are made available either as
supplementary information or preferably in a suitable permanent repository. The data
accessibility section should state where the article's supporting data can be accessed. This section
should also include details, where possible of where to access other relevant research materials
such as statistical tools, protocols, software etc can be accessed. If the data has been deposited in
an external repository this section should list the database, accession number and link to the DOI
for all data from the article that has been made publicly available. Data sets that have been
deposited in an external repository and have a DOI should also be appropriately cited in the
manuscript and included in the reference list.

If you wish to submit your supporting data or code to Dryad (http://datadryad.org/), or modify
your current submission to dryad, please use the following link:



http:/ /datadryad.org/submit?journalID=RSOS&manu=RS0OS-190203

* Competing interests
Please declare any financial or non-financial competing interests, or state that you have no
competing interests.

* Authors’ contributions

All submissions, other than those with a single author, must include an Authors” Contributions
section which individually lists the specific contribution of each author. The list of Authors
should meet all of the following criteria; 1) substantial contributions to conception and design, or
acquisition of data, or analysis and interpretation of data; 2) drafting the article or revising it
critically for important intellectual content; and 3) final approval of the version to be published.

All contributors who do not meet all of these criteria should be included in the
acknowledgements.

We suggest the following format:

AB carried out the molecular lab work, participated in data analysis, carried out sequence
alignments, participated in the design of the study and drafted the manuscript; CD carried out
the statistical analyses; EF collected field data; GH conceived of the study, designed the study,
coordinated the study and helped draft the manuscript. All authors gave final approval for
publication.

* Acknowledgements
Please acknowledge anyone who contributed to the study but did not meet the authorship
criteria.

* Funding statement
Please list the source of funding for each author.

Please note that we cannot publish your manuscript without these end statements included. We
have included a screenshot example of the end statements for reference. If you feel that a given
heading is not relevant to your paper, please nevertheless include the heading and explicitly state
that it is not relevant to your work.

Because the schedule for publication is very tight, it is a condition of publication that you submit
the revised version of your manuscript before 16-Mar-2019. Please note that the revision deadline
will expire at 00.00am on this date. If you do not think you will be able to meet this date please let
me know immedjiately.

To revise your manuscript, log into https:/ /mc.manuscriptcentral.com/rsos and enter your
Author Centre, where you will find your manuscript title listed under "Manuscripts with
Decisions". Under "Actions," click on "Create a Revision." You will be unable to make your
revisions on the originally submitted version of the manuscript. Instead, revise your manuscript
and upload a new version through your Author Centre.

When submitting your revised manuscript, you will be able to respond to the comments made by
the referees and upload a file "Response to Referees" in "Section 6 - File Upload". You can use this
to document any changes you make to the original manuscript. In order to expedite the
processing of the revised manuscript, please be as specific as possible in your response to the
referees.

When uploading your revised files please make sure that you have:



1) A text file of the manuscript (tex, txt, rtf, docx or doc), references, tables (including captions)
and figure captions. Do not upload a PDF as your "Main Document".

2) A separate electronic file of each figure (EPS or print-quality PDF preferred (either format
should be produced directly from original creation package), or original software format)

3) Included a 100 word media summary of your paper when requested at submission. Please
ensure you have entered correct contact details (email, institution and telephone) in your user
account

4) Included the raw data to support the claims made in your paper. You can either include your
data as electronic supplementary material or upload to a repository and include the relevant doi
within your manuscript

5) All supplementary materials accompanying an accepted article will be treated as in their final
form. Note that the Royal Society will neither edit nor typeset supplementary material and it will
be hosted as provided. Please ensure that the supplementary material includes the paper details
where possible (authors, article title, journal name).

Supplementary files will be published alongside the paper on the journal website and posted on
the online figshare repository (https:/ /figshare.com). The heading and legend provided for each
supplementary file during the submission process will be used to create the figshare page, so
please ensure these are accurate and informative so that your files can be found in searches. Files
on figshare will be made available approximately one week before the accompanying article so
that the supplementary material can be attributed a unique DOL

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

Kind regards,

Andrew Dunn

Royal Society Open Science Editorial Office
Royal Society Open Science
openscience@royalsociety.org

on behalf of Dr Denise Greig (Associate Editor) and Kevin Padian (Subject Editor)
openscience@royalsociety.org

Associate Editor Comments to Author (Dr Denise Greig):

Associate Editor

Comments to the Author:

I would like to commend the authors for the trouble shooting they did to figure out and correct
the manufacturer's mistake. I also very much appreciate the clarifications in the method section
and the response to reviewers. Like Reviewer #2 notes, there are still a few leftover typos from
the first version, but once those are corrected, this will be an interesting addition to the literature
on marine animal locomotion.

Below are the typos I noticed:

Line 143. Delete the word “been”

Line 217. Correct “sing” to “using”

Line 218. Delete “was”

Line 243. Add “(CWT)” as you use this abbreviation in the next sentence? (if that is the correct
interpretation)

Line 289-290. Change to “two CATS camera tags” (I think you used the CATS abbreviation
above)



Line 380. Should this be Fish #1? As everything above was talking about Fish #2? Please be
consistent and refer to either Bluefin #1 and #2 or Fish #1 and #2 and use whichever
nomenclature you prefer in Figure 3 as well.

Table 3. Please add a space and an "s" to "363 descents" in the Table title.

Reviewer comments to Author:
Reviewer: 2

Comments to the Author(s)

I am glad that the authors rectified the speed data. Nonetheless, the paper needs a careful proof-
reading, as ‘old” (wrong) numbers have not been replaced throughout. I have marked a few
places, but there can be more. Other than that, I recommend publication. It is a unique set of data.
Manuscript

1. L. 327-328: “swimming speed showed a non-linear relationship with tail-beat frequency for
Fish #2 (Figure 3).”

2. L. 820. Caption to Figure 3. The speed (and stride length) were not updated

3. L. 903. Caption to Figure 6. The speed (2.5 m/s) was not updated

Supplementary

1. Figure S2 (Supplementary S2) should be replaced. It is the old one.

Data in Dryad

1. The abstract seems to reflect the ‘old” speed calibration: to sustain 3 m/s, a tuna needs more
that 1Hz.

2. The CATS descent data seems to reflect the old calibration. Please check.

3. Some of the columns need units and need explanation. For example, in CATS data: what are
Dmin and Dmax? What is the difference between TBF and TBF_Hz? (The latter is the reciprocal of
the former, and hence the first TBF is probably the tail-beat period in seconds, and not the
frequency). Is TBF in the second file the frequency or the period?

4. I would be happier to see representative time series (at least one full period) of yo-yo, slow
speed burst-and-coast, high speed burst-and-coast, and steady swimming, rather than the
averaged data appearing in Dryad (it can be down-sampled to 10 HZ with hardly any harm).
Having both would have been even better.

Miscellaneous comments

1. L. 282: “Velocity”

2. L. 294: “Cats”

3. L. 778 (Ref. [77]): I am not sure if this reference will pass the production people.

4. Figure 3: I would have added lines of constant stride length v/TBF for a reference.

5. I would have been more careful in interpretations of yo-yo and burst-and-coast strategies. Both
can reduce the cost of transport only if (chemo-mechanical) propulsion efficiency is either thrust-
or speed- dependent (Ref. [28], [65] and also the reference cited in footnote 2 of the first review).
With constant propulsion efficiency, the swimming strategy that minimizes the cost of transport
is constant-speed-constant-depth. In the context of these strategies, a few specific comments:

L. 406-410. This is a conjecture. I am not sure if the statement is supported by the data.

L. 435: During acceleration/ascent the fish ‘pays’ for the lack of activity during deceleration/
descent by increasing its TBF, and therefore the frequency argument should probably be
reworded. Adding the word ‘red” before the word ‘muscles’ could solve most of the problem [65].
L. 473-476: The difference in energetic costs of ascent and descent is independent of speed. It is
just the difference in the potential energy (submerged weight times the change in depth) divided
by the propulsion efficiency.

L. 493: And also the flex at the caudal peduncle.



Author's Response to Decision Letter for (RSOS-190203.R0)

See Appendix C.

Decision letter (RSOS-190203.R1)

09-Apr-2019
Dear Dr Gleiss,

I am pleased to inform you that your manuscript entitled "Direct Measurement of Swimming and
Diving Kinematics of Giant Atlantic Bluefin Tuna (Thunnus thynnus)" is now accepted 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 openscience@royalsociety.org) to let us know if
you are likely to be away from e-mail contact. 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

(http:/ /bit.ly/cpFAQ). 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.

On behalf of the Editors of Royal Society Open Science, we look forward to your continued
contributions to the Journal.

Kind regards,

Royal Society Open Science Editorial Office
Royal Society Open Science
openscience@royalsociety.org

on behalf of Dr Denise Greig (Associate Editor) and 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
The paper presents a unique set of data, but having great concerns about the accuracy
(coherency) of this data, | am not in favor of publication. The following comments address
mainly the data issue.
The data
1. The quoted speed values do not fit anything I know about fish locomotion. It is quite unlikely
that fish # 1 (and, by extension, fish # 2) swam faster than 3 m/s at all times. It is equally
unlikely that a fish (any fish) will use a burst-and-coast swimming strategy at high speed. Four
different arguments to support the first claim follow immediately below. The second claim is
recapitulated in item 3.

I will start with the basic data that will be needed to present the first three arguments. It

is summarized in the following table:

parameter source value
fork length | (m) table 1 of the paper 2.42
mass m (kg) FishBase 228
effective diameter d (m) | from mass, assuming double-ogive shape | 0.46
cross section area S (m?) | g2 /4 0.17

The mass was estimated from the fork length using a regression from FishBase (a=0.0231,
b=2.934); the effective diameter and the cross section area were estimated from the mass
estimate by assuming that the body has a shape of a double-ogive. Hydrodynamic
characteristics (drag and power — parasite and induced) were estimated using the methods
outlined in the supplementary material to Ref. [28]. Parasite drag estimate has accounted for
five fins: a pair of pectorals, second dorsal, anal and caudal. Relevant dimensions were
measured on a photograph found on the net.*

Estimates of the induced drag (drag due to lift) were based on the assumption that most

1

https://www.google.co.il/search?hl=en&tbm=isch&source=hp&biw=1198&bih=7148&ei=sFSIW4SoGYT6qwGpgq
HIAwW&qg=bluefin+tuna&og=bluefin+tuna&gs l=img.3..0110.2034.8639.0.8964.13.10.0.3.3.0.220.1281.0j4{3.7.0..
..0...1ac.1.64.img..3.10.1299....0. EV8z78lQil#imgrc=06xQrDy4w-t9UM:



https://www.google.co.il/search?hl=en&tbm=isch&source=hp&biw=1198&bih=714&ei=sFSIW4SoGYT6qwGpgqHIAw&q=bluefin+tuna&oq=bluefin+tuna&gs_l=img.3..0l10.2034.8639.0.8964.13.10.0.3.3.0.220.1281.0j4j3.7.0....0...1ac.1.64.img..3.10.1299....0._EV8z78lQiI#imgrc=06xQrDy4w-t9UM
https://www.google.co.il/search?hl=en&tbm=isch&source=hp&biw=1198&bih=714&ei=sFSIW4SoGYT6qwGpgqHIAw&q=bluefin+tuna&oq=bluefin+tuna&gs_l=img.3..0l10.2034.8639.0.8964.13.10.0.3.3.0.220.1281.0j4j3.7.0....0...1ac.1.64.img..3.10.1299....0._EV8z78lQiI#imgrc=06xQrDy4w-t9UM
https://www.google.co.il/search?hl=en&tbm=isch&source=hp&biw=1198&bih=714&ei=sFSIW4SoGYT6qwGpgqHIAw&q=bluefin+tuna&oq=bluefin+tuna&gs_l=img.3..0l10.2034.8639.0.8964.13.10.0.3.3.0.220.1281.0j4j3.7.0....0...1ac.1.64.img..3.10.1299....0._EV8z78lQiI#imgrc=06xQrDy4w-t9UM

of the lift is generated by the pectoral fins. The estimate are greatly affected by the excess
density parameter (the ratio of the excess density to the density of water) k.-, which is a priori
unknown. The values in the following table have been based on k. = 0.04, the maximal value

| deemed acceptable based on the lift coefficient (and the fact that large tunas have a swim
bladder). Halving the excess density parameter would have reduced the induced drag four-fold,

but it would have hardly affect the total drag, especially at high speed.

parameter units value

swim speed v m/s | 1.0 2.0 3.0
parasite drag coefficient C, based on cross section area S 012 |0115|01
induced drag coefficient K based on cross section area S 0.065 | 0.065 | 0.065
lift coefficient C, based on cross section area S and kg 105 |0.26 |0.12

=0.04 (where kg is the relative excess density)

parasite drag at 15°C D, =(1/2) pv*SC,, (where p is the | N 13 36 75

density of water)
total drag (parasite and induced) at 15°C with k. =0.04 | N 16 37 76

D= (1/2),0V25CD
hydrodynamic power associated with parasite drag | watt | 16 75 227
P= (1/2)pV3SCD
initial deceleration with no tail beat a=D/m(1+k,) (where | m/s* | 0.068 | 0.15 | 0.31
k, =~0.06 is the added mass fraction)
sustained descent rate with no tail beat v, = P/mgk. basedon | m/s | 0.18 | 0.84 | 2.54
ke =0.04

When a fish stops powering its tail but continues to swim at the same depth, it must lose

its kinetic energy. The deceleration can be estimated as the ratio of its drag D = (J/Z)pVZSCD
to its apparent mass m(1+ k,). Estimating the added mass m, =k,m at 6% of the real mass

[27], the initial deceleration at 3 m/s should have been 0.32 m/s2. Shutting the power off for 3
seconds (left panel in figure 4), should have reduced the swim speed by almost 1 m/s. | do not
see a change of this magnitude on figure 4. It is possible that the speed measurement was simply
to slow to capture speed variations on time scale of 1 sec, but then the speed should not have

been displayed in the context of burst-and-coast swimming. Shutting the power off for 3



seconds at 1 m/s would have led to the loss of only 0.2 m/s in the swim speed.
When a negatively buoyant fish stops powering its tail but continues to swim at the same
speed, it must lose its potential energy — in other words, it must go down. The required rate of

descent can be estimated as the ratio of the hydrodynamic power needed to overcome drag

P :(]/Z)pV3SCD and the submerged weight ky-mg . Perhaps counterintuitively, large k.
make the descent rate needed to supply the power smaller. With k. =0.04, the descent rate that

would have been needed to sustain the swim speed of 3 m/s is 2.5 m/s. It can be interpreted as

a 60° dive. It is not what we see. With k¢ =0.02, the descent rate that would have been needed

to sustain the 3 m/s exceeds the swim speed!
| can put it differently. A 1 min-35 m-dive shown on the right panel of figure 4 implies

that the fish was descending at 0.6 m/s. With k. =0.04, the rate of loss of the potential energy
Ksemgv, is 52 watt. This power can sustain a swim speed of 1.8 m/s (to sustain 3 m/s, K

should have been an impossible 0.16). Sinking at 0.6 m/s while swimming at 1.8 m/s can be
interpreted as a 19° dive. With pitch attitude of 15°, this estimate is viable. | draw the authors’
attention to the fact that the swimming direction will typically lie below the body axis.
Closely following [28] (actually, closely following reference [12] in [28]), and assuming
body temperature of 20°C, | estimate the standard metabolic rate at 0.35 mmol ATP/s.
Combined with hydrodynamic parameters listed in the preceding table (together with
hydrodynamic propulsion efficiency of 0.7 and muscle efficiency of 24 Joule per mmol ATP)
it yields approximately 1 m/s for the swim speed that minimizes the cost of transport. | could
err two-fold in the standard metabolic rate, which would have yielded a 30% higher optimal
speed, and | could err two-fold in the excess density parameter, which would have yielded a
20% lower speed - but | could not err three-fold in the optimal swim speed. It is unlikely that a

fish (any fish) will swim 48 hours at two or three times the energetically-optimal speed.



Ref. [63] reports the stride length (the distance travelled over one tail-beat) for kawakawa
(Euthynnus affinis) - a typical thunniform swimmer similar in appearance to the bluefin tuna. |
recapitulated the relevant data from that reference in the following table. Stride length does not
exceed 0.6 body length. I see this result as rather general, because basic biomechanical analysis
(' will skip the one-page derivation here) shows that the optimal stride length for a thunniform
swimmer should be, roughly, the same at the lateral travel of the caudal fin during a tailbeat
(i.e. twice the lateral side-to-side amplitude of the caudal fin). Because the latter is limited by
flexibility of the fish body, the stride length of 1.4 body lengths implied here (swimming 1.2
body length a second at 0.9 HZ) seems very unlikely. By the way, in view of the uncertainty in
the speed calibration, | would have been very careful claiming a non-linear tail-beat-frequency-

speed relation.

parameter value | value | value | value | value
swim speed v (body lengths per second) 3.1 3.8 4 4.7 8.2
tail-beat frequency f (Hz) 7.7 9.1 10 125 | 14.3
tail amplitude A (side-to-side, body lengths) | 0.16 | 0.26 | 0.25 | 0.2 0.34
stride length 2 =v/f (body lengths) 040 042 |04 |0.38 |0.57

2. 1 do not understand why the authors did not calibrate the speed sensor ‘in vitro’ — if not before
its deployment, at least after the recorder has been retrieved. Having printed the impeller implies
that an identical copy can be printed again, and therefore the device can be replicated even if
the original one has been damaged. Because the paper strongly relies on the speed data, | urge

the authors to make the direct calibration and not to rely on an indirect one.

3. Burst and coast strategy is energetically justified only if chemo-mechanical propulsion
efficiency depends on thrust or/and on the twitch frequency [68].2 The propulsion efficiency

can certainly change at low speeds because the caudal peduncle may not be flexible enough,

2 “Locomotion of neutrally buoyant fish with flexible caudal fin,” Journal of Theoretical Biology 399, 2016, pp.
159-165, http://dx.doi.org/10.1016/].jtbi.2016.04.001



but I can hardly see how it can change at 3 m/s, which is a large fraction of the maximal speed.

The same remark applies to the locomotion efficiency of the yoyo diving.

Small comments (in no particular order)

1. Itis possible that | missed it, but water temperature is nowhere to be found. It is an important
parameter.

2. | think that the mass estimate should appear in the paper. It is important as well.

3. The quality of the figures is inadequate to extract any quantitative information. Either the
quality of the figures should be improved, or the data should be made available as
supplementary material.

4. 1 think that galvanic-timed release should have been tested in a lab before the claim is made

on its malfunction. It is possible that a different lesson can been learnt from the delayed releases.



Appendix B

Subject Editor Comments:
We hope that the authors will be able to address the comments, recalibrate as necessary, and
resubmit having addressed all reviewers' comments. Thanks for submitting.

Associate Editor Comments to Author (Dr Denise Greig):

These are fascinating data and it is clear that a lot of work went into this project. Deploying new
biologging technology onto fast moving pelagic species is no small feat, however the methods
and analyses need to be revised for clarity. Additionally one reviewer had serious concerns
about the post-processing of the telemetry data. | hope you will be willing to address his in-
depth concerns and resubmit this manuscript to RSOS.

We would like to thank the editor for providing us with the opportunity to revise the manuscript.
Below we have given a point-by-point response to both referees. We have not provided a detailed re-
buttal to the first part of the criticisms by referee #2, as related to the swimming speeds being
impossibly high, as he is correct in every single point. We were suspicious of our speed estimates
early on in this work ourselves and indeed, performed these calibrations and a number of validations
(dive angles vs vertical velocities vs dive depths) to consistently receive the same results. Indeed, our
good relationships of TBF and swimming performance also suggested our work was valid.

After careful reading of the criticisms of referee #2, however, we performed the analysis one more
time just to get the same results. This suggested that the only remaining problem was in the hardware
of the data-logger, since if the estimation of depth by the tag was incorrect, all our post-processing
down-stream would be incorrect too. After consulting a detailed bathymetric map of the location
where the fish was released, we found that the recorded depths was exactly twice as large as the sea-
bed depth at that particular location. After approaching the manufacturer with this information, they
conceded that at times 10 and 20 bar sensors were mixed up (apparently, their supplier provides these
unlabelled). Thus is appears a 20bar sensor, rather than 10bar sensor was installed in our unit, which
was then calibrated with the same parameters as a 10bar unit, thus reporting depth values that are
twice as large. Because the error was introduced in the depth calibration, all speed calibrations
appeared valid. We have recalibrated the sensor and adjusted all reported data in the manuscript. We
hope the referee find the data now match the theoretical expectations and we look forward to his
detailed comments about our manuscript.

We apologies to referee #1 that are speed estimates are now far more “ordinary”, than the previous
estimates, although bluefin are still very fast given the temperatures.

My specific questions/comments below:
Great introduction!

Thank you.

Methods

The tag descriptions are confusing... I did not see anything about camera portion of the CATS
tag when sat tag portion and casing were described (although it is pictured in Figure 1). What
about the depth and temperature sensors —where on the tag are they located? Are they part of
the Wildlife Computers and ATS portions of the tag? comparable between the two tag types?
Programmed the same way?

We have moved the methods to follow the introduction. We agree that this has made it considerably
easier to follow the narrative. We have also added more detail about the sensors and their sampling
regimes. Lack of this information was an unnecessary oversight. Apologies.



Added to line 202:

CATS tags sampled tri-axial acceleration, depth and temperature (and additional other sensor data
not used here) at 40 Hz. In addition to its suit of sensors, the CATS tags contained a digital camera
facing the rear of the fish to validate signals from the accelerometers and to document the fishes’
environment.

Added to line 222:
CEFAS G6as sensor array contained tri-axial accelerometers sampled at 30 Hz here, as well as
temperature and depth sampled at 1 Hz.

Do you expect positively buoyant tag casings to affect your kinematic measurements?

This is a very good question. We did not perform guantitative tests of the buoyancy of the tags
compared to those of tuna, but instead minimised excessive positive buoyancy through floatation
tests. We have added the following to line 180:

Both types of tags were encased in positively buoyant foam to permit floatation following pop-off,
potentially altering buoyancy of its carrier. During the design-process excessive positive buoyancy
was minimised to reduce this effect. Completely assembled tags only showed marginal positive
buoyancy as evidenced by only a very small fraction of the tags protruding above the water’s surface
while floating.

Line 441 please change parenthetical to (see Figure 1 for CATS tag and Whitmore et al for
CEFAS G6a)

Done

Results — the results are confusing/missing some information. Table 2 is helpful for the methods
and results, but in the text it is difficult to figure out which data were acquired from which fish.
I think maybe having the Methods at the end adds to the confusion — is there a reason that you
chose to do this?

We have moved the methods before the Results and feel this has helped with clarity.

Line 160 — first mention of the CATS tag (please add abbreviation) - Unclear how "glides™ are
defined (using the video)? Video mentioned in the Discussion but not Results Line 234 — this is
fish #1 also correct?

Agreed that this was somewhat unclear as a result of the methods being placed at the end of
manuscript. The section detailing the definition of glides from sensor data is now appears before the
results section. This hopefully helps the reader to understand how passive periods were defined.

Line 453 and 459 — two undefined abbreviations (ABFT and GTR), GTR is defined later in Line
466 Line 459 — please add a references for the washers that are “previously described”
Done



Figure 1D - is the photo upside down?

The angle that the photo was taken in was awkward. If the picture is used right-way up and it appears
even stranger than the upside-down version chosen. Apologies, but we have no other images to
improve this.

Figure 3..1 thought you only had data from Fish #1 (CATS) and Fish #2 (G6a)? This figure
shows data from Fish #4?
This has been corrected

Reviewers' Comments to Author:
Reviewer: 1

Comments to the Author(s)

The authors deployed accelerometers and speed sensors on large Atlantic blue fin tunas to show
their fine-scale swimming behavior in the wild. Although sample size is only two, | think the
authors did a great job, given the difficulties in obtaining this kind of data from large, wild
tunas (tag recovery points are very far). The data are new to science, and worthy of publication.
I am especially impressed by fast cruising speed of tunas. My comments are minor, and | believe
this paper will be a great contribution to Royal Society Open Science.

Thank you for your encouraging words. We hope you find the manuscript improved as a result of the
review.

L43 Suggest deleting ""a number of*".
Done

L53 Delete comma after *"Tunas"".
Done

L77 "Up to".
Done

L159-165 Suggest moving this part to methods
The methods section has been moved from the end of the manuscript to following the introduction
and this comment has been resolved as a result.




L168 CFL should be spelled out.
Done

L184-185 Suggest moving this sentence to methods
The methods section has been moved from the end of the manuscript to following the introduction
and this comment has been resolved as a result.

L227 Suggest changing "'dive angles’ to "'pitch angles' to avoid misunderstanding.
Done. Also replaced later on in the MS.

L294-295 Here | cannot catch the point. Why are fast and steep ascents related to increasing
horizontal distance? What is "'per unit of energetically intensive ascent™?

After reading this sentence again, we agree that some unpacking may be necessary. We have
expanded the sentence in the following manner. We hope this somewhat clarifies the point.

Dives also feature marginally asymmetrical geometries, ascents are both faster and steeper than
descents, thus decreasing the time engaged in the energetically expensive portion of a dive and
increasing the amount of time engaged in gliding phases at shallow angles, thus increasing horizontal
distance traversed per unit energy.

L326 ""between ascents and descents"'
Done

L391 Thermoregulation is functionally related to foraging in those fishes.
Indeed. We have clarified this point by adding the following to the sentence:
Certainly for Atlantic bluefin tuna and other species of tunas, thermoregulation has been a prominent

explanation for vertical excursions, permitting fish to feed below the thermocline while maintaining
elevated muscle temperatures [48, 49]

L406 Suggest deleting "*a number of*".

Done



L525-549 It's unclear to me why you didn't calibrate your paddle-whales in flow tanks (or
something similar)? | am concerned that the pitch method doesn't work well for fishes due to
shallow pitch angles in general (and that's why the relationships are so noisy?).

This is a very good question. My personal opinion, and | currently have no data to back this up, is that
because of boundary layer issues, ingression of particles or non-standardised placement of tags on
animals, in situ offer a better means for calibration. It is true that the shallow angles likely result in
increased errors, but these are unlikely to bias the estimation, because error should be equal in over
and underestimation (although variable angle of attack will cause some minor biases). The procedure
we used results in a data-rich data-set, which | argue takes care of this problem. | think our very tight
relationships between tail-beat frequency are evidence for the methods having worked well. Having
said that, it would be a good methodological study in the future to establish which method is superior.

Referee #2

We would like to thank the referee for his very detailed comments. Indeed, his convincing argument
is the reason we have approached the manufacturer (after redoing the analysis on four occasions and
coming up with the same results). This led us to the insight that a mix-up in depth-sensor by the
manufacturer has resulted in a mis-calibration, an overestimation of depth by a factor of two, in turn
resulting in an overestimate in our calibration by the same factor. We have redone he analysis in light
of the new depth calibration, adjusted all figures and graphics throughout the MS and hope this will
take care of this major criticism. Specifically the referee also had a number of more detailed
comments that were presents in his convincing argument.

v
Non-linear fit to TBF and speed

Apologies for this. Indeed, stride-length tends to be conserved across TBFs and thus the relationship
between speed and TBF is generally found to be linear (as we have also found later in the MS, Fig. 5)
and there was no particular reason we fitted this only that it looked marginally better. Linear fits were
essentially just as good as the polynomial (R2=0.61 vs 0.58). We have now only reported a linear fit.
The reason for the minor kink in the low speed range of the graph could either be true signal: fish
introduce more gliding during horizontal swimming at low speeds, similar to gliding being used as a
means to control swimming speed during diving or that there are some minor problems in the
calibration at the lowest speeds.

Small comments (in no particular order)

1. Itis possible that I missed it, but water temperature is nowhere to be found. It is an
important parameter.

It is indeed. We have now reported these in Figure 2 as a time-series.

2. | think that the mass estimate should appear in the paper. It is important as well.



Done. It has been added to Table 2

3. The quality of the figures is inadequate to extract any quantitative information. Either the
quality of the figures should be improved, or the data should be made available as
supplementary material.

All data contained in the figures of the paper will be contained in a Dryad repository, as was stated in
the “data accessibility statement”. However, | am eager to hear how the referee suggests our figures
could be improved for clarity to allow the extraction of quantitative information, bearing in mind that
the correlations between the different variables were also reported in the MS?

4. | think that galvanic-timed release should have been tested in a lab before the claim is made

on its malfunction. It is possible that a different lesson can been learnt from the delayed
releases.

Apologies if we were not clear here in why we believe our pop-off mechanism failed. We do not think
the GTR itself failed (these are off the shelf lobster pot releases and are as simple as they come, fail-
safe one could say), but rather that the zip-tie that was passed through the fin got jammed in the
grooves of the tag. The forces of the swimming fish were insufficient to bend the zip-tie and pull the
tag off the fin. We do agree its probably a good idea to elaborate on this, since the new attachment is a
large part of the MS. However, we are not 100% certain that this is the explanation for delayed pop-
off. We have added the following sentence to line 311:

The reason for the delayed pop-off are not known, but we speculate that the stiff zip-ties were jammed
in the grooves of the tag and the fin and only working itself loose following an extended period at
liberty.



Appendix C
Associate Editor Comments to Author (Dr Denise Greig):
Associate Editor

Comments to the Author:

I would like to commend the authors for the trouble shooting they did to figure out and
correct the manufacturer's mistake. | also very much appreciate the clarifications in the
method section and the response to reviewers. Like Reviewer #2 notes, there are still a
few leftover typos from the first version, but once those are corrected, this will be an
interesting addition to the literature on marine animal locomotion.

Thank you.

Below are the typos | noticed:
Line 143. Delete the word “been”
Done

Line 217. Correct “sing” to “using”
Done

Line 218. Delete “was”
Done

Line 243. Add “(CWT)” as you use this abbreviation in the next sentence? (if that is the
correct interpretation)
Done

Line 289-290. Change to “two CATS camera tags” (I think you used the CATS
abbreviation above) Line 380. Should this be Fish #1? As everything above was talking
about Fish #2? Please be consistent and refer to either Bluefin #1 and #2 or Fish #1 and
#2 and use whichever nomenclature you prefer in Figure 3 as well.

Done. We have now used consistent terminology to refer to the individual animals and
rectified all numerical issues.

Table 3. Please add a space and an *'s™ to "*363 descents' in the Table title.
Done

Reviewer comments to Author:
Reviewer: 2

Comments to the Author(s)

I am glad that the authors rectified the speed data. Nonetheless, the paper needs a
careful proof-reading, as ‘old’ (wrong) numbers have not been replaced throughout. I
have marked a few places, but there can be more. Other than that, I recommend
publication. It is a unique set of data.

Thank you for spotting those and thank you again for your thorough review.



Manuscript

L. 327-328: “swimming speed showed a non-linear relationship with tail-beat frequency
for Fish #2 (Figure 3).”

Done and changed to linear.

L. 820. Caption to Figure 3. The speed (and stride length) were not updated
Now updated.

L. 903. Caption to Figure 6. The speed (2.5 m/s) was not updated.
Done

Supplementary 1. Figure S2 (Supplementary S2) should be replaced. It is the old one.
Done

Data in Dryad

The abstract seems to reflect the ‘old’ speed calibration: to sustain 3 m/s, a tuna needs
more that 1Hz.

We were unable to change the abstract in Dryad because we are not creating a new
submission. | am assured that once published the new abstract will be adopted.

The CATS descent data seems to reflect the old calibration. Please check. Some of the
columns need units and need explanation. For example, in CATS data: what are Dmin
and Dmax? What is the difference between TBF and TBF_Hz? (The latter is the
reciprocal of the former, and hence the first TBF is probably the tail-beat period in
seconds, and not the frequency). Is TBF in the second file the frequency or the period?
We have added a detailed description of all columns in an additional sheet and fixed the
problem with the descent values. Again, well spotted. Thank you.

I would be happier to see representative time series (at least one full period) of yo-yo,
slow speed burst-and-coast, high speed burst-and-coast, and steady swimming, rather
than the averaged data appearing in Dryad (it can be down-sampled to 10 HZ with
hardly any harm). Having both would have been even better.

We have added all data to Dryad that are necessary to validate our statistical analysis. Since
we do not discuss the data in any detail beyond what is shown in Figure 4, we feel it is not
necessary to share the raw data. Indeed, we have a student currently working on a more
detailed account of the kinematics and would therefore rather not share data beyond what is
published here.

Miscellaneous comments
L. 282: “Velocity”
Done

2. L. 294: “Cats”
We are not sure what the referee refers to here. We have written “CATS” in all caps, as it is
an acronym.



L. 778 (Ref. [77]): 1 am not sure if this reference will pass the production people.
Well spotted. Thank you. We have fixed it.

Figure 3: 1 would have added lines of constant stride length v/TBF for a reference.
Done. Very good suggestion. Figure looks improved.

I would have been more careful in interpretations of yo-yo and burst-and-coast
strategies. Both can reduce the cost of transport only if (chemo-mechanical) propulsion
efficiency is either thrust- or speed- dependent (Ref. [28], [65] and also the reference
cited in footnote 2 of the first review). With constant propulsion efficiency, the
swimming strategy that minimizes the cost of transport is constant-speed-constant-
depth. In the context of these strategies, a few specific comments:

We appreciate the referee’s comments and acknowledge that perhaps we could have done a
better job stating some of the assumptions of the hydrodynamic models we have used to
present our argument. We have now added an additional paragraph to line 493 to state that
these assumptions and that they have been tested in bluefin, but that caution needs to be
exercised when transferring this to other species:

It is worth noting, that our discussions related to vertical movements providing an energy
saving for fish rely on an important assumption in Weihs’ theory [17], namely that the
efficiency of transforming chemical energy into mechanical work must differ between ascent
and descent [27]. Weihs’ originally proposed that the drag incurred by a fish swimming with
lateral undulations should be in the region of 2-3 times greater than those of a rigid, gliding
fish. Therefore, if a fish can propel itself passively using gravity during descent, it would
incur substantially less drag than if it were to swim continuously. Takagi et al. [55], using
computational fluid dynamics quantified and confirmed the drag coefficient of juvenile
Pacific bluefin tuna to be greater during undulatory swimming than gliding by a factor of
two, further supporting that tuna may save energy through repeated diving. Some caution
needs to be exercised in translating these data to other fishes, as this effect may not be
universal and might depend on the kinematics of the species in question.

L. 406-410. This is a conjecture. | am not sure if the statement is supported by the data.
Agreed. This statement was poorly worded and as a result misrepresented the literature. We
have changed it in the following manner:

This represents an important aspect of Weihs’ two-stage locomotion model [17, 64],
suggesting that some dives are performed to increase the economy of horizontal movements,
which is in broad agreement with captive work on bluefin tuna [55, 56].

This represents an important aspect of Weihs’ two-stage locomotion model [17, 64],
suggesting that some dives could be performed to increase the economy of horizontal
movements, which is in broad agreement with captive work on bluefin tuna [55, 56].

L. 435: During acceleration/ascent the fish ‘pays’ for the lack of activity during
deceleration/ descent by increasing its TBF, and therefore the frequency argument



should probably be reworded. Adding the word ‘red’ before the word ‘muscles’ could
solve most of the problem [65].
Thank you very good suggestion. We have added “aerobic” instead of red

L. 473-476: The difference in energetic costs of ascent and descent is independent of
speed. It is just the difference in the potential energy (submerged weight times the
change in depth) divided by the propulsion efficiency.

In principal that is true. However, if efficiencies are dependent on speed, then we should also
see differences beyond simply the change in potential energy. Our data show clearly that the
prevalence of gliding is strongly dependent on swimming speed, and since Takagi et al. have
demonstrated that drag is greater by a factor of two during swimming, as opposed to gliding
suggests that drag and by extension mechano-chemical efficiency during descents will
depend on speed. This is confirmed in our data on tail-beat frequency and swimming speed.

We have adjusted this paragraph to reflect the basic tenet that in principal, only potential
energy differs.

Ln 461 At first hand, this may suggest that overcoming buoyant forces (i.e. change in
potential energy) represents a minor component of the power required to swim.

Ln 471 Thus, at faster speeds, the relative cost of counteracting negative buoyancy becomes
increasingly negligible compared to the costs related to parasite drag; subsequently at the
highest speeds we would expect there to be little difference between the energetic costs of
ascents and descents beyond the difference in potential energy.

L. 493: And also the flex at the caudal peduncle.
Agreed. We have changed the sentence in the following manner:

Of course, fish can alter other kinematic parameters that accelerometers cannot easily allude
too, namely tail-beat amplitude or the stiffening of the caudal region, which may be altered
in response to changes in their hydrodynamic environment.



