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Have you any concerns about statistical analyses in this paper?
No
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Accept with minor revision (please list in comments)

Comments to the Author(s)

I really enjoyed reading this manuscript! Well done. The introduction was great and flowed
nicely, providing a background into sex-specific differences in foraging behaviour, its potential
drivers (energy expenditure and diet), the methods used to investigate this and your study
system. This set the manuscript up well.

Are you able to provide any further information regarding the “marginal” sex differences in
weight observed in gannets, that you mention within your introduction? Are the other sex
differences in gannets that you mention (foraging behaviour and diet) considered to ubiquitous,
or are they only true of particular populations from/foraging in particular locations?

In your methods section, your field methods are good and descriptive but could include a bit
more detail with regards to the potential for loggers to have impacted the gannets’
behaviour/demographic parameters. Some would argue that total deployment weights as well as
the weights of the birds (upon deployment and retrieval possibly) should be included. You also
don’t currently provide any methodology behind logger retrievals, including how many
birds/loggers were recaptured and when this occurred (i.e., how long the deployment length
was). I know that this is mentioned later within your results, but wonder whether it should be
considered as more of a methodological point. I also wonder whether you should move your
bloods methods to the Data Collection section, as I was surprised to read this section of text later
on within your methods instead. Otherwise, perhaps you could rename your section heading
methods so that they read “Biologging Data Collection” instead, or something similar.

I feel that Figure 1 is a conceptual diagram of your study methods, as opposed to the actual study
and your specific hypotheses?

Please can you clarify the methods behind “confirming” TDR dives? Was this via visual
inspection, as suggested in your Results?

I wonder whether it might be helpful to rearrange the order of your “Energetics from
Accelerometry” section so that you first state what you are aiming to do with these methods, and
then outline the steps that you took to achieve this goal.

I wonder whether the second paragraph of your “Statistical Analysis” section should feature
earlier on as I'm not sure that it is really describing statistical analyses particularly. Perhaps this is
also true of some of the following paragraph, i.e., the fish allometry etc.

When discussing sex differences in diving behaviour within your Results, perhaps considering
including the percentage differences between some of the male and female metrics within the
results would be helpful, rather than just the means of each sex.

I think that your table and figure headings could be more descriptive so that they are able to be
easily interpreted as stand-alone items, without the remainder of the text being read. For
example, you could include the species and colony that you are investigating.

I'm not sure whether I agree that there are not previous instances of the energetic cost of
individual prey capture attempts being estimated in seabirds. Haven’t seabird-mounted cameras



paired with accelerometery been used to do this? Or devices that record beak opening
events/changes in oesophageal temperature? Maybe I'm wrong, but perhaps these are methods
that could also be mentioned in your Introduction if trying to estimate the energetic cost of prey
capture attempts is a key goal of this manuscript.

I think that your Discussion could generally do with another check through to ensure that the
readability is as good as elsewhere in your manuscript and that it flows and covers all of the
aspects that you want it to, in a way that flows and makes sense. For example, I'm not totally sure
what the goal of the large second paragraph is at the moment as you discuss a number of
different results in turn throughout. Additionally, I think that L413-20 in particular could be
streamlined a little to increase their readability. I know what you're trying to say, but I think that
they could benefit from a little more editing, including the mention of it being the sexes that have
divergent diets within the final sentence of this paragraph. I've recommended some grammatical
changes to L421-7 too, but also wonder whether you could tie this back to the results of this
manuscript a bit more. The same is also true of the following paragraph (L428-34) and elsewhere
within your Discussion.

Some of your in-text citations seem to be in a strange format and should be double checked
throughout.

I've provided a marked-up document of the pdf (see Appendix A) with a few more small
comments here and there, but otherwise, good job!

Decision letter (RSOS-210520.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 Bennison

The Editors assigned to your paper RSOS-210520 "A bioenergetics approach to understanding sex
differences in the foraging behaviour of a sexually monomorphic species" have now received
comments from reviewers and would like you to revise the paper in accordance with the
reviewer comments and any comments from the Editors. Please note this decision does not
guarantee eventual acceptance.

We invite you to respond to the comments supplied below 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.

We do not generally allow multiple rounds of revision so we urge you to make every effort to
fully address all of the comments at this stage. If deemed necessary by the Editors, your
manuscript will be sent back to one or more of the original reviewers for assessment. If the
original reviewers are not available, we may invite new reviewers.

Please submit your revised manuscript and required files (see below) no later than 21 days from
today's (ie 02-Sep-2021) date. Note: the ScholarOne system will ‘lock” if submission of the revision
is attempted 21 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,

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

on behalf of Dr Agustina Gémez-Laich (Associate Editor) and Kevin Padian (Subject Editor)
openscience@royalsociety.org

Associate Editor Comments to Author (Dr Agustina Gémez-Laich):
Associate Editor: 1

Comments to the Author:

Dear authors,

In this study, the authors used a bioenergetic approach to examine intersexual differences in the
foraging behavior of a sexually monomorphic seabird; the Northern Gannet. To do this, they
instrumented female and male breeding gannets with GPSs, accelerometers, and TDRs. Energy
expenditure was estimated using dynamic body acceleration and afterward converted to
kilojoules. Additionally, Stable Isotope Analyses was employed to study intersexual differences
in diet and to estimate each sex's energy acquisition. The study's main finding is that sex
differences in foraging behavior are mainly associated with dive rate and success. This study
provides an important contribution to science, but the methods and discussion sections need to
be improved. I feel authors should address some general and specific issues (see below) before
the manuscript can be published.

General comments

1) Please present in a more explicit way the hypothesis you are testing. This would help to
structure the manuscript. Additionally, it would greatly improve the manuscript if authors refer
to the main questions and hypotheses/ predictions along with the methodology, results, and
discussion sections. For example, several sections of the discussion refer to the methodology
employed to estimate energy expenditure. Even though this is an important aspect of the Ms, it is
not one of the main objectives.

2) Several sections of the methodology need to be better explained (see below).

3) Results could be improved by incorporating more tables for example as Supplementary
material.

4) The discussion could be greatly improved if authors focused more on debating their findings
and how they contribute to the main hypothesis. Many paragraphs repeat information that was
already mentioned in the results.

Specific comments
Keywords: accelerometry instead of accelerometry



Keywords: Isotope or isotope?

Introduction

Lines 77-79. It would be interesting to explain how foraging at different locations may benefit
females to restore their body condition after egg production.

Lines 79-81. Can you give an example of how sex-specific foraging strategies in sexually
monomorphic species may be driven by intraspecific competition causing one sex to be displaced
spatially or to forage in different niches?

Lines 7686. In this second paragraph, the first and fourth sentences present very similar ideas.

Line 102. Please give examples of other direct methods.

Line 103. Can you briefly explain what each isotopic ratio allows us to know about prey
consumption?

Line 107. Please add what this marginally heavier means.

Line 114-115. Than forage fish female specialist sounds awkward.

Line 119-125. I suggest rephrasing this last paragraph. First, mention the objectives and then the
methodology you will use to reach them. Additionally, It would be interesting to be more explicit
with the hypothesis you are testing (see general comments). It would also be interesting to
present some predictions.

Methodology

Line 140. Figure 1 does not show the conceptual diagram of the study. This figure shows a
diagram of a part of the methodology.

Line 140. How many males, and how many females were instrumented? Did you instrument
pairs? How much time were the devices left on the birds? This information is mentioned in the
results instead of being in the methodology. Did birds that were instrumented continued
breeding normally?

Line 141. This means that in some nests chicks were 21 days old and in other chicks were more
than a month? Is the foraging behavior similar during both stages of the breeding season (3 vs 5
weeks old chicks)? Please incorporate information regarding this particular topic.

Please add the dimensions of each one of the loggers you deployed on the birds.

Line 152. How much blood was taken? From where was the bold sample taken?

Figure 1. I suggest including which were the defined behaviors.

Line 159-160. “further methods that develop the findings” sounds awkward. Please rephrase.
Line 162. Please explain more in detail how you analyze the acceleration data. To obtained a time-
activity budget and estimate the energy expenditure during a foraging trip, not only the dives

should be identified from the acc data. How did you recognize when birds when flying and
floating? Equations to estimate energy expenditure from VeDBA may be activity-specific. For



example, the equation used to derive energy expenditure for flying and diving may be different.
Was this taken into account? Please give more details about this particular subject. Additionally,
please give more details about how the acceleration data was processed. Once you had the
acceleration data, you calculated the average value for each of the axes using a running mean of 2
seconds? How did you calculate the pitch values from the acc data? What does the X, Z, and Y-
axis mean? Please specify which is the heave, sway and surge.

Lines 172-175. It would be nice to see a figure of the bimodal distribution accelerometer-derived
dives had as supplementary information.

Line 177. To do this first you had to obtain the time-activity budget of the birds, that is to say,
how much time each bird expended on each activity. For this, the acceleration data such me
labeled. How did you do this? Visually? Using some algorithm? Please give more details about
this.

Line 179. Please explain how you calculated VeDBA. It is not clear if you calculated the VeDBA
for each activity (flying, floating, diving) and once this had been done using a specific equation to
convert this VeDBA value into kilojoules. Which allometric equations did you use? It would be
worth incorporating this as supplementary information also.

Line 191. What does the individualized VeDBA to kJ equation mean?
Line 193. Couldn’t you use the TDR information to determine when birds were on the surface?
Line 204. n=19 in 2017 and n=28 in 2018 should be placed after 47 birds.

Line 234. Here it says LMER but in the results it says GLM. Did you perform an LMER or a GLM?
Please add which distribution was used and why.

Line 235. Please explain why the interaction between year and dive type was included in the
model.

Line 239. In general, there seems to be some controversy about model averaging. If your top
model has relatively good support (as compared to second-best models) some suggested it may
be better to refrain from model averaging. Why did you choose to do model averaging? Please
explain how you obtained the average. It would be interesting to incorporate a table with the best
models, their AIC, deltaic, and weight as supplementary material.

Line 246. These sentences are not clear. It is not clear if you used trips as energetic units or you
also considered some periods at the colony.

Line 247. So you calculated a foraging trip energy expenditure and a 24 hour period energy
expenditure? Please clarify this aspect. Comparisons between females and males were performed

for both time periods (foraging trip and 24-hour period)?

Line 254. Did you mean the total amount of food they needed to eat to get the energy they
expended? Cant this be achieved by eating more than one combination of prey proportions?

Line 267-268. Please rephrase this sentence. It is not clear.

Results.



Line 282. Does this mean that from one individual you couldn't determine the sex from the blood
sample?

Line 290. Please explain better how this average LMER was obtained. It would be nice to see in a
table all the models that showed delta AIC values higher than 6.

Line 316. Why here you present a Chi-square and in Line 313 an F? How did you get these
statistics? This is not mentioned in the methodology.

Figure 3. Please explain what each part of the boxplot means.
Discussion

Line 385-387. This sentence is not clear. I would rather say that you focused on behaviors that
imply movement. Certain behaviors do not imply movement and for that behaviors, VEDBA
would not be useful.

Line 399-401. Energy expenditure can be affected by the medium in which an animal moves
especially if the movement in different media involves different muscle groups.

Line 449. It would be nice to see a table showing how much energy each bird expended in the
different behaviors that comprise the foraging trip. In this table, the time engaged in each
behavior could also be included.

Line 470-471. Can you please more information and specific examples about how the bioenergetic
approach presented in this study could contribute to future studies?

Associate Editor: 2
Comments to the Author:
(There are no comments.)

Reviewer comments to Author:

Reviewer: 1

Comments to the Author(s)

I really enjoyed reading this manuscript! Well done. The introduction was great and flowed
nicely, providing a background into sex-specific differences in foraging behaviour, its potential
drivers (energy expenditure and diet), the methods used to investigate this and your study
system. This set the manuscript up well.

Are you able to provide any further information regarding the “marginal” sex differences in
weight observed in gannets, that you mention within your introduction? Are the other sex
differences in gannets that you mention (foraging behaviour and diet) considered to ubiquitous,
or are they only true of particular populations from/foraging in particular locations?

In your methods section, your field methods are good and descriptive but could include a bit
more detail with regards to the potential for loggers to have impacted the gannets’
behaviour/demographic parameters. Some would argue that total deployment weights as well as
the weights of the birds (upon deployment and retrieval possibly) should be included. You also
don’t currently provide any methodology behind logger retrievals, including how many
birds/loggers were recaptured and when this occurred (i.e., how long the deployment length
was). I know that this is mentioned later within your results, but wonder whether it should be
considered as more of a methodological point. I also wonder whether you should move your
bloods methods to the Data Collection section, as I was surprised to read this section of text later



on within your methods instead. Otherwise, perhaps you could rename your section heading
methods so that they read “Biologging Data Collection” instead, or something similar.

I feel that Figure 1 is a conceptual diagram of your study methods, as opposed to the actual study
and your specific hypotheses?

Please can you clarify the methods behind “confirming” TDR dives? Was this via visual
inspection, as suggested in your Results?

I wonder whether it might be helpful to rearrange the order of your “Energetics from
Accelerometry” section so that you first state what you are aiming to do with these methods, and
then outline the steps that you took to achieve this goal.

I wonder whether the second paragraph of your “Statistical Analysis” section should feature
earlier on as I'm not sure that it is really describing statistical analyses particularly. Perhaps this is
also true of some of the following paragraph, i.e., the fish allometry etc.

When discussing sex differences in diving behaviour within your Results, perhaps considering
including the percentage differences between some of the male and female metrics within the
results would be helpful, rather than just the means of each sex.

I think that your table and figure headings could be more descriptive so that they are able to be
easily interpreted as stand-alone items, without the remainder of the text being read. For
example, you could include the species and colony that you are investigating.

I'm not sure whether I agree that there are not previous instances of the energetic cost of
individual prey capture attempts being estimated in seabirds. Haven’t seabird-mounted cameras
paired with accelerometery been used to do this? Or devices that record beak opening
events/changes in oesophageal temperature? Maybe I'm wrong, but perhaps these are methods
that could also be mentioned in your Introduction if trying to estimate the energetic cost of prey
capture attempts is a key goal of this manuscript.

I think that your Discussion could generally do with another check through to ensure that the
readability is as good as elsewhere in your manuscript and that it flows and covers all of the
aspects that you want it to, in a way that flows and makes sense. For example, I'm not totally sure
what the goal of the large second paragraph is at the moment as you discuss a number of
different results in turn throughout. Additionally, I think that L413-20 in particular could be
streamlined a little to increase their readability. I know what you're trying to say, but I think that
they could benefit from a little more editing, including the mention of it being the sexes that have
divergent diets within the final sentence of this paragraph. I've recommended some grammatical
changes to L421-7 too, but also wonder whether you could tie this back to the results of this
manuscript a bit more. The same is also true of the following paragraph (L428-34) and elsewhere
within your Discussion.

Some of your in-text citations seem to be in a strange format and should be double checked
throughout.

I've provided a marked-up document of the pdf with a few more small comments here and there,
but otherwise, good job!

===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:

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

a 'clean’ version of the new manuscript that incorporates the changes made, but does not
highlight them. This version will be used for typesetting if your manuscript is accepted.

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 accepted if you
format your references/bibliography in Vancouver style (please see

https:/ /royalsociety.org/journals/authors/author-guidelines/ #formatting). You should include
DOIs 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, .xls, .xIsx, 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 include both the 'For publication' link and 'For review' link at this stage.

-- 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 (RSOS-210520.R0)

See Appendix B.

Decision letter (RS0OS-210520.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 Bennison

On behalf of the Editors, we are pleased to inform you that your Manuscript RSOS-210520.R1 "A
bioenergetics approach to understanding sex differences in the foraging behaviour of a sexually
monomorphic species" 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 14-Dec-2021) 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,

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

on behalf of Dr Agustina Gémez-Laich (Associate Editor) and Kevin Padian (Subject Editor)
openscience@royalsociety.org

Associate Editor Comments to Author (Dr Agustina Gémez-Laich):
Specific comments to authors.
Introduction.

Line 88. Please incorporate the Brown booby specific species name.

Lines 137-144. I realize in the previous version my suggestion was to first state the objectives and
afterwards the technology employed. In the present version I suggest first mentioning the main
objective and methodology employed and afterwards mention the specific objectives. For
example:

In the present study, we used GPS, accelerometry, and SIA data to gain a better understanding of
how gannets engage in foraging and how different demands upon the sexes may affect foraging
strategies. Specifically, we explore sex differences in foraging of gannets in terms of diet, dive
types, frequency of prey capture attempts, and the energetic cost of prey capture attempts.
Additionally, we quantify the energetic requirements of each sex, taking into account energy
expended during foraging and, using data from published studies, energetic demands of feeding
offspring. Finally, we consider minimum dive success rates necessary for male and female
gannets to meet their energy demands.

Lines 151-157. Hypothesis. The first one is fine however, the second and the third one are
predictions not hypotheses. Please rephrase them.



Methods

Line 174. Please revise the numbers, here the total number of instrumented birds is 14 and below
is 13. Please state how many females and males were equipped each year.

Line 175. Please change for 52° 7" 37.92” N, 6° 35" 45.6” W

Line 181. Which was the depth threshold? 0.5 or 1 m? Or some devices were programmed with a
0.5 threshold and some with a 1 m threshold? Please clarify this aspect.

Line 189. Is a period missing after (52)? The following that starts with “Previous” sounds a bit
awkward, please rephrase it.

Line 189. the “s” in gannets looks like a subscript letter.

Line 192. This is the first time a table of the Supplementary information is mentioned so I suggest
considering this table as table S1 instead of table S5. Please check that all Supp. table numbers are
correctly mentioned in the main document after they are renumbered.

Line 268. For example, this would be table S2 now.

Line 293-297. This sentence is too long and not clear. Please rephrase it.

Line 336. Please check Supplementary information Table numbers.

Line 368. It is not clear to me how you test for differences in diving rate between sexes using
linear regression. Please clarify this aspect.

Results.

Line 421. Please mention in the methods how you tested for differences in body mass between
sexes.

Line 426. Why didn’t you test for differences in dive duration between sexes?

Line 428. Why didn’t you test for differences in dive + take off costs between sexes?

Line 461. In the methods, you mention that differences in the diving rate between sexes were
tested by means of linear regression and here a GLM is mentioned. Please clarify this aspect.
Line 501. You can say KIV instead of “average energy intake (KIV)” since you have already
defined what KIV stands for.

Discussion
Line 586. Please eliminate “do” from “Females may have to do dive more”.
Line 596. “gannets” can be eliminated here since it is clear you are talking about gannets.

Reviewer comments to Author:
===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:

one version should clearly identify all the changes that have been made (for instance, in coloured
highlight, in bold text, or tracked changes);

a 'clean’ version of the new manuscript that incorporates the changes made, but does not
highlight them. This version will be used for typesetting.

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 proficient
user of English is acceptable. Note the journal has arranged a number of discounts for authors
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Abstract

Many animals show sexually divergent foraging behaviours reflecting different physiological
constraints or energetic needs. We used a bioenergetics approach to examine sex differences in
foraging behaviour of the sexually monomorphic northern gannet. We used the relationship
between dynamic body acceleration and energy expenditure to investigate =~ 2rgetic cost of prey
capture attempts (plunge dives). Fourteen gannets were tracked using GPS, TDR, and
accelerometers. All plunge dives in a foraging trip represented <4% of total energy expenditure,
with no significant sex differences in expenditure. Despite females undertaking significantly more
dives than males, the low energetic cost resulted in no sex differences in overall energy
expenditure across a foraging trip. Bayesian stable isotope mixing models based on blood
samples highlighted sex differences in diet, however, calorific intake from successful prey capture
was estimated to be similar between sexes. Females experienced 9.6% higher energy demands,
due to unequal chick provisioning. Estimates show a minimum of 21% of dives have to be
successful for females to meet their daily energy requirements, and 29% for males. Our analyses
suggest northern gannets show sex differences in foraging behaviour primarily related to dive

rate and success rather than the energetic cost of foraging or energetic content of prey.
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Introduction

Many animals show sex foraging differences, though it is often difficult to explore the
mechanisms behind these differences - particularly in free ranging predators. Sex differences in
foraging are often pronounced in sexually dimorphic species (1, 2). These differences may be due
to competitive exclusion (3), or where different sexes may have access to different foraging areas
due to their size (3, 4) or foraging habitat preference (5). Divergent sexual behaviours may also
represent differences in nutrient requirements or prey preferences (6, 7), levels of parental care
(8), or in the energetic demands of locomotion (9, 10). Differences can also arise because a
dominant sex will outcompete or displace the other, resulting in sexual segregation (11, 12),
niche expansion and reduced intraspecific competition (13). “iant petrels, Macronectes
giganteus, where females weigh 80% the mass of males, show spatially segregated foraging areas
(14), a pattern that holds true across a wide variety of taxa (15-18). Although sex differences in

foraging tend to be less obvious in sexually monomorphic species, they still occur (19).

In monomorphic species, sex-specific foraging behaviour can be driven by differing energy
requirements between the sexes (20). For example, Barau’s petrel === monomorphic seabird
where males and females forage in different locations early in the breeding seasor females
must restore body condition after egg production (20). There is also evidence to suggest that sex-
specific foraging strategies in sexually monomorphic species may be driven by intraspecific
competition causing one sex to be displaced spatially or to forage in different niches (21).
Differing energy budgets and demands between the sexes may also drive the specialisation of
prey targeting or foraging range (22). Foraging theory states that animals attempt to intake food
in the most optimal manner possible (23-25) to ensure that net energy gain exceeds gross energy
expenditure. However, accurately measuring energy intake and expenditure remains a challenge,

especially in free-ranging animals (26, 27).

Measuring energetic expenditure has previously involved the use of double labelled water (DLW),
respirometry chambers, or heart rate loggers (28). Though heart loggers can be used to
investigate behaviour-specific energy costs (29) and respirometers can provide resting metabolic

rates and calibration for other field measurements (30), these techniques can be invasive. In
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recent years, accelerometry studies on free-ranging individuals have explored energetic
expenditure at a much finer scale and over longer time periods (31). These studies can use
measures of dynamic body acceleration (DBA) as a proxy for energy expenditure due to a strong
correlation with the volume of oxygen consumed by muscles (VO,) (32-34). However, developing
an understanding of how accelerometry signals relate to energy use and the corresponding

energy budgets of an individual animal requires knowledge of diet and energetic intake.

Net energy intake is determined by the energy gained from successful foraging against =~ ergy
expended in metabolism through activities such as locomotion. Quantifying energy gained
through diet in free-ranging animals can be difficult without invasive techniques such as stomach
content analysis (35) or direct observation of prey capture (36). However, Stable Isotope Analysis
(SIA) is a minimally invasive technique that can provide diet information and, in seabird studies,
is known to correlate well with other more direct methods (37-39). Isotopic ratios of 12C/13C and
N/N can be used to infer prey species consumed by an individual (40). Using SIA to predict

predator diet can therefore provide insight into the energetics of foraging.

The northern gannet (Morus bassanus), hereafter gannet, is sexually monomorphic with no
significant difference between males and females in length of tarsus, bill, or wing in breeding
adults (41, 4_). Nhile females are marginally heavier than male<_ .\ veight alone cannot be used to
sex individuals (43). Despite the lack of overt sexual dimorphism, the species shows strong
sexually divergent foraging strategies. Female gannets are more selective in choosing foraging
grounds (44) and undertake longer trips, further offshore than males, a pattern that is thought
to arise from habitat segregation (45). From a dietary perspective, male gannets consume higher
proportions of fisheries discards than females, a division thought to derive from the competitive
exclusion of female gannets from vessels (46) and is a distinction only present in breeding adults
(42). Females which specialise on fisheries discards travel shorter distances than forage fish
female specialists, however this distinction is not apparent among males (47). At present, there
is no clear evidence for whether sexes target different sized prey in ganne:c: A lack of strong
sexual dimorphism in gannets suggests that sex differences in foraging strategies and diet may

derive from different energetic demands between the sexes, a previously untested hypothesis.
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Here we used GPS, accelerometry, and SIA data to gain a better understanding of how gannets

engage in foraging and how different demands upon the sexes may affect foraging strategies.

this study, we explore sex differences in foraging in terms of diet, dive types, frequency of prey
capture attempts, and the energetic cost of prey capture attempts. We quantify the energetic
requirements of each sex, taking into account energy expended during foraging and, using data
from published studies, energetic demands of feeding offspring. Finally, we consider minimum

dive success rates necessary for males and females to meet their energy demands.
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Methods

Data Collection

A conceptual diagram of our study is presented in Figure 1. Breeding adult gannets (n=8 in 2017,
n=6 in 2018) attending 3-5 week-old chicks were tracked from Great Saltee, south-east Ireland
(5207’ 37.92”,-6°35’ 45.6”). Birds were caught using an 8-10m pole with a metal crook, weighed,
and equipped with a combination of dataloggers. GPS loggers (i-gotU GT-120, Mobile Action
Technology Inc., Taipei, Taiwan, 14g) recorded locations every 3 minutes; time depth recorders
(TDR, CEFAS G5, 2.5g) recorded depth at 4Hz after exceeding a 0.5 or 1m depth threshold; tri-
axial accelerometers (Gulf Coast Data Concepts X16-mini, 17g) recorded g-forces (1g =
9.807m/sec?) at 50Hz. GPS and TDR loggers were attached ventrally to 2-3 central tail feathers
using strips of waterproof Tesa tape. Accelerometers were attached to 10-15 mantle feathers
between the wings. Three birds in 2017 and six birds in 2018 were equipped with GPS, TDR, and
accelerometers, while the remaining birds were equipped with only GPS and accelerometers.
Total instrument mass was <2% of body mass, and positioned to minimise impact on gannet
movement, both aerodynamic and hydrodynamic (48). A small volume of blood was sampled for
stable isotope analysis (see below) and 2-3 breast feathers were plucked for genetic sexing

following the method outlined by Griffiths, Double (49).
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ecology.” Blue boxes represent the methodology for analysing data and orange boxes represent

further methods that develop the findings.
Data processing and dive behaviour definition

Behaviour classification from accelerometry data used a thresholding approach. Thresholds were
determined using protocols and guidance set out by Collins, Green (50) and Shepard, Wilson (51).
Diving events occurred when average acceleration (running average of 2 seconds) in the X-axis
was <0g and standard deviation (SD) in the mean X-axis was >1.4g. The end of a dive was defined
by a 1-second lagged maximum of pitch change within a 60 second period from the start of a
dive. Take-off events were defined with a threshold where, following a dive, the SD of the Z-axis
was >1.8g and the SD of the X-axis was >1g. Take-off events were considered to have ended and
returned to normal flight when the SD of the Z-axis resolved to <1.4g and the SD of the X-axis
was <1.4g. ubset of birds (n=9) tagged with both TDRs and accelerometers were used to
validate accelerometer-derived dive events by visually comparing timestamps to TDR confirmed
dives. Accelerometer-derived dives had a bimodal distribution and were split into plunge dives
and pursuit dives based on a distinct break within the frequency distribution at 5 seconds; plunge
dives are dives followed by an almost immediate rise to the surface, whilst a pursuit dive is

characterised by sustained chase of prey underwater.
Energetics from Accelerometry

Dynamic body acceleration (DBA) is a relative metric that can be used as a proxy for energetic
expenditure from animal movement (52), and can be used to develop highly accurate activity
budgets (53). We used Vectorial DBA (VeDBA) to account for any variation in tag alignment (54).
We converted VeDBA into kilojoules (kJ) using published data and allometric equations (55). The
relationship between energy expenditure (kJ) and VeDBA is linear amongst a variety of animal
taxa, including mammals, reptiles, and birds (26, 33, 56), with slope k. Using the process outlined
in Figure 2, it is possible to produce estimates of kilojoules expended in movement for given
periods or behaviours. The process assumes that energy expended in movement is equal to an
animal’s Field Metabolic Rate (FMR) minus Resting Metabolic Rate (RMR) for any given period.
Totalled 24-hour VeDBA is therefore equivalent to kJ from FMR-RMR, assuming where VeDBA =

https://mc.manuscriptcentral.com/rsos
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0, kJ = 0. Simple algebra can then produce a formula for kJ of any VeDBA score over any time
period. Here, we used FMR estimates for Northern gannets provided by the Shiny App by Dunn,
White (57), corrected for individual bird weight and colony latitude (52°N), and RMR estimates
provided by allometric equations from Schmidt-Nielsen and Knut (55) to produce individualised
VeDBA to kJ equations. This method aims to produce whole sum approaches to energy
expenditure; at present it is not possible to effectively account for periods of rest on water where
sea swell may predict energy via acceleration and we assume that all acceleration is from animal

movement.

Field Metabolic Rate (FMR)

b = = = = = = = = == = 7I.<_FM,Q_QMQ

-~

- I
”
iﬁ & : Behavioural energetics from
% - -~k " accelerometry, FMR, and RMR
< - : _
I — :RMRF This method uses th‘e 24 hrsum
of VeDBA to determine a
J gradient, k, that can determine
Time energetic cost in kilojoules (Kj)
from a defined time and VeDBA
Intercept = 0 3 9veDBA score.

For Kilojoules in seconds from VeDBA:

Y.2.VeDBA = FMR - RMR == Kj.n' =k (32 VeDBA)

n
— Kjs'= k(zgemoveDBA) 1) FMR from Dunn et al 2018

2) RMR from Schmidt Nielsen & Knutt 1984
86400

Sources:

Figure 2. Conceptual diagram demonstrating how to extract the kilojoule values of any given
specific behaviour or time period within an accelerometry dataset for energy consumed only by

movement.
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Isotopic Analysis for Diet Composition

Blood samples were taken from 47 birds, including the accelerometer-equipped birds, (n=19 in
2017 and n=28 in 2018) and used to construct a population model of dietary intake from isotope
analysis. Blood samples were taken from the tarsus during tag deployment and centrifuged for
10 minutes to separate red blood cells (RBC) from plasma. While RBC therefore represent diet
prior to the deployment, preliminary sampling showed that isotopic signatures do not differ
significantly between blood samples collected on deployment and recovery of devices
approximately 1 week apart (unpublished data). Stable Isotope Analyses were performed at
Elemtex UK (Stable Isotope and & Elemental Analysis Expertise), using a Thermoquest EA1110
Elemental Analyser linked to a Sercon 2020 stable isotope ratio mass spectrometer running in
continuous flow mode. Accuracy and precision were monitored through laboratory internal

standards and an in-house comparison standard nested within samples.

Prey stable isotope values were obtained from a published dataset of Celtic Sea fish samples (58).
Theel authors conducted stable isotope analysis of samples without lipid extraction. Then, the
613C data included in the published data set are not corrected for differences in lipid content, but
the % C and N data was used to make the required corrections following Logan, Jardine (59). As
recommended by Phillips, Inger (60), a reduced prey dataset was used and included only those
species previously recorded in more than 3% of the diet for Great Saltee gannets (61). These

species can be seen in Table S1 and 3.

Using Bayesian isotopic mixed models, it was possible to compare blood values to reference prey
values to reconstruct diet of gannets. The model was run on “long” settings (chains = 3, length =
300000, burn-in = 2000000, thinning = 100), using average diet—to-tissue discrimination factors
(2.25 £ 0.61 %o for 6*°N and 0.24 + 0.79 %o for 613C) from various studies of piscivorous birds (62-
65). Model convergence was assessed with the Gelman-Rubin diagnostic (66). Sex-based diet
estimates were obtained through Bayesian mixing models using the R package ‘MixSIAR’ (67).
We fit several models of diet with fixed and random effects as covariates, and evaluated the

relative support for each model using LOO (leave-one-out cross-validation) weights (68). Model
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outputs were then used to construct prey proportions in the diet of males and females in 2017

and 2018.
Statistical analysis

To explore sex differences in the overall cost of prey capture attempts (dive and subsequent take-
off), a linear mixed effect regression (LMER) was used to test for sex differences in dive and take-
off characteristics. Factors included year, sex, weight, dive type, and the interaction between sex
and dive type to predict kilojoules expended. Individual was included as a random effect to
account for repeated measures of the same individual. To select the most parsimonious model,
the dredge function from the ‘MuMin’ package was used (69). Any models within 6 AIC values

were kept and model averaging undertaken (70).

We used the relationship between VeDBA and kJ shown in Fig. 2 to estimate total energetic
expenditure for an individual bird from the time it left the colony, to the point of recapture.
Gannet trips may range from one to several days and so this whole sum approach allowed our
predictions to account for a full range of behaviours, from in colony, transiting, and foraging. As
gannet foraging trips may last several days, they incur increasing energetic costs during a foraging
trip such as feeding chicks upon return, we have included this in the analysis by considering
energetic differences from a whole sum approach and use gannet trips as the energetic unit. We
also consider individual energy expenditure per 24-hour period. We then calculated energetic
demands by adding to this value the energetic demand of raising a four week old chick of 1397.14
kJ/day (Montevecchi, Ricklefs (71), with females contributing 60% of this cost due to unequal
chick feeding in gannets (71, 72). Though it would be most appropriate to have information on
feeding rates of chicks in this study, we do not have this information and instead consider the
overall energy requirements of chicks which act as a proxy to feeding rates. This produced a value
of Total Energetic Demand (TED) for each gannet for the time it was tracked. Using sex-based SIA
model outputs, we predicted the proportion of prey species in the diet of male and female

gannets.

We assumed the sizes of individual prey species were similar to those in Lewis, Sherratt (61), a

study from the same colony that did not identify any difference in the size of fish caught between

https://mc.manuscriptcentral.com/rsos
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the sexes. The size and mass of the fish were then used to calculate the kJ value of each fish
species (using allometric equations referenced by Lewis, Sherratt (61) and assuming a 76.1%
assimilation efficiency following Cooper (73), See Table S1). For each sex-specific diet, the energy
content (kJ) of each fish was multiplied by the proportions of species in the diet and these
proportional values were summed to provide an average kJ intake value (KIV) for a successful
dive (a dive resulting in prey capture) for each individual gannet, assuming that successful prey
capture results in capture of one prey item. A Mann-Whitney-Wilcoxon test was used to test for
differences in KIV between sexes. For each gannet, TED was divided by KIV to determine how
many successful dives were required to maintain body condition, forage, and provision for a
chick. This number was then used as a proportion of dives recorded to derive realistic individual

minimum prey capture rates.

https://mc.manuscriptcentral.com/rsos

Page 14 of 28



Page 15 of 28

oNOYTULT D WN =

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

Royal Society Open Science: For review only

Results

Of the 14 gannets tracked, five were female, eight were male, and one was of unknown sex. The
individual of unknown sex was not included in analysis of sex differences. Male gannets were on
average lighter than females; male weight was 2.70kg +0.19 with females weighing 2.99kg +0.15
(Wilcoxon test: W=35.5, r=0.88, p=0.025).

Sex differences in dive behaviour

1046 visually validated dives and subsequent take-off events were detected. 24% of dives were
pursuit dives with females having a slight tendency towards increasea pursuit dives compared to
males. Combined cost of a single prey capture attempt (dive + take-off) in females was 2.17
+0.73kJ while for males it was 1.97 £0.92kJ. An averaged LMER indicated a significant effect of
dive type and year on energy expenditure associated with dive...hile sex was retained as a non-
significant factor (Table 1). The estimates for cost of all prey capture attempts represent < 4% of
the daily total energy expenditure for each individual. Accounting for unequal provisioning of the
chick, and the cost of foraging, daily energetic demands were 9.6% higher for females than males
(female TED = 4601kJ +121.60; male TED = 4207kJ +278.37, Wilcoxon test: W=34, p<0.05, total

number of female days: 14.84, total number of male days: 31.88).

https://mc.manuscriptcentral.com/rsos
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Table 1. Conditional model summary from the averaged mixed effect linear regression used to
predict kilojoules (kJ) expended during a prey capture attempt. Input variables were year (2017
and 2018), sex (male and female), dive type (pursuit or plunge), and weight. The interaction
between sex and dive type was also included. Dive type (plunge) and sex (Female) were absorbed

into the intercept.

Dive Coefficient Std. Error  Adjusted SE  Z value P value

energetics
model
Intercept -1976.374  794.301 795.059 2.486 0.01293
Type(Pursuit) 0.6008 0.0480 0.0481 12.480 <0.001
Year 1.0327 0.330 0.331 3.117 <0.01
Weight 0.1837 0.856 0.857 0.214 0.8302
Sex(Male) -0.0895 0.411 0.411 0.217 0.8278

Females undertook significantly more dives per day than males (25.9 and 17.3 respectively, GLM
F13=8.63, p<0.01). However, because the cost of individual prey capture attempts is so low, a
linear mixed effect regression predicting the energy expenditure (kJ) per day for each individual
from sex and year, with ID as a random effect, found no significant effect of sex on daily energy

expenditure (LMER Chi%;g=0.0004, p = 0.98)

Isotopic analysis

The isotope mixing model predicted that the most consumed prey species were Atlantic mackerel
(Scomber scombrus) (27.83 % +4.34) and European sprat (Sprattus sprattus) (19.16% +2.06)
followed by Lesser sandeel (Ammodytes marinus) (11.47 % +0.99) and Atlantic herring (Clupea

harengus) (11.26 % +1.46). The remaining species included in the models were each predicted to
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1

2

2 323  contribute less than 8% to the overall diet. Seven different models were tested (Table 2) and the
5 324  best modelincluded Year as a covariate (Model weight: 76.8 %, Model 4). The second-best model
6

7 325 included Sex and Year as variables with a relative weight of 23.1%, and was used to predict sex-
8

9 326  specific diets in each study year. There was no support for a model using individual ID only. Diet
10

1 327 between the sexes was similar in both years (Table 3), though mackerel made a higher
328  contribution to male diet (difference of 3.4% in 2017 and 4.3% in 2018). In 2018 the predominant

14 329 species consumed was mackerel (68.7% and 64.4% of diet for males and females respectively).
17 330

19 331 Table 2. Bayesian mixed effect model outputs to determine predictors of diet. The best model
21 332  lent support for a Year only model, however the second-best model was Sex +Year with a model
23 333  weightof 23.1%. This model was used to predict diet of the sexes. Leave One Out cross validation

25 334 Information Criteria (LOOic) were used to assessed model suitability.

27 Model Variables LOOic Standard Delta Standard weight
error LOOic LOOic error delta
30 LOOic

4 Year 87.5 11.8 0 NA 0.768
6 Sex + Year 89.9 11.6 2.4 3 0.231
5 Year (by ID) 106.8 8.6 19.3 6.4 0
Sex 109.7 10.9 22.2 6 0
39 1 Null 110.7 11 23.2 5.5 0
41 7 ID 139.2 10 51.7 9.5 0
43 3 Sex (by ID) 140.4 9.9 52.9 9.9 0

45 335

336
337
338
>3 339

35 340

60 https://mc.manuscriptcentral.com/rsos
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Callionymus spp.

Chelidonichthys cuculus

Clupea harengus

Merlangius merlangus
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Scomber scombrus

Sprattus sprattus

Trisopterus esmarkii
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345
346
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Common
Name

Sandeels
Dragonet

Red Gurnard
Atlantic Herring
Whiting

Hake

Plaice

Mackerel

Sprat

Norway Pout

2017
Female (%) Male (%)

13.3 13
4.4 5.5
3.8 4.9
6 6.9
6.4 8.3
6 6.9
2.5 3
37.3 33.9
15 12.1
5.1 5.6

https://mc.manuscriptcentral.com/rsos

Table 3. The diet composition (%) of males and females in 2017 and 2018 as predicted by
Bayesian mixed effects modelling as reported in Table 2.

2018

Female (%)

4.5
5.8
2.2
2.8
1.6
4.2
2.4
68.7

5.8

including dives, energy expenditure and success rates can be seen in Table 4.

Male (%)

4.5

7.7

3.4
2.2
4.6
3.3
64.4
4.8

2.2

Applying average energy content of prey in proportion to its occurrence in the diet, a successful
dive was estimated to have an average energy intake (KIV) of 1006 kJ for females, and 1005 kJ

for males in 2017. In 2018, this figure rose with changing diet to 1563 kJ for females and 1553 kJ

Based on the number of dives performed and average energy content of prey in proportion to
their occurrence in sex-specific diets, female minimum feeding success rate was calculated as

21.21% +8.42, whilst the male rate was 29.22% +15.10 (Fig. 4.3). A summary of all results
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Year of
study

2017

2017

2017

2017

2017

2017

2017

2017

2018

2018

2018

2018

2018

2018

Tracking
duration

(Days)

4.90

2.86

5.08

0.97

1.83

4.68

4.72

1.99

3.04

2.92

4.61

4.83

4.32

5.05
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Number of

dives

113

36

189

65

39

90

87

18

37

36

230

39

42

25

Dives per

day

23.06

12.56

37.15

66.89

21.31

19.19

18.44

9.06

12.17

12.31

49.84

8.07

9.72

4.95

Total
energy
expenditure
during
tracking

(ki)

19017.89

9977.19

17676.91

3728.53

6820.18

18037.97

16414.58

6742.38

11665.59

12383.63

16418.62

17065.3

15395.66

18274.86

Total
energy
expenditure
during
tracking
plus chick
demands

(ki)

21756.33

11577.81

21941.57

4543.13

8354.34

21968.74

19050.09

7852.85

14212.90

14017.50

18997.12

19766.91

19016.77

21095.85

Energy

expenditure
per day
with chick
demands

(ki)

4440

4042

4313

4675

4565

4685

4040

3952

4677

4794

4117

4089

4402

4179

Modelled
average kJ

per

successful

dive

NA

1005.04

1005.04

1005.96

1005.96

1005.96

1005.04

1005.04

1563.34

1552.61

1552.61

1552.61

1563.34

1552.61

Number of
successful
dives to
meet
energy
demands

21.65
11.52
NA
4.52
8.30
21.84
18.95
7.81
9.09
9.02
12.24
12.73
12.16

13.59

Table 4. Summary of results from tracked birds between 2017 and 2018. Energy expenditure is calculated from the formulae in figure 2 and

chick demands are included by the amount of energy required by a four-week-old chick. Modelled average kJ per successful dive includes results

Bird ID Sex
Do1 Male
D02 Male
D03 Unknown
D04 Female
D05 Female
D12 Female
D13 Male
D16 Male
D25 Female
D26 Male
D28 Male
D41 Male
D52 Female
D53 Male

365

366

367

368

from a Bayesian mixed model from isotope analysis and is produced as a figure for each sex per year.

https://mc.manuscriptcentral.com/rsos
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Percent of
recorded

dives

needed to

be

successful

NA

19.16

31.99

6.94

21.29

24.27

21.79

43.41

24.57

25.08

5.32

32.64

28.96

54.35
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Discussion

Here we show that, for gannets, sex differences in foraging behaviour are not the result of
divergent energetic costs of foraging or different energetic content of consumed prey. We
suggest that sex differences in foraging behaviour are likely to have arisen from unequal
energetic demands between the sexes coupled with resource partitioning to avoid intraspecific
competition. SIA indicated sex-specific diets, but there was no difference in energy intake
between the sexes. Cost of individual prey capture attempts associated with differing diets was
low compared to total energetic expenditure, and despite females diving more than males, there

was no difference in energetic expenditure per day between the sexes.

To the best of our knowledge, this is the first time that the energetic cost of individual prey
capture attempts has been estimated in seabirds. Dynamic body acceleration is an established
proxy measure of energy expenditure (74), though difficulties remain in converting DBA to a true
measure of energy expenditure (26). Studies comparing DBA with energy expenditure must
ensure that summed values of energy expenditure must not be regressed against sum values of
DBA through time, a problem known as the time trap (75, 76). In this study we accounted for
time, allowing for meaningful estimates of energy expenditure per unit time from DBA. Our
method also bypasses the problem of changing metabolic rates, as we studied the cost of
behaviour and locomotion only. The relationship between kilojoules and time intersects at O,
therefore avoiding the need to calibrate acceleration to metabolic rate (77). Though we do not
account for the error of environmental influences, we have assumed that this variance is equal
between individuals. The resulting energetic cost of prey capture events was low, even after
including the cost of take-off from the sea surface following a dive, with all prey capture attempts
across a foraging trip accounting for <4% of total energy expenditure. This suggests that the cost
of diving probably does not limit the number of prey capture attempts in gannets, though we
acknowledge this may not be true for birds struggling to meet daily energy demands. Sex
differences in the energetic cost of individual prey capture attempts were minor and non-
significant, albeit based on a small sample size. Despite females undertaking an average of eight

more dives per day, the low cost of prey capture attempts resulted in no differences in daily

https://mc.manuscriptcentral.com/rsos
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energetic expenditure between males and females. Females diving more may expend relatively
more energy as they spend more time underwater, however this is likely not the case as it has
been found that metabolic energy expenditure is not affected by the medium an animal moves
through (78). Year and dive type (plunge versus pursuit dive) had the largest effect on energetic
cost of diving, reflecting yearly differences in diet noted in SIA analysis, that are likely related to
the proportion of different dive types. 76% of dives were plunge dives with an almost immediate
rise to the surface, though 2017 contained 12.9% more pursuit dives than 2018. The increased
cost of underwater pursuit following a ‘failed’ plunge dive suggests a cost-benefit trade-off, and
Machovsky-Capuska, Vaughn (79) noted higher feeding success in pursuit dives in Australasian

gannets, Morus serrator, that would support this hypothesis.

Gannets forage on a wide variety of prey (80), and SIA models indicated divergent diets between
males and females, consistent with previous studies in gannets (42, 46). Prey proportions from
our SIA models were similar to those previously reported by Lewis, Sherratt (61) at the same site,
and we found females took nroportionately more mackerel and less whiting, Norway pout, and
herring compared to males. Applying the average calorific content of prey species to sex-specific
diets, energetic gain per dive did not differ between sexes. However, females make a greater
contribution to chick provisioning (71), which may require a proportionate increase in targeting
of smaller sized prey for chick consumption. While this has been observed in other seabird
species (81), there is little evidence to suggest such specific prey targeting in provisioning gannets
whose chicks are capable of consuming quite large prey items. Our results support the suggestion
that divergent diet is not the result of differing energetic cost of prey capture, or energy content
of prey but may be a result of intersexual competition, as previously demonstrated in this

population of gannets (46).

Intraspecific competition is expected to be higher with increasing proximity to a breeding colony
(82, 83) and this competition may drive differing sexually divergent foraging behaviour in
gannets. Several studies report that male gannets forage closer to breeding colonies whilst
females travel further (42, 44). This mav be due to male gannets outcompeting female. iCrcing

them to travel further and undertaking aifferent dive behaviour as they are forced to forage in
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different habitat than r..c.as (45, 46). However, these studies concede that there is no strong

compelling evidence that sexual separation is entirely due to males outcompeting females.

Different nutritional requirements between the sexes may also drive divergent foraging
behaviour. As the sexes search for different prey, they may engage in alternative prey capture
and foraging behaviour. One component of birds’ life history strategy that may induce specific
nutrition demands is egg production. Egg production by females may cause a nutrient deficit (84,
85), specifically of calcium (86), which may drive different foraging behaviour as birds seek to
recover this loss (87). Gannets are known to lay small eggs in comparison to their body size (88)

so it is currently unknown how this may affect foraging requirements.

Female gannets dived more frequently than males which may reflect dif.2..ng provisioning roles
(89, 90), with female gannets estimated to have a 9.6% higher daily energetic demanu, iargely
because of their greater contribution to chick feeding (Montevecchi et al., 1984). After
accounting for the increased energetic demands in females, the energetic cost of foraging, the
mean calorific content of prey in sex-specific diets, and the number of dives performed, males
were predicted to have a higher minimum feeding success rate than females (21% of dives in
females and 29% of dives in males). These estimates of feeding success are lower than previous
estimates of approximately 50-66% for Australasian gannets based on identifying prey captures
from bird-borne cameras (91, 92). Our estimates reflect minimum success rates required to meet
energy demands, and the discrepancy suggests that gannets may routinely catch more food than
required to meet minimum energy demands that may be invested in chick provisioning, or that
they engage in energetically demanding activities around and within the colony such as preening

and aggression (88) that are not accounted for in our analysi.:

Energy acquisition and allocation provide a useful framework to study ecological problen s,
including management and evolution (93). This study highlights how DBA ca:.‘cstimate energetic
cost of discrete behaviours as well as overall energetic expenditure across defined time periods,
providing insights into the foraging ecology of free-ranging animals. While gannets are sexually
monomorphic, they show divergent foraging behaviour and diet, which our results suggest are

not the result of differing cost of foraging or energy content of prey. Such sexually divergent
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foraging strategies in monomorphic species are thought to be driven by intersexual competition
or differing energy demands (20). In gannets, sex differences in foraging might be driven by a
combination of both processes; intersexual competition (46) and higher energetic demands in
females due to unequal chick provisioning. Female gannets meet this additional need through
increasea aive rate, a strategy that has no appreciable additional cost given the small overall cost
of individual dives and may be an adapted strategy to account for competitive exclusion. Over
the course of a breeding season, this extra energetic expenditure equates to approximately 1567
klJ, less than the energy provided by one mackerel. However, after accounting for the cost of
dives, the energetic content of prey, and the number of dives performed, females appear to have
lower overall success rates to meet energetic requirements, suggesting some subtle difference

in foraging behaviour that remains unknown.

Our methodology and results have highlighted that in northern gannets, a sexually monomorphic
species, the sexes show differences in foraging behaviour primarily related to dive rate and
feeding success rather than the energetic cost of foraging. Evaluating sex differences in foraging
behaviour from an energetic perspective may provide a clearer picture for understanding
sexually divergent foraging strategies in both sexually monomorphic and dimorphic species.
Future research should consider an energetics approach in exploring the fine scale behavioural

differences between sexes.
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Appendix B

Dear Editor,

Please find attached our resubmitted manuscript ‘A bioenergetics approach to
understanding sex differences in the foraging behaviour of a sexually monomorphic species’
for consideration by Open Science. We were very pleased at the positive responses of
associate editors and reviewers, and have taken on board their comments and suggestions
as outlined below. Additionally, elements of this work were presented at the World Seabird
Conference, during which Dr Jonathan Green, a noted expert in seabird energetics, provided
some excellent feedback. We have since liaised with him to incorporate some further
refinements in addition to those of the reviewers, mostly centred on providing more details
on the methodology. We hope you agree that the changes we have made have improved
the manuscript and that it is now suitable for publication.

Thanks to his input we have now included Dr Green as an author on the paper, all current
authors agree with this addition, we feel his additions have improved the manuscript and
his inputs warrant authorship.

Best regards,

Ashley Bennison, on behalf of co-authors

Associate Editor Comments to Author (Dr Agustina Gomez-Laich):

In this study, the authors used a bioenergetic approach to examine intersexual differences
in the foraging behavior of a sexually monomorphic seabird; the Northern Gannet. To do
this, they instrumented female and male breeding gannets with GPSs, accelerometers, and
TDRs. Energy expenditure was estimated using dynamic body acceleration and afterward
converted to kilojoules. Additionally, Stable Isotope Analyses was employed to study
intersexual differences in diet and to estimate each sex’s energy acquisition. The study’s
main finding is that sex differences in foraging behavior are mainly associated with dive rate
and success. This study provides an important contribution to science, but the methods and
discussion sections need to be improved. | feel authors should address some general and
specific issues (see below) before the manuscript can be published.

Authors response: Thank you for your review —we have reworked much of the
methodology and discussion to try and make things clearer. Additionally, this
work has since been presented at the World Seabird Conference, during which
Dr Jonathan Green provided some excellent feedback which has helped to
correct methods. We hope the changes we have made throughout the
manuscript are appropriate.

General comments

1) Please present in a more explicit way the hypothesis you are testing. This would
help to structure the manuscript. Additionally, it would greatly improve the manuscript



if authors refer to the main questions and hypotheses/predictions along with the
methodology, results, and discussion sections. For example, several sections of the
discussion refer to the methodology employed to estimate energy expenditure. Even
though this is an important aspect of the Ms, it is not one of the main objectives.

Authors response: we have now included three specific hypotheses to tie the
manuscript together better. These can be found on line 204-210 and are:

13

1) Sex differences in the foraging ecology of gannets derive from the different energetic
demands placed upon the sexes.

2) Being a monomorphic species, there will be no difference in the cost of prey capture
attempts between the sexes.

3) Due to differing energy demands and foraging behaviour, the sexes will have different

prey capture success rates.

2) Several sections of the methodology need to be better explained (see below).
Authors response: |All sections of the methodology have been refined
providing more detailed explanations as set out in response to specific points
below.

3) Results could be improved by incorporating more tables for example as
Supplementary material.

Authors response: The supplementary material has been expanded to include
5 tables and 2 figures — with explanation.

4) The discussion could be greatly improved if authors focused more on debating
their findings and how they contribute to the main hypothesis. Many paragraphs
repeat information that was already mentioned in the results.

Authors response: We have amended the discussion to better relate the
findings to the hypotheses tested and in the context of other studies.

Specific comments

Keywords: accelerometry instead of accelerometry
Keywords: Isotope or isotope?

Authors response: Thank you —we have changed the keywords as suggested

Introduction



Lines 77-79. It would be interesting to explain how foraging at different locations may
benefit females to restore their body condition after egg production.

Authors response: We have included a statement to describe this more
effectively. This can now be found on line 93.

Lines 79-81. Can you give an example of how sex-specific foraging strategies in
sexually monomorphic species may be driven by intraspecific competition causing
one sex to be displaced spatially or to forage in different niches?

Authors response: Included example using brown boobies on line 99.

Lines 76-86. In this second paragraph, the first and fourth sentences present very
similar ideas.

Authors reponse: To ease flow we have deleted the second sentence. This
paragraph is now lines 92-103.

Line 102. Please give examples of other direct methods.

Authors response: We have included the direct methods of regurgitate
sampling and direct observation of foraging. This is now on line 166:
“However, Stable Isotope Analysis (SIA) is a minimally invasive technique that can provide
diet information and, in seabird studies, is known to correlate well with other more direct
methods such as regurgitate sampling and direct observation of foraging”

Line 103. Can you briefly explain what each isotopic ratio allows us to know about
prey consumption?

Authors response: This has been expanded and can be found on line 168-171:
“Both carbon and nitrogen can be considered as indicators or the trophic level an animal is

foraging at (41). Nitrogen isotopes enrich at a faster rate in predators than carbon isotopes,
but the ratio between them can inform trophic level, trophic niche width, and diet”

Line 107. Please add what this marginally heavier means.

Authors response: We have added a reference to show approximately 200g
difference between the sexes which corresponds to approximately 6% of body
mass. This is now on line 175:

“While females are marginally heavier than males (Approximately 200g, or 6% (45)), weight
alone cannot be used to sex individuals”

Line 114-115. Than forage fish female specialist sounds awkward.

Authors response: This sentence has now been reworded so it reads better. It
iIs now on line 182:

“Females that specialise on fisheries discards travel shorter distances than those who
specialise on foraging for fish, although this distinction is not apparent among males”



Line 119-125. | suggest rephrasing this last paragraph. First, mention the objectives
and then the methodology you will use to reach them. Additionally, It would be
interesting to be more explicit with the hypothesis you are testing (see general
comments). It would also be interesting to present some predictions.

Authors response: This has been rephrased and hypotheses included. This
can now be found on line 197-210.

Methodology

Line 140. Figure 1 does not show the conceptual diagram of the study. This figure
shows a diagram of a part of the methodology.

Authors response: This is has been changed to: “A visual diagram of the
methodology is presented in figure 1.” This can now be found on line 240.

Line 140. How many males, and how many females were instrumented? Did you
instrument pairs? How much time were the devices left on the birds? This
information is mentioned in the results instead of being in the methodology. Did birds
that were instrumented continued breeding normally?

Authors response: We have now included this information (five females and
eight males) in the methods with time devices were on birds. We have also
included a statement in this paragraph stating that we only deployed on a
single parent within breeding pairs and that all pairs were observed continuing
chick-rearing including feeding following the deployments. This paragraph can
be found on line 240-263.

Line 141. This means that in some nests chicks were 21 days old and in other chicks
were more than a month? Is the foraging behavior similar during both stages of the
breeding season (3 vs 5 weeks old chicks)? Please incorporate information
regarding this particular topic.

Authors response: Unfortunately it was not possible to work with chicks at the
exact same ages, but tried to work with breeding birds that had chicks of
similar age based on morphological descriptions. Gannets feed their chicks
over a 12-13 week period before fledging, and the energy requirements of 3-4
week old chicks are largely similar (Montevecchi et al 1984), and so we
considered this was appropriate.

Please add the dimensions of each one of the loggers you deployed on the birds.

Authors response: These have been added and can be seen on line 246-250:
“GPS loggers (i-gotU GT-120, Mobile Action Technology Inc., Taipei, Taiwan, 14g,
Dimensions: 4 x 2 x 1 cm)) recorded locations every 3 minutes; time depth recorders (TDR,
CEFAS G5, 2.5g, Dimensions: 2 x 1 x 1 cm) recorded depth at 4Hz after exceeding a 0.5 or 1m
depth threshold; tri-axial accelerometers (Gulf Coast Data Concepts X16-mini, 17g,
Dimensions: 6 x 2 x 1 cm)”



Line 152. How much blood was taken? From where was the bold sample taken?

Authors response: Approximately between 1 and 1.5 ml were taken from the
tarsus. This has been added to the methods on line 259:

“Between 1 and 1.5ml of blood was sampled from the tarsus vein for stable isotope
analysis”

Figure 1. | suggest including which were the defined behaviors.

Authors response: This has now been changed to say dive behaviours. This
can be seen on line 274.

Line 159-160. “further methods that develop the findings” sounds awkward. Please
rephrase.

Authors response: This has been reworded and can be seen on line 279:
“Blue boxes represent the methodology for analysing data and orange boxes represent
additional analysis.”

Line 162. Please explain more in detail how you analyze the acceleration data. To
obtained a time-activity budget and estimate the energy expenditure during a
foraging trip, not only the dives should be identified from the acc data. How did you
recognize when birds when flying and floating? Equations to estimate energy
expenditure from VeDBA may be activity-specific. For example, the equation used to
derive energy expenditure for flying and diving may be different. Was this taken into
account? Please give more details about this particular subject. Additionally, please
give more details about how the acceleration data was processed. Once you had the
acceleration data, you calculated the average value for each of the axes using a
running mean of 2 seconds? How did you calculate the pitch values from the acc
data? What does the X, Z, and Y-axis mean? Please specify which is the heave,
sway and surge.

Authors response: We have tried to further explain the accelerometry process
—we hope we have made the explanation clearer.

We have included the alternative name for each axis (surge, heave, and sway)
as each one is first used but kept the namings of X-axis and Z-axis in the
manuscript after this.

We have not undertaken a specific behavioural budget approach in this study.
A, large challenge with accelerometry data is understanding what signal
relates to which specific behaviour. This is not possible on occasions where
an animal is out of sight or is undertaking an unknown behaviour.
Furthermore, there are no equations to estimate energy expenditure directly
from VeDBA for this (and the vast majority of other) species. Instead we adopt
a new, simple, approach which allows estimation of the amount of energy used
from VeDBA for specific periods of time or specific activities, for groups of
animals. Firstly, we assume basal metabolic rate (BMR) and overall field
metabolic rate (FMR) to be constant and defined only by each focal bird’s
mass (and latitude and species in the case of seabirds). This is



understandably a simplification but we hope we have addressed the
consequences and limitations of our simple approach appropriately in the
manuscript. Secondly, we use VeDBA scores to reflect energetic investment in
a suite of behaviours, under a fundamental assumption that one unit of VeDBA
is equivalent to a consistent amount of energy used, independent of time. A 24
hour period can contain many behaviours but the sum of VeDBA will reflect
the costs of all of these between BMR and FMR. Based on this, the relationship
between movement (VeDBA) and energy expenditure associated with periods
of movement can be considered as linear. By combining these assumptions,
we can start to estimate energetic costs of movement in different groups of the
same species, in this case males and females. This is now explained in full in
the manuscript.

Lines 172-175. It would be nice to see a figure of the bimodal distribution
accelerometer-derived dives had as supplementary information.

Authors response: This has now been included in supplementary materials
and has been mentioned in the main text on line 294.

Line 177. To do this first you had to obtain the time-activity budget of the birds, that
is to say, how much time each bird expended on each activity. For this, the
acceleration data such me labeled. How did you do this? Visually? Using some
algorithm? Please give more details about this.

Authors response: We hope this has now been clarified in the text and
explained above (comment for line 162).

Line 179. Please explain how you calculated VeDBA. It is not clear if you calculated
the VeDBA for each activity (flying, floating, diving) and once this had been done
using a specific equation to convert this VeDBA value into kilojoules. Which
allometric equations did you use? It would be worth incorporating this as
supplementary information also.

Authors response: We have provided more detailed information in the
methods and hope this is now clearer. VeDBA was calculated across the
tagging period, incorporating the entire range of behaviours and values
converted to energy expenditure in kJ. This section has received considerable
work and can be seen from line 298-365.

Line 191. What does the individualized VeDBA to kJ equation mean?

Authors response: The process for converting VeDBA to kJ uses an equation
based on the difference between the estimates of resting metabolic rate and
field metabolic rate. These estimates are more accurate when considering an
animal’s weight and so the process was undertaken for each gannet
individually to produce unique gradients (slope k in figure 2.). The text has
been changed to reflect this and can be seen on line 322.



Line 193. Couldn’t you use the TDR information to determine when birds were on
the surface?

Authors reponse: Unfortunately this was not a reliable method as the TDRs
were set to activate by pressure (<0.5m depth) and so did not register wet/dry
to determine rest periods on the water.

Line 204. n=19 in 2017 and n=28 in 2018 should be placed after 47 birds.
Authors response: This has been moved and can now be seen on line 257.

Line 234. Here it says LMER but in the results it says GLM. Did you perform an
LMER or a GLM? Please add which distribution was used and why.

Authors response: This was an LMER. The result of the averaged LMER is
presented at the beginning of the first section of the results entitled “Sex
differences in dive behaviour.” The GLM presented at the end of this section
was not specifically mentioned in the methods and was an oversight. We have
now included this in the methods section on line 433:

“The rates of dives per day between females and males was tested using a general linear

regression, with dive rate as the response, predicted by sex as a factor. To determine if sex
influences daily energy expenditure an LMER was used to predict energy expenditure (per
day) from sex and year, with ID as a random effect to account for repeated measures from

individuals.”

Line 235. Please explain why the interaction between year and dive type was
included in the model.

Authors response: The model did not include the interaction between year and
dive type but did include the interaction between sex and dive type. This was
included as females are slightly heavier, which may influence the cost of a
dive. We have included a sentence to clarify this on line 429:

“The interaction between sex and dive type was included to explore if the different masses
of the sexes (Approximately 200 g (45)) impacted the cost of a dive type”

Line 239. In general, there seems to be some controversy about model averaging. If
your top model has relatively good support (as compared to second-best models)
some suggested it may be better to refrain from model averaging. Why did you
choose to do model averaging? Please explain how you obtained the average. It
would be interesting to incorporate a table with the best models, their AIC, deltaic,
and weight as supplementary material.

Authors response: We do agree that sometimes model averaging can be
overused, however we consider that in this case it is appropriate. Supporting
models were all relatively close in AIC and allowed for a more integrative
approach to understanding the results from the perspective of sex differences.



We have included the table of other models in the supplementary materials.

Line 246. These sentences are not clear. It is not clear if you used trips as energetic
units or you also considered some periods at the colony.

Authors response: This has been reworded and we hope it is clearer now. This
paragraph has also been moved to line 331:

“As gannet foraging trips may last several days, they incur increasing energetic costs during
a foraging trip such as feeding chicks upon return, we have included this in the analysis by
considering energetic differences from a whole sum approach and use individual energy
expenditure per 24-hour period as the energetic unit.”

Line 247. So you calculated a foraging trip energy expenditure and a 24 hour period
energy expenditure? Please clarify this aspect. Comparisons between females and
males were performed for both time periods (foraging trip and 24-hour period)?

Authors response (For queries on lines 246 and 247): 24 hour period was the
energetic unit. We have clarified this in the text on line 336 (text provided
above for line 246 query).

Line 254. Did you mean the total amount of food they needed to eat to get the
energy they expended? Cant this be achieved by eating more than one combination
of prey proportions?

Authors response: Yes, the Total Energetic Demand (TED) is the energy
required to be captured by a gannet to meet the expenditure from behaviour
and to feed a chick, assuming no change in body mass. This could be met by
any combination of prey proportions, we have therefore used the average
value of a successful prey catch from the isotopic modelling.

Line 267-268. Please rephrase this sentence. It is not clear.

Authors response: This has been reworded and is on line 440:
“The number of dives successful dives required was then considered as a proportion of the

number of dives undertaken; therefore presenting a minimum percentage of dives which

must have been successful for each individual gannet to survive.”

Results.

Line 282. Does this mean that from one individual you couldn't determine the sex
from the blood sample?

Authors response: Yes, this has been clarified in the text on line 491.:

“Of the 14 gannets tracked, five were female, eight were male, and one was of unknown
sex. due to inconclusive DNA test”

Line 290. Please explain better how this average LMER was obtained. It would be
nice to see in a table all the models that showed delta AIC values higher than 6.



Authors response: The model averaging was undertaken using the model
averaging function in the MuMin package — we have included this in text (Line
432) and a table of models in the supplementary material.

Line 316. Why here you present a Chi-square and in Line 313 an F? How did you get
these statistics? This is not mentioned in the methodology.

Authors response: Both models were tested against a null model in an
ANOVA. Both models should have used an F test, as is appropriate for
continuous data. This was an error and has been corrected and replaced with
the F statistic.

Figure 3. Please explain what each part of the boxplot means.
Authors response: This has been included on the figure 3 caption
Discussion

Line 385-387. This sentence is not clear. | would rather say that you focused on
behaviors that imply movement. Certain behaviors do not imply movement and for
that behaviors, VEDBA would not be useful.

Authors response: This has been changed to include the emphasis on
behaviours that imply movement and can be seen on line 732:
“as we studied the cost of behaviours that are implied by movement only”

Line 399-401. Energy expenditure can be affected by the medium in which an animal
moves especially if the movement in different media involves different muscle
groups.

Authors response: Thank you, this has been reworded to change emphasis of
sentence and can be seen on line 766:

“Females diving more may expend relatively more energy as they spend more time
underwater. However, energy expenditure can be affected by the medium an animal moves
through (84) and this then may affect the sexes unevenly, though this is unlikely given the
proportionally low energetic costs of diving.”

Line 449. It would be nice to see a table showing how much energy each bird
expended in the different behaviors that comprise the foraging trip. In this table, the
time engaged in each behavior could also be included.

Authors response: Unfortunately, we do not have this information. As noted
above, not being able to directly observe birds means that we could not
confidently relate specific behaviours to signals within accelerometry data.
Furthermore, as we now describe in more detail, our energetics methodology
did not require a complete time budget to estimate total energy costs.

Line 470-471. Can you please more information and specific examples about how



the bioenergetic approach presented in this study could contribute to future studies?

Authors response: This has been expanded on line 897:

“It would be interesting to see this study replicated using more obviously dimorphic species,
where differences between the sexes are more clearly pronounced, or to examine how the
sexes may differ in their energy expenditure with changing prey resources (96).”

Reviewer comments to Author:
Reviewer: 1

Comments to the Author(s)

| really enjoyed reading this manuscript! Well done. The introduction was great and
flowed nicely, providing a background into sex-specific differences in foraging
behaviour, its potential drivers (energy expenditure and diet), the methods used to
investigate this and your study system. This set the manuscript up well.

Authors response: Thank you for your positive comments. We have actually
made some further refinements based on reviewer comments and following
feedback after presenting some of this research at the World Seabird
Conference.

Are you able to provide any further information regarding the “marginal” sex
differences in weight observed in gannets, that you mention within your introduction?
Are the other sex differences in gannets that you mention (foraging behaviour and
diet) considered to ubiquitous, or are they only true of particular populations
from/foraging in particular locations?

Authors response: We have included more information and provided some
extra detail including weight differences and what this equates to in terms of %
body mass. This can be seen on line 175:

“While females are marginally heavier than males (Approximately 200g, or 6% (45)), weight
alone cannot be used to sex individuals (45).”

In your methods section, your field methods are good and descriptive but could
include a bit more detail with regards to the potential for loggers to have impacted
the gannets’ behaviour/demographic parameters. Some would argue that total
deployment weights as well as the weights of the birds (upon deployment and
retrieval possibly) should be included.

Authors response: A table of deployment and retrieval weights has now been
included in the supplementary materials. We have also included a statement
regarding the potential for individual behaviour effects from tagging on line
242-246.

You also don’t currently provide any methodology behind logger retrievals, including
how many birds/loggers were recaptured and when this occurred (i.e., how long the



deployment length was). | know that this is mentioned later within your results, but
wonder whether it should be considered as more of a methodological point.

Authors response: This has now been included on line 242:

“Five female and eight male gannets were tagged over the two years. Birds were equipped
with tags for an average of 3.70 £1.39 days. To reduce potential impact on a breeding pair,
only one individual of a pair was tagged for this study.”

| also wonder whether you should move your bloods methods to the Data Collection
section, as | was surprised to read this section of text later on within your methods
instead. Otherwise, perhaps you could rename your section heading methods so that
they read “Biologging Data Collection” instead, or something similar.

Authors response: We have now included more blood collection information in
this section on line 256:

“Blood samples were taken from the tarsal vein of 47 birds (n=19 in 2017 and n=28 in 2018),
including the accelerometer-equipped birds, and used to construct a population model of
dietary intake from isotope analysis (See section “Isotopic Analysis for Diet Composition”
below). Between 1 and 1.5ml of blood was sampled for stable isotope analysis (see below)
and 2-3 breast feathers were plucked for genetic sexing following the method outlined by
Griffiths, Double (51).”

| feel that Figure 1 is a conceptual diagram of your study methods, as opposed to the
actual study and your specific hypotheses?

Authors response: This has been renamed as a conceptual diagram in the text.

Please can you clarify the methods behind “confirming” TDR dives? Was this via
visual inspection, as suggested in your Results?

Authors response: This was done by visual inspection and detail has now
been included in the text on line 292:

“to validate accelerometer-derived dive events by visually comparing timestamps to TDR
confirmed dives, this required each dive to be manually viewed and checked to compare
with a dive from a TDR.”

| wonder whether it might be helpful to rearrange the order of your “Energetics from
Accelerometry” section so that you first state what you are aiming to do with these
methods, and then outline the steps that you took to achieve this goal.

Authors response: This section has now received a rework and reordering of
the text to make the method clearer this section can be seen from lines 298 to
365.

| wonder whether the second paragraph of your “Statistical Analysis” section should
feature earlier on as I’'m not sure that it is really describing statistical analyses
particularly. Perhaps this is also true of some of the following paragraph, i.e., the fish
allometry etc.



Authors response: The second paragraph has now been moved to the
energetics from accelerometry section (Line 332 to 365) and much of the
following paragraph is now under the isotope section (Line 416 to 424).

When discussing sex differences in diving behaviour within your Results, perhaps
considering including the percentage differences between some of the male and
female metrics within the results would be helpful, rather than just the means of each
Sex.

Authors response: Where appropriate we have now included this. This can be
seen on line 500 and 506:

“Combined cost of a single prey capture attempt (dive + take-off) in females was 1.94 +0
0.65kJ while for males it was 1.74 + 0.83kJ, suggesting that male dives are 11.2% less costly
than females. An averaged LMER indicated a significant effect of dive type and year on
energy expenditure associated with dives, while sex was retained as a non-significant factor
(Table 1, and Table S4 for model averaging results). The estimates for cost of all prey
capture attempts represent < 4% of the daily total energy expenditure for each individual
(Table S3). Accounting for unequal provisioning of the chick, and the cost of foraging, daily
energetic demands were 10.28% higher for females than males”

| think that your table and figure headings could be more descriptive so that they are
able to be easily interpreted as stand-alone items, without the remainder of the text
being read. For example, you could include the species and colony that you are
investigating.

Authors response: Text in the captions has been updated where appropriate.

I’m not sure whether | agree that there are not previous instances of the energetic
cost of individual prey capture attempts being estimated in seabirds. Haven't
seabird-mounted cameras paired with accelerometery been used to do this? Or
devices that record beak opening events/changes in oesophageal temperature?
Maybe I'm wrong, but perhaps these are methods that could also be mentioned in
your Introduction if trying to estimate the energetic cost of prey capture attempts is a
key goal of this manuscript.

Authors response: That is correct —we have changed the text of the paragraph
to reflect this. This paragraph is now on line 725.

I think that your Discussion could generally do with another check through to ensure
that the readability is as good as elsewhere in your manuscript and that it flows and
covers all of the aspects that you want it to, in a way that flows and makes sense.

Authors response: Thank you —we have edited throughout the document,
particularly the discussion to ensure good flow.

For example, I'm not totally sure what the goal of the large second paragraph is at
the moment as you discuss a number of different results in turn throughout.

Authors response: This paragraph has now been split into several paragraphs
with more detailed discussion in each.



Additionally, | think that L413-20 in particular could be streamlined a little to increase
their readability. | know what you're trying to say, but | think that they could benefit
from a little more editing, including the mention of it being the sexes that have
divergent diets within the final sentence of this paragraph.

Authors response: Thank you —we hope we have increased the readability
here.

I've recommended some grammatical changes to L421-7 too, but also wonder
whether you could tie this back to the results of this manuscript a bit more. The same
is also true of the following paragraph (L428-34) and elsewhere within your
Discussion.

Authors response: Thank you —we have incorporated how these may be
reflected in our results. The section on egg production has been removed, as
this is undertaken many weeks prior to our deployments and is unlikely to
have impacted the observed behaviour.

Some of your in-text citations seem to be in a strange format and should be double
checked throughout.

Authors response: Thank you — these have been checked and corrected.

I've provided a marked-up document of the pdf with a few more small comments
here and there, but otherwise, good job!

Authors response: Thank you —the comments from the PDF are copied below
for reference.

Further comments from PDF:
Line 51: “The energetic cost?”
Authors response: Inserted

Line 73: “Consider including “for example” so that you introduce why you're talking
about giant petrels now when the paragraph is so broad

Authors response: Inserted
Line 77: “are™?

Authors response: Inserted
Line 78: “breeding season,”
Authors response: Inserted

Line 97: “the”



Authors response: Inserted

Line 107: Rephrase sentence

Authors response: This has been made clearer
Line 107: How marginal please?

Authors response: Approximately 200g or 6% body mass — the manuscript has
been update to reflect this and provides a reference

Line 116: consider “for whether male and female gannets target different sized prey
items”

Authors response: Inserted

Line 121: Please consider adding a mention of gannets in this paragraph
Authors response: Inserted

Line 170: Please consider “Data from a subset of birds...”

Authors response: Inserted

Line 216: Please clarify which authors

Authors response: Clarified and inserted a few more words to make sense.
Line 288: Delete word “increased”

Authors response: Deleted

Line 291: The sentence needs a little bit of work perhaps a comma after “dives”
Authors response: inserted comma — sentence flows better now

Line 372: Writing “we suggest instead” would tie these sentences together nicely
Authors response: Inserted

Line 412: “after applying...”?

Authors response: Sentence changed

Line 422: Remove differing

Authors response: Inserted

Line 424: “females, forcing”



Authors response: Inserted

Line 425: “undertake”

Authors response: Inserted

Line 426: “habitat to males”

Authors response: Inserted

Line 435: “which may be reflective of”
Authors response: Inserted

Line 436: “than male gannets”
Authors response: Inserted

Line 441: | don’t know whether you need the word previously here because of the
estimates being for different species

Authors response: Agreed and removed
Line 447: I'd consider this sentence and breaking it down into multiple smaller ones

Authors response: This sentence has been broken into smaller sentences and
some rewording done to improve flow

Line 448: questions (or something similar) rather than problems?
Authors response: Changed to questions

Line 449: “can be used to estimate the energetic costs of”
Authors response: Inserted

Line 453: consider “instead, such sexually”

Authors response: Inserted

Line 458: “through increasing their dive rate/rate of diving”?

Authors response: Inserted



Appendix C

Dear Editor,

Please find attached our resubmitted manuscript ‘A bioenergetics approach to
understanding sex differences in the foraging behaviour of a sexually

monomorphic species.’

We were very happy to receive minor corrections after resubmitting this manuscript,
having integrated comments from the review process. We have addressed all
comments provided to us at this stage and we hope you agree that the changes we
have made have improved the manuscript and that it is now suitable for publication.
We have included two copies of the manuscript, one with tracked changes from the
last review, and a second copy with no track changes. We hope this is suitable.

Best regards,
Ashley Bennison
Introduction.

Line 88. Please incorporate the Brown booby specific species name.
Authors response: This has now been included

Lines 137-144. | realize in the previous version my suggestion was to first state the
objectives and afterwards the technology employed. In the present version | suggest
first mentioning the main objective and methodology employed and afterwards
mention the specific objectives. For example:

In the present study, we used GPS, accelerometry, and SIA data to gain a better
understanding of how gannets engage in foraging and how different demands upon
the sexes may affect foraging strategies. Specifically, we explore sex differences in
foraging of gannets in terms of diet, dive types, frequency of prey capture attempts,
and the energetic cost of prey capture attempts. Additionally, we quantify the
energetic requirements of each sex, taking into account energy expended during
foraging and, using data from published studies, energetic demands of feeding
offspring. Finally, we consider minimum dive success rates necessary for male and
female gannets to meet their energy demands.

Authors response: This has been reworded as requested — thank you for your
suggestion.

Lines 151-157. Hypothesis. The first one is fine however, the second and the third
one are predictions not hypotheses. Please rephrase them.

Authors response: The hypotheses have been reworded to reflect the change
between prediction and hypothesis.

Methods
Line 174. Please revise the numbers, here the total number of instrumented birds is

14 and below is 13. Please state how many females and males were equipped each
year.



Authors response: This has now been clarified the total of 13 did not account
for the individual of unknown sex. This has now been clarified and states:

“In 2017; three female, four male, and one unknown gannets were tagged, four males and
two females were then tagged in 2018.”

Line 175. Please change for 52° 7° 37.92” N, 6° 35’ 45.6” W
Authors response: This has been changed.

Line 181. Which was the depth threshold? 0.5 or 1 m? Or some devices were
programmed with a 0.5 threshold and some with a 1 m threshold? Please clarify this
aspect.

Authors response: Devices were mixed in the programming — as we tried to
make the best regime possible. This has now been clarified and states:

“after exceeding depth threshold of either 0.5m or 1m depending upon tag setup”

Line 189. Is a period missing after (52)? The following that starts with

“Previous” sounds a bit awkward, please rephrase it.

Authors response: We were missing a period. Thank you it has now been
inserted.

Line 189. the “s” in gannets looks like a subscript letter.

Authors response: This has been corrected and is the appropriate size again.

Line 192. This is the first time a table of the Supplementary information is mentioned
so | suggest considering this table as table S1 instead of table S5. Please check that
all Supp. table numbers are correctly mentioned in the main document after they are
renumbered.

Line 268. For example, this would be table S2 now.

Authors response to lines 189 and 268: We have now checked and reordered
the supplementary material so that supplementary materials appear in order.

Line 293-297. This sentence is too long and not clear. Please rephrase it.
Authors response: This sentence has been broken into three smaller
sentences.

Line 336. Please check Supplementary information Table numbers.
Authors response: The supplementary tables have now been ordered
appropriately.

Line 368. It is not clear to me how you test for differences in diving rate between
sexes using linear regression. Please clarify this aspect.

Authors response: This has been clarified as a general linear model and that
sex is a predictive factor with dive rate as a response variable.

Results.
Line 421. Please mention in the methods how you tested for differences in body

mass between sexes.
Authors response: This has now been included on line 346.



Line 426. Why didn’t you test for differences in dive duration between sexes?
Authors response: We have now included this as an unpaired t-test reporting
no significant differences in dive length between males and females. We have
also included a statement in the methods stating this would be done.

Line 428. Why didn"t you test for differences in dive + take off costs between sexes?
Authors response: This was tested more formally as part of the averaged
LMER that used sex as a factor in the model predicting cost of dive.

Line 461. In the methods, you mention that differences in the diving rate between
sexes were tested by means of linear regression and here a GLM is mentioned.
Please clarify this aspect.

Authors response: We have clarified in the methods that it is in fact a GLM.

Line 501. You can say KIV instead of “average energy intake (KIV)” since you have
already defined what KIV stands for.
Authors response: This has been amended as suggested.

Discussion

Line 586. Please eliminate “do” from “Females may have to do dive more”.
Authors response: This has been removed.

Line 596. “gannets” can be eliminated here since it is clear you are talking about
gannets.
Authors response: This has now been removed





