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Recommendation? 
Major revision is needed (please make suggestions in comments) 
 
Comments to the Author(s) 
This paper is not much changed from the original version I saw. 
 
Having just read it carefully again, my opinion remains much as the first time:  this is a fine paper 
that has believable results, but the population structures used (although previous used in another 
prominent paper) are not reflective of natural settings.  
 
It seems at least necessary to comment about the unrealism of these chosen structures (or to 
defend them biologically beyond simply stating this is what another theory paper used).  
 
More importantly though, given the lack of realism I would like the paper to try to unpack the 
results a bit more.  We already know that what the paper calls “regular” structures ( and what 
Nagylaki called conservative migration) do not affect Ne. And we know that star structures etc. 
do decrease Ne substantially. We also know that a lower Ne/N ratio will substantially affect the 
probability of fixation. The paper asserts that the effect observed are not just the results of the 
change in Ne, but it does not really defend this. If indeed this is true ( and I’m happy to believe 
that it is), the extra effects seem trivial compared to the effect of Ne. But this comparison is never 
made. I would love to see a version of Figure 3 that demonstrated a scaled response to linked 
selection, expressed as a ratio of the case where the other locus has no selection (i.e. standardized 
by the probability of fixation with N*beta = 0).  
 
(This is what I was suggesting, perhaps unclearly, in my previous review.) The authors state that 
they show the Kimura results, which is good, but the claim of this paper is that linked selection 
affects the probability of fixation over and above the effects of the population structure on a 
single locus.  OK, we already know that the population structure affects probability of fixation. 
We already know that linked selection affects probability of fixation. The new question is 
whether these two interact in any way, and the paper never actually shows that they do 
concretely. The paper actually alludes to the fact that the pattern is actually similar  in reduction 
in proportional fixation probability across different structures (lines 19-21 on p9) but is doesn’t 
show us concretely how much this is true. The possible large effect of Ne is referred to in the 
discussion (p16, lines 38 onwards), but it is odd that it is not actually calculated and investigated. 
I believe the core insight to be (possibly ) gained from this work is potentially left almost unstated 
and unproven. 
 
I would also like to see an acknowledgment that the literature already predicts that time to 
fixation should be longer with isolation by distance models. 
 
 
 

Review form: Reviewer 2 
 
Is the manuscript scientifically sound in its present form? 
Yes 
 
Are the interpretations and conclusions justified by the results? 
Yes 
 
Is the language acceptable? 
Yes 
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Do you have any ethical concerns with this paper? 
No 
 
Have you any concerns about statistical analyses in this paper? 
No 
 
Recommendation? 
Accept with minor revision (please list in comments) 
 
Comments to the Author(s) 
This is an interesting and useful paper with little to criticise.  The authors explore a range of 
population structures, recombination rates, population sizes and selection coefficients, revealing 
what I see as modest but potentially important deviations from the standard Hill-Robertson effect 
theory. Consequently, I have relatively few comments. 
 
To me, the biggest shortfall is the lack of a targeted attempt to uncover the under-pinning 
mechanism.  Maybe I am wrong, but surely the differences between the various population 
structures can be distilled into their component elements, population size and population 
connectivity?  Larger populations are more likely to include rare products of recombination that 
mean both beneficial alleles lie on the same chromosome, after which selection will tend to do the 
rest.  Equally, connectivity between populations will tend to influence the extent to which 
stochastic early events (a given population sub-unit carrying mainly chromosomes with the 
beneficial allele at one locus but not the other) allows the build-up of opposing outcomes in 
different sub-units.  Higher connectivity (e.g. the star, where every sub-unit is within two 
migration events of any other) presumably allows a more homogeneous / deterministic process.  
I wonder whether this could be explored more systematically using population pairs and varying 
the migration rate between the two.  Or is this more what previous work has done (I admit, this is 
not really my area).  Nonetheless, it would be nice to see more progress into *why* the different 
population structures give such different results.  Even changing the probability of mixing along 
an edge should be informative – what happens when a star is treated in this way? 
 
Thus, while it is interesting to use different arrangements of populations, it seems that these are 
chosen more because they are easy to model than because they illuminate any particular aspect of 
the problem (or indeed mimic reality particularly well).  An alternative approach to the 
systematic varying of parameters that we can be sure will impact key parameters like size and 
connectivity would be to measure these quantities.  For example, repeat runs with neutral 
markers would allow an estimation of Ne and of Fst for each scenario.  At minimum, this would 
allow the authors to be able to state whether or not these two variable can explain the variation in 
outcome or, alternatively, whether there is some further emergent property.  If the former, job 
done!  If the latter, this is equally interesting.  I realise I am likely being over-picky, but as it 
stands I can’t help feeling that the different population structures mask as much as they 
illuminate the key underlying processes. 
 
 
 

Decision letter (RSOS-201831.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 Professor Whigham 
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The Editors assigned to your paper RSOS-201831 "Graph-Structured Populations and the Hill-
Robertson Effect" 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. 
 
Both reviewers raise substantive points that will need very careful consideration. 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-Dec-2020) 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, 
Anita Kristiansen  
Editorial Coordinator  
 
Royal Society Open Science 
openscience@royalsociety.org 
  
on behalf of Professor Steve Brown (Associate Editor) and Steve Brown (Subject Editor) 
openscience@royalsociety.org 
  
Reviewer comments to Author: 
Reviewer: 1 
 
Comments to the Author(s) 
This paper is not much changed from the original version I saw. 
 
Having just read it carefully again, my opinion remains much as the first time:  this is a fine paper 
that has believable results, but the population structures used (although previous used in another 
prominent paper) are not reflective of natural settings. 
 
It seems at least necessary to comment about the unrealism of these chosen structures (or to 
defend them biologically beyond simply stating this is what another theory paper used). 
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More importantly though, given the lack of realism I would like the paper to try to unpack the 
results a bit more.  We already know that what the paper calls “regular” structures ( and what 
Nagylaki called conservative migration) do not affect Ne. And we know that star structures etc. 
do decrease Ne substantially. We also know that a lower Ne/N ratio will substantially affect the 
probability of fixation. The paper asserts that the effect observed are not just the results of the 
change in Ne, but it does not really defend this. If indeed this is true ( and I’m happy to believe 
that it is), the extra effects seem trivial compared to the effect of Ne. But this comparison is never 
made. I would love to see a version of Figure 3 that demonstrated a scaled response to linked 
selection, expressed as a ratio of the case where the other locus has no selection (i.e. standardized 
by the probability of fixation with N*beta = 0). 
 
(This is what I was suggesting, perhaps unclearly, in my previous review.) The authors state that 
they show the Kimura results, which is good, but the claim of this paper is that linked selection 
affects the probability of fixation over and above the effects of the population structure on a 
single locus.  OK, we already know that the population structure affects probability of fixation. 
We already know that linked selection affects probability of fixation. The new question is 
whether these two interact in any way, and the paper never actually shows that they do 
concretely. The paper actually alludes to the fact that the pattern is actually similar  in reduction 
in proportional fixation probability across different structures (lines 19-21 on p9) but is doesn’t 
show us concretely how much this is true. The possible large effect of Ne is referred to in the 
discussion (p16, lines 38 onwards), but it is odd that it is not actually calculated and investigated. 
I believe the core insight to be (possibly ) gained from this work is potentially left almost unstated 
and unproven. 
 
I would also like to see an acknowledgment that the literature already predicts that time to 
fixation should be longer with isolation by distance models. 
 
Reviewer: 2 
 
Comments to the Author(s) 
This is an interesting and useful paper with little to criticise.  The authors explore a range of 
population structures, recombination rates, population sizes and selection coefficients, revealing 
what I see as modest but potentially important deviations from the standard Hill-Robertson effect 
theory. Consequently, I have relatively few comments. 
 
To me, the biggest shortfall is the lack of a targeted attempt to uncover the under-pinning 
mechanism.  Maybe I am wrong, but surely the differences between the various population 
structures can be distilled into their component elements, population size and population 
connectivity?  Larger populations are more likely to include rare products of recombination that 
mean both beneficial alleles lie on the same chromosome, after which selection will tend to do the 
rest.  Equally, connectivity between populations will tend to influence the extent to which 
stochastic early events (a given population sub-unit carrying mainly chromosomes with the 
beneficial allele at one locus but not the other) allows the build-up of opposing outcomes in 
different sub-units.  Higher connectivity (e.g. the star, where every sub-unit is within two 
migration events of any other) presumably allows a more homogeneous / deterministic process. 
 I wonder whether this could be explored more systematically using population pairs and 
varying the migration rate between the two.  Or is this more what previous work has done (I 
admit, this is not really my area).  Nonetheless, it would be nice to see more progress into *why* 
the different population structures give such different results.  Even changing the probability of 
mixing along an edge should be informative – what happens when a star is treated in this way? 
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Thus, while it is interesting to use different arrangements of populations, it seems that these are 
chosen more because they are easy to model than because they illuminate any particular aspect of 
the problem (or indeed mimic reality particularly well).  An alternative approach to the 
systematic varying of parameters that we can be sure will impact key parameters like size and 
connectivity would be to measure these quantities.  For example, repeat runs with neutral 
markers would allow an estimation of Ne and of Fst for each scenario.  At minimum, this would 
allow the authors to be able to state whether or not these two variable can explain the variation in 
outcome or, alternatively, whether there is some further emergent property.  If the former, job 
done!  If the latter, this is equally interesting.  I realise I am likely being over-picky, but as it 
stands I can’t help feeling that the different population structures mask as much as they 
illuminate the key underlying processes. 
  
===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. 
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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, .xlsx, or .csv). 
-- An editable file of all figure and table captions. 
Note: you may upload the figure, table, and caption files in a single Zip folder. 
-- Any electronic supplementary material (ESM). 
-- If you are requesting a discretionary waiver for the article processing charge, the waiver form 
must be included at this step. 
-- If you are providing image files for potential cover images, please upload these at this step, and 
inform the editorial office you have done so. You must hold the copyright to any image provided. 
-- A copy of your point-by-point response to referees and Editors. This will expedite the 
preparation of your proof. 
  
At Step 6 'Details & comments', you should review and respond to the queries on the electronic 
submission form. In particular, we would ask that you do the following: 
-- Ensure that your data access statement meets the requirements at 
https://royalsociety.org/journals/authors/author-guidelines/#data. You should ensure that 
you cite the dataset in your reference list. If you have deposited data etc in the Dryad repository, 
please 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-201831.R0) 
 
See Appendix A. 
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RSOS-201831.R1 (Revision) 
 
Review form: Reviewer 1 
 
Is the manuscript scientifically sound in its present form? 
Yes 
 
Are the interpretations and conclusions justified by the results? 
Yes 
 
Is the language acceptable? 
Yes 
 
Do you have any ethical concerns with this paper? 
No 
 
Have you any concerns about statistical analyses in this paper? 
No 
 
Recommendation? 
Accept as is 
 
Comments to the Author(s) 
. 
 
 
 

Review form: Reviewer 2 
 
Is the manuscript scientifically sound in its present form? 
Yes 
 
Are the interpretations and conclusions justified by the results? 
Yes 
 
Is the language acceptable? 
Yes 
 
Do you have any ethical concerns with this paper? 
No 
 
Have you any concerns about statistical analyses in this paper? 
No 
 
Recommendation? 
Accept with minor revision (please list in comments) 
 
Comments to the Author(s) 
I admit I am torn.  I don't think I asked too much in my first review and I feel that the responding 
actions have been rather minimal.  Consequently, my concerns remain that this is, to a large 
extent, a merely descriptive exercise that finds some interesting patterns in unrealistic population 
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structures and provides the basis for future research.  As such, this work contributes very little to 
our understanding beyond showing that population structure is important, which we already 
know (the impact on Ne, phenomena like allele surfing etc. etc.).  I have rather grudgingly ticked 
accept minor, as much because I can see they effort has been made to address the other Referee's 
comments ad because my suggestions have been addressed.  However, I continue to believe that 
it is not am massive ask to obtain some measures of key characters such as connectivity and at 
least try to produce a general framework for understanding why different population structures 
behave as they do. 
 
 
 

Decision letter (RSOS-201831.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 Professor Whigham 
  
On behalf of the Editors, we are pleased to inform you that your Manuscript RSOS-201831.R1 
"Graph-Structured Populations and the Hill-Robertson Effect" 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. 
  
Both reviewers conclude that the manuscript should be accepted following your revisions. One 
reviewer makes a number of comments reflecting their particular enthusiasms. However, it will 
be up to you to consider and conclude what, if any, additional minor revisions you might wish to 
make. 
 
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 03-Feb-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 
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on behalf of Professor Steve Brown (Subject Editor) 
openscience@royalsociety.org 
  
Reviewer comments to Author: 
Reviewer: 1 
Comments to the Author(s) 
. 
 
Reviewer: 2 
Comments to the Author(s) 
I admit I am torn.  I don't think I asked too much in my first review and I feel that the responding 
actions have been rather minimal.  Consequently, my concerns remain that this is, to a large 
extent, a merely descriptive exercise that finds some interesting patterns in unrealistic population 
structures and provides the basis for future research.  As such, this work contributes very little to 
our understanding beyond showing that population structure is important, which we already 
know (the impact on Ne, phenomena like allele surfing etc. etc.).  I have rather grudgingly ticked 
accept minor, as much because I can see they effort has been made to address the other Referee's 
comments ad because my suggestions have been addressed.  However, I continue to believe that 
it is not am massive ask to obtain some measures of key characters such as connectivity and at 
least try to produce a general framework for understanding why different population structures 
behave as they do. 
  
===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.  
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 
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=== 
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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, .xlsx, or .csv). 
-- An editable file of all figure and table captions. 
Note: you may upload the figure, table, and caption files in a single Zip folder. 
-- Any electronic supplementary material (ESM). 
-- If you are requesting a discretionary waiver for the article processing charge, the waiver form 
must be included at this step. 
-- If you are providing image files for potential cover images, please upload these at this step, and 
inform the editorial office you have done so. You must hold the copyright to any image provided. 
-- A copy of your point-by-point response to referees and Editors. This will expedite the 
preparation of your proof. 
  
At Step 6 'Details & comments', you should review and respond to the queries on the electronic 
submission form. In particular, we would ask that you do the following: 
-- Ensure that your data access statement meets the requirements at 
https://royalsociety.org/journals/authors/author-guidelines/#data. You should ensure that 
you cite the dataset in your reference list. If you have deposited data etc in the Dryad repository, 
please only include the 'For publication' link at this stage. You should remove the 'For review' 
link.  
-- If you are requesting an article processing charge waiver, you must select the relevant waiver 
option (if requesting a discretionary waiver, the form should have been uploaded at Step 3 'File 
upload' above). 
-- If you have uploaded ESM files, please ensure you follow the guidance at 
https://royalsociety.org/journals/authors/author-guidelines/#supplementary-material to 
include a suitable title and informative caption. An example of appropriate titling and captioning 
may be found at https://figshare.com/articles/Table_S2_from_Is_there_a_trade-
off_between_peak_performance_and_performance_breadth_across_temperatures_for_aerobic_sc
ope_in_teleost_fishes_/3843624. 
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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-201831.R1) 
 
See Appendix B. 
 
 
 

Decision letter (RSOS-201831.R2) 
 
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 Professor Whigham, 
 
It is a pleasure to accept your manuscript entitled "Graph-Structured Populations and the Hill-
Robertson Effect" in its current form for publication in Royal Society Open Science.  
 
You can expect to receive a proof of your article in the near future. Please contact the editorial 
office (openscience@royalsociety.org) and the production office 
(openscience_proofs@royalsociety.org) to let us know if you are likely to be away from e-mail 
contact -- if you are going to be away, please nominate a co-author (if available) to manage the 
proofing process, and ensure they are copied into your email to the journal. 
 
Due to rapid publication and an extremely tight schedule, if comments are not received, your 
paper may experience a delay in publication. 
 
Please see the Royal Society Publishing guidance on how you may share your accepted author 
manuscript at https://royalsociety.org/journals/ethics-policies/media-embargo/. After 
publication, some additional ways to effectively promote your article can also be found here 
https://royalsociety.org/blog/2020/07/promoting-your-latest-paper-and-tracking-your-
results/. 
 
Thank you for your fine contribution.  On behalf of the Editors of Royal Society Open Science, we 
look forward to your continued contributions to the Journal. 
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Dear Reviewers, 

Thank you for the useful and thoughtful review comments which have improved the paper 

significantly.  Please find below the changes that we have made regarding the issues you have 

raised.   

Reviewer: 1 

Comments to the Author(s) 

Having just read it carefully again, my opinion remains much as the first time:  this is a fine paper 

that has believable results, but the population structures used (although previous used in another 

prominent paper) are not reflective of natural settings.  It seems at least necessary to comment 

about the unrealism of these chosen structures (or to defend them biologically beyond simply 

stating this is what another theory paper used). 

It is true that the presented graphs do not represent any real populations.  It is worth noting that a 

panmictic population is also unrealistic due to the spatial constraints of geography.  However, a 

network (graph) can represent any possible configuration of deme structure and breeding 

constraints for a fixed configuration of a population.  Hence although the presented graphs do not 

represent any known population structures (a problem that biologists struggle to address) we have 

used several extreme cases to exemplify the effects of irregular or highly constrained population 

structures.  For example, the ring is one extreme example of a regular structure, while a star is an 

extreme of a single individual influencing an entire population.  The two scale-free models show the 

effect of linear structures with increasing levels of clustering.  This approach allows us to highlight 

how changes in population structure interact with the HR model.  We have included the following 

statements in the Methods section to acknowledge the unrealistic nature of the graph structures 

used in the paper and our justification for the approach: 

“To biologists the graph structures used in this paper may seem arbitrary and unrealistic.  However, 

the structures are chosen to highlight and exemplify different population constraints.  For example, 

the ring and star are extreme examples of a regular structure and single clustered population, while 

the scale-free graphs represent linear structures with increased local clustering.  The purpose here is 

to emphasize how changing population structures affect and interact with linked loci.  We 

acknowledge that biological populations will only present elements of these differences due to the 

complexity of a real population.” 

More importantly though, given the lack of realism I would like the paper to try to unpack the results 

a bit more.  We already know that what the paper calls “regular” structures ( and what Nagylaki 

called conservative migration) do not affect Ne.  

This is true for fixation probability but not for time to fixation, where Ne can be significantly affected 

(e.g. slower for rings).    

And we know that star structures etc. do decrease Ne substantially. We also know that a lower Ne/N 

ratio will substantially affect the probability of fixation. The paper asserts that the effect observed 

are not just the results of the change in Ne, but it does not really defend this. If indeed this is true ( 

and I’m happy to believe that it is), the extra effects seem trivial compared to the effect of Ne. But 

this comparison is never made. I would love to see a version of Figure 3 that demonstrated a scaled 
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response to linked selection, expressed as a ratio of the case where the other locus has no selection 

(i.e. standardized by the probability of fixation with N*beta = 0). 

(This is what I was suggesting, perhaps unclearly, in my previous review.)  

The authors state that they show the Kimura results, which is good, but the claim of this paper is 

that linked selection affects the probability of fixation over and above the effects of the population 

structure on a single locus.  OK, we already know that the population structure affects probability of 

fixation. We already know that linked selection affects probability of fixation. The new question is 

whether these two interact in any way, and the paper never actually shows that they do concretely. 

The paper actually alludes to the fact that the pattern is actually similar in reduction in proportional 

fixation probability across different structures (lines 19-21 on p9) but is doesn’t show us concretely 

how much this is true. The possible large effect of Ne is referred to in the discussion (p16, lines 38 

onwards), but it is odd that it is not actually calculated and investigated. I believe the core insight to 

be (possibly ) gained from this work is potentially left almost unstated and unproven. 

Thanks for the suggestion (which we had not understood previously) – this clearly helps to unpack 

the behaviour of the model.  We have created additional normalised versions for Fig 3 – 6, which 

have been normalised either with Nβ=0 (for each q0) or Nc=0 (for each Nβ).  This has allowed a clear 

pattern of the contribution of selection, crossover and spatial structure to be decomposed.  For 

example, Fig. 3 now shows the original and normalised versions of the results for the fixation 

probability of the A allele: 

 

Panel B shows the model normalized by Nβ=0 for each q0 and shows that until the population 

structures have nodes with extreme differences in degree (Scale-free p=2 and Star) that the HR 

behaviour is more-or-less the same.  For the extreme structures the normalized model indicates that 

the influence of selection at the second locus is reduced, which is related to the time to fixation, as 

shown below (new version of Fig. 4): 



 

Panel A shows the increased/reduced time to fixation due to increased/decreased path lengths.  

Panel B (normalized by the time for Nβ = 0 for each q0) shows that when the selection strength on 

both alleles is equal (Nα = Nβ = 4) fixation time increases. For the star there is reduced difference 

between selection strengths because, if fixation is to occur, it must happen early in the process.  The 

following sentences have been included for Figs 3 and 4: 

“We also show, in Panel B of Figure 3, the results scaled by the response when there is no selection at 

the second locus . Here each graph is normalized by the probability of fixation when Nβ=0 for each 

q0. Panel B shows that relative HR probabilities are more-or-less the same for graphs that are regular 

or have some clustering with linear structures (Scale-Free p=1). When a small number of nodes have 

high degrees compared to most other nodes (Scale-Free p=2 and Star), however, the effect of linked 

selection is reduced, which cannot be accounted for by some sort of effective population-size 

adjustment. In other words, the effects we see are not simply the result of some change in effective 

population size: structure matters, too.” 

“Figure 4 (panel B) shows normalized fixation time which shows two properties: as the path length of 

the graph increases (e.g., as it does in the ring), the relative fixation time increases for balanced 

selection (Nα = Nβ); for the scale-free (p=2) and star graphs the effect on fixation time due to 

different selection strengths is reduced. Again, these results show that a simple adjustment to 

effective population size would not account for the differences in fixation time.” 

     

Figures 5 and 6 have been modified to show normalization due to crossover as: 



 

 

 

The following additional statements have been made regarding figures 5 and 6: 

“Panel B of Figures 5 and 6 show the normalized response to fixation and time to fixation by dividing 

the responses by the values for Nc = 0 for each Nβ.  Both show that the extreme degree structures of 

the scale-free (p=2) and star result in responses that cannot be accounted for by effective 

population-size adjustments alone. Interestingly, for these graphs when Nβ ≤ Nα normalized fixation 

time is unaffected, irrespective of recombination rate.” 

 



Thanks for these comments.  We have endeavoured to use the normalised versions of fixation and 

time to argue that there is an interaction between the spatial structure and linked loci. These 

additional arguments are included above. 

 

I would also like to see an acknowledgment that the literature already predicts that time to fixation 

should be longer with isolation by distance models. 

 

The following sentence has been included: 

“This result was first examined in detail by Slatkin (1981), where he showed that fixation time 

increased for both stepping stone and island-based models compared to the equivalent panmictic 

population.” 

 

Reviewer: 2 

 

Comments to the Author(s) 

This is an interesting and useful paper with little to criticise.  The authors explore a range of 

population structures, recombination rates, population sizes and selection coefficients, revealing 

what I see as modest but potentially important deviations from the standard Hill-Robertson effect 

theory. Consequently, I have relatively few comments. 

 

To me, the biggest shortfall is the lack of a targeted attempt to uncover the under-pinning 

mechanism.  Maybe I am wrong, but surely the differences between the various population 

structures can be distilled into their component elements, population size and population 

connectivity?  Larger populations are more likely to include rare products of recombination that 

mean both beneficial alleles lie on the same chromosome, after which selection will tend to do the 

rest.  Equally, connectivity between populations will tend to influence the extent to which stochastic 

early events (a given population sub-unit carrying mainly chromosomes with the beneficial allele at 

one locus but not the other) allows the build-up of opposing outcomes in different sub-units.  Higher 

connectivity (e.g. the star, where every sub-unit is within two migration events of any other) 

presumably allows a more homogeneous / deterministic process.  I wonder whether this could be 

explored more systematically using population pairs and varying the migration rate between the 

two.  Or is this more what previous work has done (I admit, this is not really my area).  Nonetheless, 

it would be nice to see more progress into *why* the different population structures give such 

different results.  Even changing the probability of mixing along an edge should be informative – 

what happens when a star is treated in this way? 

 

Thanks for these interesting ideas.  The paper is the first real attempt to understand the HR effect 

for spatial structures (on graphs) which is why we specifically followed the original HR paper in terms 

of structure and model parameters.  We have now addressed (to some extent) the underlying 

properties of the system through normalisation (see comments, Reviewer 1).  Varying the underlying 

connectivity probabilities (effectively migration rates) for graphs such as a star are possible future 

research.  We agree that there is further work here to pull apart the ways in which the spatial 

structure and linked loci interact, but this would be a significant examination of one space and 

varying its properties and those of a neutral/linked model.  This seems more appropriate as future 

work, reflecting on the current results. 



 

Thus, while it is interesting to use different arrangements of populations, it seems that these are 

chosen more because they are easy to model than because they illuminate any particular aspect of 

the problem (or indeed mimic reality particularly well).   

We have included some additional justification for the use of the graphs in the paper (see Review 1 

comments).  The use of extreme spatial cases (such as the ring and star) seem justified to exemplify 

any behaviours that might occur for specific types of neighbourhood relationships.   

An alternative approach to the systematic varying of parameters that we can be sure will impact key 

parameters like size and connectivity would be to measure these quantities.  For example, repeat 

runs with neutral markers would allow an estimation of Ne and of Fst for each scenario.  At 

minimum, this would allow the authors to be able to state whether or not these two variable can 

explain the variation in outcome or, alternatively, whether there is some further emergent 

property.  If the former, job done!  If the latter, this is equally interesting.  I realise I am likely being 

over-picky, but as it stands I can’t help feeling that the different population structures mask as much 

as they illuminate the key underlying processes. 

  

We have addressed these issues (to some extent) with the normalization of results for fixation 

probability and time to fixation, which suggest some unusual behaviour for certain combinations of 

selection/crossover at both loci.   

 



Dear Reviewers, 

Thank you for the useful and thoughtful review comments which have helped to clarify the 

relationship between graph structure and fixation.  Please find below the changes that we have 

made regarding the issues you have raised.   

Reviewer: 1 

No comments. 

Reviewer: 2 

However, I continue to believe that it is not am massive ask to obtain some measures of key 

characters such as connectivity and at least try to produce a general framework for understanding 

why different population structures behave as they do. 

Thanks for the comments and yes, we agree that a general framework would be useful.  We have 

addressed some additional issues with graph structure by examining the degree variance (i.e. the 

amount of irregularity in the graph) for each graph.  Of course, for regular graphs this is zero, while 

for the scale free and star graphs the variance increases.  This property is correlated with the 

changes in fixation probability.  Although fixation time is dependent on path length for regular 

graphs it is also clear that degree variance contributes to fixation time.  Comments regarding the 

influence of graph degree variance have been included in the results and discussion. 

The following has been added to section 3.2: 

The variance in degree for a graph can be used as a general measure of graph irregularity.  

For all regular graphs this value is zero, while for scale-free (p=1) degree variance is ~3.7, 

scale-free (p=2) degree variance is ~15.6 and for a star degree variance is 60.06.  This 

clearly correlates to the observed changes in fixation probability and implies that graphs 

with nodes that are much more connected than average are strong influences of fixation.    

Some short additional comments in the discussion have been included highlighting the roles of graph 

path length and degree variance.  See REVISED version. 
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