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Recommendation? 
Major revision is needed (please make suggestions in comments) 
 
Comments to the Author(s) 

The author have replied to my previous queries. I still have serious doubts on assessing similarity 
of networks via the Mantell Test, I think that the use of graphlets as described n Przujl 2007 and 
Tantardini et al. 2019 would be a better approach. Except this, I also think that the permutation 
exercise is interesting but lacks the nuances of more "constraining" null models that maintain, for 
example, the number of triangles in the network. Still it can work as a coarse grained assessment 
of whether certain network metrics are more or less expected than by chance.  
 
I have no other comments, but two minor points that relate to language: 
Both on page 21 (out of 36) 
Lines: 47- 48: i think the authors need to be more clear. In fact, randomness should be represented 
by an assortativity coefficient of 0. Disassortative networks are the ones in which high degree 
nodes tend to connect to low degree nodes... and assortative networks the ones in which high 
degree nodes tend to connect to other high degree nodes. 
 
Line 60: something is missing here... i think it should read: peripheral fishers would be more 
likely to be connected to other peripheral fishers. 
 
 
 

Review form: Reviewer 2 
 
Is the manuscript scientifically sound in its present form? 

Yes 
 
Are the interpretations and conclusions justified by the results? 

No 
 
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? 

Major revision is needed (please make suggestions in comments) 
 
Comments to the Author(s) 

This manuscript assesses the information-sharing network in a small-scale fishery. The authors 
build different information-sharing networks based on the type of information that is shared by 
fishers (turtle bycatch, where to fish, regulation, etc.), and compare their structure using 
permutation-based null models and two key metrics: degree assortativity and node eccentricity. 
The authors use their results to highlight how differences in the structure of how different types 
of information that is shared between fishers, have implications for the diffusion of conservation 
interventions.  
The article is well written and succinct and the topic would be of interest to this journal’s 
audience. There are two main concerns I have with this paper. The first concern is that it is not 



 

 

3 

clear why the measures selected (degree assortativity and node eccentricity) are appropriate to 
address the research question in the particular context. They cite a couple of studies of small scale 
fisheries to support their claim that degree assortativity is “known to have important social 
implications for the operation and emergence of competition and cooperation”, but these two 
studies actually assess homophily based on actor attribute (e.g. gear type used), which is very 
different to the type of homophily effect captured by degree assortativeity (which is based on the 
centrality of the actor). Other than this, in Table 2 they authors cite ecological studies using the 
measure. In sum, I would expect a much better empirical,   theoretical, support for their choice of 
metric.  
The second major concern I have is that I am not sure that the authors’ conclusions can be 
justified by their results. Specifically, the authors conclude that information-sharing networks 
about turtle bycatch are “structurally dissimilar” from the other information-sharing networks 
and, even more troubling—they conclude that the “usual mechanisms that drive information 
sharing between fishers in the other fishing-information types assessed (and potentially social 
networks generally) are not at play in the turtle bycatch information-sharing network”. The 
problem I have with this conclusion is that degree assortativity is only one of many mechanisms 
that could be driving the formation of these information-sharing networks, and unfortunately, 
with the approach employed, there is no way that the authors can ascertain what are the 
mechanisms driving network formation (more on this below). My initial reaction was that in 
order to address this, the authors could refocus their conclusions to talk specifically about the 
observed differences in degree assortativity (rather than structure in general), but even then, the 
problem is that some, even more basic mechanisms of network formation (that are not accounted 
for in the study) could actually explain the differences observed in degree assortativity. For 
example, reciprocity is commonly observed in information-sharing networks, and from what I 
can see in Figure 4 there seems to be a fair amount of reciprocity in the data. However, the 
authors do not mention these and other potential mechanisms, how they have accounted for 
them or why they are not relevant to their analysis or context (for example, homophily based on 
demographic characteriscs such as race or family ties/clans, have been found as key mechanisms 
of network formation in fishers information-sharing networks). In other words, I think the 
authors have to do a much better job of supporting their methodological approach. If they cannot 
fully support their choice (and right now I don’t think the support required is there), I would 
invite the authors to re-run their results using appropriate methods for the structural analysis of 
networks where multiple competing mechanisms can be tested concurrently. 
Related to my last point above, I note that a previous reviewer highlighted ERGMs as a more 
stringent null model that is able to take into account multiple network-formation effects. In my 
opinion, the authors’ response to this major concern (as highlighted by the reviewer) is not 
convincing. The authors argue that while they acknowledge that ERGMs can perform many of 
the functions that their permutation null model approach can, they think there is still novelty in 
applying the permutation-based null model because they are only aware of 2 studies on human 
networks that use the same permutation null model that they use. This is not convincing for two 
reasons. First, there are tons of permutation-based models that have been used in the analysis of 
human networks since at least the 80s. They all vary slightly in what the null models are 
conditioned on, but they are all doing the same thing i.e. trying to get a test statistic for the 
measure of interest by comparing it to a baseline. So saying that “there is novelty in applying 
these analytical methods” is not enough. Second, the point about ERGMs is not that they can 
perform many of the functions that permutations test can. The point is that these models can 
perform all of the functions that the permutation model applied by the authors can, plus many 
more. ERGMs are much more advanced models that seem to me are much more suitable for the 
task at hand. This not to say that permutation null models are not adequate for certain tasks. But 
given that the authors have not fully supported why it makes sense to ONLY compare the 
structure of the networks on the basis of their degree assortativity and, also importantly, why the 
particular permutations implemented are suitable given the particular context and type of data, I 
am afraid I am not convinced that the permutation null models selected are suitable.  
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I provide minor comments in the attached pdf document (Appendix A).

Decision letter (RSOS-211240.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 Arlidge 

The Editors assigned to your paper RSOS-211240 "Assessing information-sharing networks 
within small-scale fisheries and the implications for conservation interventions" 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 03-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 Prof Pete Smith (Subject Editor) 
openscience@royalsociety.org 
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Associate Editor Comments to Author: 
The two reviewers have offered a range of comments that you should address in this revision. 
While one of the reviewers expresses concerns regarding the utility/value of the approaches 
adopted, if you can persuade the editors and reviewers that your paper has archival value here 
(rather than perhaps being a paradigm-shifting approach), the journal would be able to accept it 
for publication: we do not require ground-breaking novelty, but there should be some purpose to 
the work if it is to be published as archivally useful. Good luck with the revisions, and we'll look 
forward to receiving these in due course. All best. 
 
Reviewer comments to Author: 
Reviewer: 1 
Comments to the Author(s) 
The author have replied to my previous queries. I still have serious doubts on assessing similarity 
of networks via the Mantell Test, I think that the use of graphlets as described n Przujl 2007 and 
Tantardini et al. 2019 would be a better approach. Except this, I also think that the permutation 
exercise is interesting but lacks the nuances of more "constraining" null models that maintain, for 
example, the number of triangles in the network. Still it can work as a coarse grained assessment 
of whether certain network metrics are more or less expected than by chance. 
 
I have no other comments, but two minor points that relate to language: 
Both on page 21 (out of 36) 
Lines: 47- 48: i think the authors need to be more clear. In fact, randomness should be represented 
by an assortativity coefficient of 0. Disassortative networks are the ones in which high degree 
nodes tend to connect to low degree nodes... and assortative networks the ones in which high 
degree nodes tend to connect to other high degree nodes. 
 
Line 60: something is missing here... i think it should read: peripheral fishers would be more 
likely to be connected to other peripheral fishers. 
 
 
Reviewer: 2 
Comments to the Author(s) 
This manuscript assesses the information-sharing network in a small-scale fishery. The authors 
build different information-sharing networks based on the type of information that is shared by 
fishers (turtle bycatch, where to fish, regulation, etc.), and compare their structure using 
permutation-based null models and two key metrics: degree assortativity and node eccentricity. 
The authors use their results to highlight how differences in the structure of how different types 
of information that is shared between fishers, have implications for the diffusion of conservation 
interventions. 
The article is well written and succinct and the topic would be of interest to this journal’s 
audience. There are two main concerns I have with this paper. The first concern is that it is not 
clear why the measures selected (degree assortativity and node eccentricity) are appropriate to 
address the research question in the particular context. They cite a couple of studies of small scale 
fisheries to support their claim that degree assortativity is “known to have important social 
implications for the operation and emergence of competition and cooperation”, but these two 
studies actually assess homophily based on actor attribute (e.g. gear type used), which is very 
different to the type of homophily effect captured by degree assortativeity (which is based on the 
centrality of the actor). Other than this, in Table 2 they authors cite ecological studies using the 
measure. In sum, I would expect a much better empirical,   theoretical, support for their choice of 
metric. 
The second major concern I have is that I am not sure that the authors’ conclusions can be 
justified by their results. Specifically, the authors conclude that information-sharing networks 
about turtle bycatch are “structurally dissimilar” from the other information-sharing networks 
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and, even more troubling—they conclude that the “usual mechanisms that drive information 
sharing between fishers in the other fishing-information types assessed (and potentially social 
networks generally) are not at play in the turtle bycatch information-sharing network”. The 
problem I have with this conclusion is that degree assortativity is only one of many mechanisms 
that could be driving the formation of these information-sharing networks, and unfortunately, 
with the approach employed, there is no way that the authors can ascertain what are the 
mechanisms driving network formation (more on this below). My initial reaction was that in 
order to address this, the authors could refocus their conclusions to talk specifically about the 
observed differences in degree assortativity (rather than structure in general), but even then, the 
problem is that some, even more basic mechanisms of network formation (that are not accounted 
for in the study) could actually explain the differences observed in degree assortativity. For 
example, reciprocity is commonly observed in information-sharing networks, and from what I 
can see in Figure 4 there seems to be a fair amount of reciprocity in the data. However, the 
authors do not mention these and other potential mechanisms, how they have accounted for 
them or why they are not relevant to their analysis or context (for example, homophily based on 
demographic characteriscs such as race or family ties/clans, have been found as key mechanisms 
of network formation in fishers information-sharing networks). In other words, I think the 
authors have to do a much better job of supporting their methodological approach. If they cannot 
fully support their choice (and right now I don’t think the support required is there), I would 
invite the authors to re-run their results using appropriate methods for the structural analysis of 
networks where multiple competing mechanisms can be tested concurrently. 
Related to my last point above, I note that a previous reviewer highlighted ERGMs as a more 
stringent null model that is able to take into account multiple network-formation effects. In my 
opinion, the authors’ response to this major concern (as highlighted by the reviewer) is not 
convincing. The authors argue that while they acknowledge that ERGMs can perform many of 
the functions that their permutation null model approach can, they think there is still novelty in 
applying the permutation-based null model because they are only aware of 2 studies on human 
networks that use the same permutation null model that they use. This is not convincing for two 
reasons. First, there are tons of permutation-based models that have been used in the analysis of 
human networks since at least the 80s. They all vary slightly in what the null models are 
conditioned on, but they are all doing the same thing i.e. trying to get a test statistic for the 
measure of interest by comparing it to a baseline. So saying that “there is novelty in applying 
these analytical methods” is not enough. Second, the point about ERGMs is not that they can 
perform many of the functions that permutations test can. The point is that these models can 
perform all of the functions that the permutation model applied by the authors can, plus many 
more. ERGMs are much more advanced models that seem to me are much more suitable for the 
task at hand. This not to say that permutation null models are not adequate for certain tasks. But 
given that the authors have not fully supported why it makes sense to ONLY compare the 
structure of the networks on the basis of their degree assortativity and, also importantly, why the 
particular permutations implemented are suitable given the particular context and type of data, I 
am afraid I am not convinced that the permutation null models selected are suitable. 
 
I provide minor comments in the attached pdf document. 
  
===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. 
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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, .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. 
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-- 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-211240.R0) 

See Appendix B. 

RSOS-211240.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 
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Recommendation? 

Accept as is 
 
Comments to the Author(s) 
I would like to thank the author for engaging with all my previous comments. I do think that all 
queries were addressed. 
 
 
 

Decision letter (RSOS-211240.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 Arlidge, 
 
It is a pleasure to accept your manuscript entitled "Assessing information-sharing networks 
within small-scale fisheries and the implications for conservation interventions" in its current 
form for publication in Royal Society Open Science.  The comments of the reviewer(s) who 
reviewed your manuscript are included at the foot of this letter. 
 
If you have not already done so, please ensure that you send to the editorial office an editable 
version of your accepted manuscript, and individual files for each figure and table included in 
your manuscript. You can send these in a zip folder if more convenient. Failure to provide these 
files may delay the processing of your proof.  
 
Please remember to make any data sets or code libraries 'live' prior to publication, and update 
any links as needed when you receive a proof to check - for instance, from a private 'for review' 
URL to a publicly accessible 'for publication' URL. It is good practice to also add data sets, code 
and other digital materials to your reference list.  
 
Our payments team will be in touch shortly if you are required to pay a fee for the publication of 
the paper (if you have any queries regarding fees, please see 
https://royalsocietypublishing.org/rsos/charges or contact authorfees@royalsociety.org). 
  
The proof of your paper will be available for review using the Royal Society online proofing 
system and you will receive details of how to access this in the near future from our production 
office (openscience_proofs@royalsociety.org). We aim to maintain rapid times to publication after 
acceptance of your manuscript and we would ask you to please contact both the production office 
and editorial office if you are likely to be away from e-mail contact to minimise delays to 
publication. 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.  
 
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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Kind regards, 
Royal Society Open Science Editorial Office 
Royal Society Open Science 
openscience@royalsociety.org 
 
on behalf of Pete Smith (Subject Editor) 
openscience@royalsociety.org 
 
Associate Editor Comments to Author: 
Comments to the Author: 
Congratulations on the success of your paper! 
 
Reviewer comments to Author: 
Reviewer: 1 
Comments to the Author(s) 
I would like to thank the author for engaging with all my previous comments. I do think that all 
queries were addressed. 
 
Follow Royal Society Publishing on Twitter: @RSocPublishing 
Follow Royal Society Publishing on Facebook: 
https://www.facebook.com/RoyalSocietyPublishing.FanPage/ 
Read Royal Society Publishing's blog: 
https://royalsociety.org/blog/blogsearchpage/?category=Publishing 
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Arlidge et al. 29 July 2021
Royal Society Open Science – Response to Proceedings of the Royal Society B

*****************************************************
We have addressed the two expert reviewer’s comments from our submission to the Proceedings 
of the Royal Society B in detail. For each point raised, the reviewer’s comments are provided 
followed by our response in bold.

Reviewers' comments:

Reviewer #1 (Remarks to the Author):

Comments to the Author(s)

Sociology terms, such as nodes and network, may be replaced with words in the context of this 
paper. Using the jargon somewhat distracts the real issue. For example, “nodes” can be replaced 
with “fishers” and “network” with “information type.” I point out this and other suggestions in 
the following.

Response: We thank the Reviewer for their helpful suggestions that have helped to improve 
the manuscript. We have made an effort to reduce the network science jargon through the 
manuscript. The term “nodes” has been replaced with “fishers” when discussing 
respondents in the survey, and the term “network” has been replaced with “information 
type” in multiple areas of text. However, we have retained “node” and “network” in some 
instances that we felt were applicable such as when referring to a known network metric 
like node eccentricity. We have ensured that the terms “node” and “network” are clearly 
defined in the text. 

Major points:

Abstract
This abstract is a little “weak.” The second sentence poses the existing question/problem: 
“However, it remains unclear how fine-scale differences in information shared between resource 
users can influence network structure and the success of behaviour-change interventions.” And 
the concluding statement at the end of the abstract states that …“This finding highlights that 
fine-scale differences in the information shared between resource users may influence network 
structure.” Just reading the abstract, it appears that no new information was gained from this 
study - it was known that fine-scale differences in the information shared between resource users 
may influence network structure (second sentence) but it was unknown how the differences 
would affect network structure. I suggest editing the abstract and adding more results to make it 
more convincing.

Response: The Reviewer highlights several good points concerning the clarity of the 
abstract. We have included the following sentence presenting additional results from the 
study:

“We also demonstrate that patterns of information sharing between fishers 
related to sea turtle bycatch are more similar to information sharing about 
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fishing regulations, and vessel technology and maintenance, than to weather, 
fishing activity, finances, and crew management.”

The abstract is written in a rather abstract form where there is no specific conclusion with respect 
to turtle bycatch and information sharing among fishers is stated. Only statement is “... the 
general network structure detailing information sharing about sea turtle bycatch differs from 
other fishing-related information sharing, specifically in degree assortativity (homophily) and 
eccentricity.” I think it would be useful to provide a sentence or two about how it is different 
from other information sharing. 

Response: We have included specifics on how the sea turtle bycatch information-sharing 
network differs from the other information-sharing networks assessed. The relevant 
sentence reads:

“Specifically, no significant degree assortativity (homophily) was identified and 
the variance in node eccentricity was lower than expected under our null 
models”

Also, it may be good to add a sentence about how that finding can be used in turtle conservation.

Response: We have included a sentence about how that finding can be used in sea turtle 
conservation: 

“Our findings highlight the importance of assessing information-sharing 
networks in contexts directly relevant to the desired intervention and 
demonstrate the identification of social contexts which might be more or less 
appropriate for information-sharing related to planned conservation actions.”

Line 37: “The conservation and management of common-pool natural resources such as fisheries 
often involve behaviour-change interventions with resource users.”

This first sentence seems to be convoluted. Perhaps, my definition of “common-pool resources” 
may be different from the authors’. I think “common-pool natural resources” are resources that 
are shared by many, e.g., fishes. With this definition, fisheries are not common-pool natural 
resources themselves but they harvest common-pool resources. If there is a different definition 
for “common-pool natural resources,” it should be clearly stated. Furthermore, fisheries do not 
require conservation. I think the sentence may be split into two sentences, where one is about 
conservation of natural resources and the other about management of fisheries that harvest 
natural resources.

Because of the issue I mentioned in the previous paragraph, the first paragraph is a little difficult 
to follow. I think the authors are trying to state that behavior-changing interventions are 
sometimes necessary to successfully manage small-scale fisheries. I suggest rewriting this 
paragraph. Perhaps, focus on fishery management in this paragraph without considering the 
bycatch issues.
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Alternatively, start the manuscript from the second paragraph and eliminate the first paragraph.

Response: We have clarified the text around common-pool natural resources and the 
harvesters of these resources. We have also refined the first paragraph to only talk about 
fisheries management and talk about the bycatch issues in the following paragraph. The 
first paragraph now reads:

“Managing the harvesting of common-pool natural resources such as fishes 
often involves behaviour-change interventions with resource harvesters [1, 2]. 
These can include interventions like the enforcement of rules, social 
marketing, and education campaigns [3-5]. Informed by other behavioural-
change disciplines like public health and social marketing, conservation 
science is increasingly looking to understand the social structure of fishing 
communities targeted for interventions to predict how information flows 
influence the transmission of pro-environmental behaviours [6, 7]. However, 
understanding how fine-scale differences in information shared between 
resource users can influence network structure and what implications this 
might have for conservation interventions has received little research 
attention.”

Line 67: “... in enacted” should be “... is enacted.”

Response: Done.

Line 72: “We apply null models that incorporate pre-network data permutations to fisher 
information-sharing data, to explore a potentially crucial, but currently untested assumption 
when analysing social networks in conservation science and natural resource management”

Maybe it is better to state “we apply the permutation-based null model approach to fisher 
information-sharing data in order to explore…,” or something similar?

Response: This paragraph has been rearranged. The relevant sentence has been moved to 
the final paragraph of the introduction and reads:

“In this study, we apply a social network analysis and permutation-based null 
model approach to assess whether networks of small-scale fisher’s information 
sharing about sea turtle bycatch are structurally similar to other types of fishing 
information-sharing networks (Table 1).”

Materials and methods
Line 161: “In each network, the nodes were the individuals, and the binary directed edges were 
the nominations by one node (sender) of another node (receiver) for this information type.”

Is it possible to keep “individuals'' (or “fishers” or “skippers”) rather than changing the word to 
“nodes” throughout the manuscript? Calling individual fishers “nodes” makes the manuscript 
seem to be detached from the real conservation issues.
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Response: The majority of references to “node(s)” has been changed to “fisher(s)” or 
“individual(s)” throughout the manuscript (depending on whether the text is talking 
specifically about the surveyed fishers, or individual people more generally). The exception 
for inclusion of “node” is when referring to a known metric that uses this term i.e., “node 
centrality” and “node eccentricity”. 

Line 174: “While the null model methods applied in the current study were developed in 
ecology, they are beginning to be used in human network analysis. For example, in the fields of 
epidemiology for assessing human contact tracing disease control measures [39].”

These sentences should be moved to Discussion.

Response: We have moved the sentence in question to the second paragraph of the 
‘Structural differences across information-sharing networks’ section in the methods, which 
was formerly was a paragraph in the supplementary materials. The paragraph reads:

“Network null models (routines that generate different types of null datasets 
against which the observed dataset can be compared) are a group of statistical 
models commonly applied in network analysis. Specifically, null models are 
especially useful when investigating hypotheses in datasets, control groups are 
difficult to establish, exogenous treatments are unavailable, and observations 
may be missing or biased [48-50]. As such, null model methods are important 
because network data is comprised of non-independent observations of multiple 
individuals, and small variations in how data are collected between respondents 
can easily generate patterns that appear as social structure [50, 51]. Null models 
have been applied to network data in sociology since the 1970s [48] and 
discipline-specific developments have subsequently been made to statistical 
models such as exponential random graph models [52, 53], conditional uniform 
graph tests [54-56] and quadratic assignment procedure tests [57-59]. Since the 
mid-1990s, the field of ecology has also made extensive use of null models to 
develop specialised hypothesis testing routines and treat underlying uncertainty 
or data collection methodology biases when interrogating non-human animal 
network data [60-62]. Here we expand the application of the permutation-based 
null model approach routinely used in ecology to human social networks, which 
have also been applied in the field of epidemiology for assessing human contact 
tracing disease control measures [63].”

Line 181: “The degree assortativity (or homophily) coefficient measures the extent to which 
central nodes are connected to other central nodes, and peripheral nodes are connected to other 
peripheral nodes based on a particular trait.”

When replacing “nodes” with either “individuals” or “fishers,” this sentence becomes more 
understandable (at least to me): “The degree assortativity (or homophily) coefficient measures 
the extent to which central fishers are connected to other central fishers, and peripheral fishers 
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are connected to other peripheral fishers based on a particular trait, such as....”

Response: “Nodes” have been changed to “fishers” in this sentence as suggested. 

Line 187: “When nodes of similar centrality are randomly distributed in a network (i.e., fully
disassorted), those networks do not always score -1 due to the minimum value depending on the 
number of node types and the relative number of links within each group [40]”

Again, replacing “nodes” with “fishers” makes the sentence more understandable. One question: 
what are “node types” in this sentence? What “types” of fishers are you referring to?

Response: “Nodes” have been changed to “fishers” in this sentence, following the 
reviewer’s earlier suggestion. The sentence now reads:

“When fishers of similar centrality are randomly distributed in a community 
(i.e., disassorted), those networks do not always score -1 due to the minimum 
value depending on the number of fishers and the relative number of ties within 
each group [64].”

Line 231: “The first edge permutation simply allowed the randomisation of all in-going links, 
while maintaining the number of nominations (out-going links) each individual made within this 
information-sharing network”

In other places, the authors used “in-coming” rather than “in-going,” e.g., Table S1. I suggest 
using “in-coming” (or “in-going”) throughout the text.  

Response: All references to “in-going” in the text have been changed to “incoming”. 

Results
Means are provided in the results section. Were scores (networks, links, etc.) symmetric? If not, 
medians may be a better statistic to describe the central tendency.

Response: Network links were not symmetric across each information-sharing network 
assessed. We list the total number of links across each network in Table S1(b) of the 
supplementary materials. 
 
Line 293: “As such, there was no evidence for a non- random tendency for highly nominated 
nodes to be disproportionately connected to other highly nominated nodes, nor for rarely 
nominated nodes to be disproportionately connected to other rarely nominated nodes.”

Here is another example in which using the word “nodes” makes a sentence less understandable. 
At least in my mind, when I replace “nodes” with “fishers”, the sentence is a little more 
digestible.

Response: “Nodes” have been changed to “fishers” in this sentence. The sentence now 
reads:
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“As such, there was no evidence for a non-random tendency for highly 
nominated fishers to be disproportionately connected to other highly nominated 
fishers, nor for rarely nominated fishers to be disproportionately connected to 
other rarely nominated fishers.”

Discussion
Line 413: “We demonstrate that across all the networks assessed, the fine-scale structures of our 
information-sharing networks are more similar than otherwise expected based on the number of 
links or even who is linked to whom.”

I got a bit confused about the term “our information-sharing networks.” Should this be “fisher’s 
information-sharing network”? Or is the inference about a broader population?

Response: The Reviewer is correct, the use of “fisher’s information-sharing network” is 
more appropriate. We have implemented the suggested change. The sentence now reads:

“We demonstrate that across all the networks assessed, the fine-scale structures 
of the fisher’s information-sharing networks are more similar than otherwise 
expected based on the number of links or even who is linked to whom.”

Line 417: “..., the similarity also demonstrates that relying on simple network measures without 
the use of the null model comparisons could potentially results in an improper assessment of 
network structure.”

Did the authors actually compare between conclusions with and without the null model 
comparisons? I don’t recall seeing them.

Response: The comparison between simple network measures without the use of null 
models and null models is implicit in the analysis undertaken, we now hope we have made 
this clear in the text. Metric measures are undertaken and presented as the horizontal line 
and the expected distribution of the measure from the null models as coloured polygons, 
demonstrating whether the observed measure is above, within, or below the expected null 
distribution. So, each observed statistic is always compared to the null model, and this is 
what determines whether it is higher, or lower (or not significantly different) from 
expected. 

The paragraph mixes discussions about the findings of the study and methods (null model 
comparisons). I suggest separating the discussion about the methods from this paragraph. That 
discussion (null model comparisons) may be provided first in the discussion section.

Response: We agree that separating the study findings from the methods makes the overall 
discussion clearer. The first two paragraphs of the discussion now read:

“Understanding correlations between networks allows for assessing fisher-to-
fisher (dyadic link) information-sharing differences between multiple networks. 
The similarity identified between the fine-scale structure of the information-
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sharing networks assessed demonstrates that relying on simple network 
measures without the use of the null model comparisons could potentially result 
in an improper assessment of network structure. Moreover, insight into these 
differences helps identify social contexts suited to conservation interventions, 
and more broadly, offers insight into the generalisability of network research 
[80]. 

We demonstrate that across all the networks assessed, the fine-scale structures 
of the fisher’s information-sharing networks are more similar than otherwise 
expected based on the number of links or even who is linked to whom. While 
this similarity assures that in the current study’s gillnet skipper network, 
knowledge about a social network based on general information spread should 
be transferable into understanding how novel information spreads. We also 
show the networks that are most closely related to the specific network of 
conservation interest, offering a greater understanding of how information 
flows relevant to the broader topic of information-sharing about fishing are 
structured and relate to one another (Fig. 3).”

Line 441: “Our study demonstrates how networks of information-sharing regarding a 
conservation-relevant topic (sea turtle bycatch) are structurally dissimilar from other fishing-
related information-sharing networks, and the extent to which dyadic links can be non-randomly 
predicted from other information-sharing networks.”

Given this finding, how would resource managers use information sharing structures among the 
gillnet fishers to reduce turtle bycatch in this region?

Response: We have included the following text discussing how the study’s findings above 
can support resource managers reduce sea turtle bycatch in the region:

“The lack of degree assortativity (homophily) identified among fishers sharing 
sea turtle bycatch information may suggest that a rapid diffusion of information 
about the planned intervention could be less likely as highly nominated fishers 
may often not discuss sea turtle bycatch with other highly nominated fishers. The 
low variance in node centrality identified within the same network may suggest 
that resource managers for instance could place less emphasis on which fishers 
they choose to start seeding information with about the intervention, as 
individuals have similar connectivity anyway. Finally, resource managers could 
also consider using the data comparing fishing information types to gain insight 
into these fisher’s perception of sea turtle bycatch to inform engagement 
processes as part of the implementation of behaviour change interventions.”

We also added a sentence in the preceding paragraph of the discussion that informs 
the final sentence of the newly added text in the conclusion:

“Moreover, the correlations identified between sea turtle bycatch and the 
topics of vessel technology and maintenance, fishing gear, and fishing 
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location indicate a perception of sea turtle bycatch as part of the process of 
fishing (Table 1).”

Figure 1. Why are there eight nodes when calculating test statistic but only five nodes in 
other steps? I’m thoroughly confused looking at these plots - A/B and C/D are identical in 
the structure as represented in the figure. Are they supposed to be the same?

Response: Eight nodes were used to portray the calculation of the test statistic as a 
five node network was thought to be more difficult to visually represent assortativity. 
However, we see how varying the number of nodes in Figure 1 may have caused 
confusion. We have updated Figure 1 by changing the network calculation depictions 
of the test statistic to a five node network for consistency. Changes to node colour 
have also been added for further clarification to the figure.  We have also added a 
second series of labels to the figure for each of the steps of the null model permutation 
process. The first set of labels is associated with the two edge permutation null models 
(A/B) and the second set is associated with the cross-network edge permutation 
models (C/D).

Examples A/B portray the two edge permutation null models performed in this study. 
Examples C/D portray the two cross-network edge permutations. A/B and C/D are 
identical in the number of nodes and links they have, but the figures show a shuffling 
of links that occurs in the permutation process. The figure legend text has been 
update to provide further clarification. It now reads:

“Figure 1. Schematic representation of edge-based permutation models with 
directed network data. Four main null model steps include (i) creating a 
social network from the observed data, (ii) calculating a test statistic, for 
example, a network-level metric like degree assortativity (high-degree 
fishers that are coloured red primarily connect to other high-degree 
fishers), (iii) randomising the observation data (typically with 1000 
permutations), and (iv) recording the distribution of possible test statistics. 
Conclusions can then by drawn by comparing the observed test statistics to 
the distribution test statistics, and the P-value calculated. Throughout the 
edge swap permutations, the fisher positions remain the same, but the 
configuration of edges between fishers change based on select criteria. The 
four null model examples shown are all used in this paper’s analysis. (A) 
Outgoing edge permutation allows the randomisation of all incoming links, 
whilst maintaining the number of nominations (outgoing links) each 
individual made, (B) edge permutation only allows the swap of links, by 
maintaining the number of nominees (incoming links) and nominations 
(outgoing links) each individual made in this information-sharing network. 
(C) Network swap permutation maintains each dyadic nomination, but 
randomises the networks that these nominations were made in (i.e., when 
individual X nominated individual Y for information sharing within three 
different information-sharing networks (represented by different coloured 
arrows), the cross-network permutation allows these three nominations to 
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be reassigned to any of the nine possible networks), and (D) conservative 
network swap permutation maintains each dyadic nomination, but 
randomises the networks that these nominations were made in, while also 
controlling for the number of nominations that took place overall within 
each network (i.e., when individual X nominated individual Y for 
information sharing within three different information-sharing networks, 
these three nominations were reassigned amongst the networks in a way 
that was equal to the number of nominations in each network).”

Figure 2A: There are five depth contour lines in the figure but only four were given in the 
caption (200, 1000, 3000, and 5000). I think it’d be more convenient if the depths were 
provided in the figure itself.

Response: Depth contour labels have been added to the map of Figure 2A and the 
relevant text removed from the figure legend. 

Figure 2B: “most red” may be better with “darkest red”?

Response: “Most red” has been changed to “darkest red” in the figure legend. 

If the size and color provide the same information, I suggest using just one (size) not both.

Response: We thank the reviewer for their perspective on the use of node size and 
colour change together, but we believe that changing the node size and colour is more 
effective for showing differences in nominations with as many respondents as we have 
in the illustrative network. Therefore, we would like to keep the illustration as it is. 

Figure 2C and 2D: Are “edge permutations” and “edge swap” the same thing? If so, I 
suggest using one term consistently. 

Response: “Edge swap” has been changed to “edge permutation” throughout the 
manuscript and supplementary information. 

I don’t see any instance where the observed value is below permutations. If so, you can 
remove “purple = observed values are below permutations.”

Response: There is one instance in Figure 2D. The observed value is below the 
permutation for the sea turtle bycatch information-sharing network. 

Figure 3: I suggest removing “purple = observed values are below permutations” because 
there is none. 

Response: This was an error carried over from another figure. “purple = observed 
values are below permutations” has been removed from the figure legend.
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Why are some permutations distributions smooth and others not?

Response: The smoothness of the permutations distributions is just in relation to the 
possible, or most likely, values that the permutations can generate. This is another 
example of why permutation analysis like this can be useful, as it directly shows what 
may have been expected from the underlying data itself, and makes no assumptions 
about normal or smooth distributions etc. 

Table 2: What is the difference between filled and empty red circles, and between red and 
black circles?

Response: The following text has been added to the figure legend for clarification:

“Red circles and arrows highlight the relevant structure of the network 
each metric measures. Black and white circles and black arrows highlight 
structures of the network that are not relevant to the metric measure in 
question”

Example of degree assortativity. “The authors use simulations of animal data to
assess how variation in simple social association rules between individuals can determine 
their positions within emerging social networks.” What kind of animal data were simulated 
in the study, movements?

Response: The simulated data was individuals’ association patterns. The author 
separately considered three simple scenarios, each with its own specified process 
underlying social differences between individuals. For each of these three scenarios, 
they carried out simulations where social associations occurred at random apart from 
the specified scenario to generate the arising social networks. The first scenario 
considered individuals’ general sociability as the number of individuals that a focal 
individual generally associates with (which is also analogous to gregariousness or 
average group size). In a second scenario, individuals were set to vary in their 
‘reassociation tendency’, which was defined as their propensity to reassociate with 
individuals they had associated with before. In the third scenario, the authors varied 
individuals’ ‘within-group association’ i.e. their likelihood of associating with their 
own group members over non-group members.

The following text has been added to Table 2 to clarify this point. 

“The authors use simulations of individual association patterns of animals to 
assess how variation in simple social association rules between individuals 
can determine their positions within emerging social networks”

Supplementary Methods
Line 97: Should “in-degree of links” be “in-going links”?  

Page 11 of 36

https://mc.manuscriptcentral.com/rsos

Royal Society Open Science: For review only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Arlidge et al. 29 July 2021
Royal Society Open Science – Response to Proceedings of the Royal Society B

Response: “in-degree” can refer to the number in-coming links. But we have edited 
this sentence for clarify. The revised sentence reads:

“While the number of out-going links was limited to ten, there was no limit 
on the number of in-coming links in the network (i.e., there was no limit to 
the number of times others could nominate a skipper), which was the main 
focus of our analysis.”

Line 248: Is “an actor” the same as a “node”? If so, I suggest using the same term 
throughout and perhaps replace it with “skipper” or “fisher.”

Response: The review is correct. We have implemented the suggested change 
swapping “actor” for “fisher”. The relevant text reads:

“…how far a fisher is from the furthest other…”

Figure S2:  There are no red or purple lines.

Response: The following text has been removed from the figure legend:

“red = observed values are above the permutations,” and “, purple = 
observed values are below the permutations”

Figure S3: Purple is difficult to discern. I suggest changing the color or, alternatively, use 
black for all - there is no information gained by adding different colors.

Response: We thank the reviewer for their perspective on the use of coloured lines in 
the figure, but we believe that having different coloured lines is more effective for 
showing key differences of whether the network metrics are above, within, or below 
the null distributions. We would also like to keep the colour purple. Therefore, we 
have kept the illustration as it is. 

Table S2: Is “in assortment” the same thing as “incoming assortativity” in the main text? If 
so, I suggest using one term consistently throughout the manuscript, including this 
supplementary material. If not, the term needs to be defined somewhere. I did not find 
“assortment” in the main text. Similarly “variance eccentricity” was not found in the main 
text. Looking at other table captions, variance eccentricity should be worded as “variance 
in node eccentricity.” I suggest going through all figure and table captions and make sure 
that they are comparable.

Response: Thank you for pointing out this lack of clarity with use of terms. We have 
removed any reference to “assortment”, which was in error. All reference is now to 
“degree assortativity” in general, or “in-degree assortativity” and “out-degree 
assortativity” when specifically referring to incoming or outgoing ties. We have 
ensured consistency throughout the main manuscript and the supplementary 
materials.
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Arlidge et al. 29 July 2021
Royal Society Open Science – Response to Proceedings of the Royal Society B

Table S3: Here, “out assort” is defined as “assortativity coefficient for outgoing links.” Is 
this comparable to Table S2? If so, I suggest changing the captions so that they are 
comparable.

Response: The reviewer is correct. We have updated the figure legends for Tables S2 and 
S3 for consistency. The relevant text reads:

“Table S2. Measures of network structure with statistics describing the in-
degree assortativity coefficient (in assort) and variance eccentricity (var 
eccent).”

“Table S3. Measures of network structure with statistics describing the out-
degree assortativity coefficient (out assort), mean node eccentricity (mean 
eccent) and variance in node betweenness (var between).”

Once again, we thank the reviewer for their thorough and thoughtful review.

Referee: 2

Comments to the Author(s)
This paper presents an association study between multiple layers of an information sharing 
network, where nodes are individuals, edges represent whether information is transmitted (or 
not) and layers represent the type of information transmitted (vessel, regulation, where to fish, 
etc..). The authors assess two networks metrics, and base their analysis on similarity/differences 
between the different information networks comparing them to specific null models.

Two key points makes me wonder whether this is an appropriate journal for the work presented.

1) The methods are interesting, but not new, in some ways, these are very similar to the methods 
used to assess whether specific configurations (often called motifs) are over or under 
represented. ERGM (that the authors refer to in the supplementary) already take this into account 
(and more stringent null model as well, ERGM take into account network configurations taking 
into consideration (conditioned over) all other configurations/nodal characteristics chosen for a 
specific analysis.

2) Social networks are different than other types of network where the state of the nodes are 
more easily predictable or where the edges follow specfic laws (entropy, energy etc.). Humans, 
and especially knowledge and information exchange, as well as resources and other relationship, 
do not necessarily adhere to general principles, and predicting is, in this context, too strong of a 
statement. Further, social networks can change faster than other types of networks based on 
programs, events, or even choices that individual decide to make. Overall, while looking at null 
model is interesting, this is not novel (- see point 1 - ERGM do exactly that, as well as motifs in 
ecological, biological and social networks). Hence the author should be clearer on where the 
novelty of their approach lies. As of now, this is an application to social network of edge 
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Arlidge et al. 29 July 2021
Royal Society Open Science – Response to Proceedings of the Royal Society B

permutation that lacks the nuances that are system specifc.

Response: We thank the Reviewer for their thoughtful review of our manuscript.

The reviewer raises two interesting points. Concerning the reviewer’s first key point on the 
novelty of the methods, we are very aware of the use of ERGMs and their extensive use 
throughout the sociology literature analysing social networks. However, we are only aware 
of two studies to the null model permutations that we use to human network data. While 
ERGMs can perform many of the same functions that the null models that we perform can, 
they are not identical and there is novelty in applying these analytical methods to human 
social network data.  

Some other points I would like to raise:

I strongly suggest to move the Network Null model in the main manuscript and not in the 
supplementary, as null models have been applied in SNA... for quite some time... as you 
correctly state, while the impression I had reading the manuscript is that the null model idea was 
novel as only applied in ecology.

Response: Done. The paragraph has been moved from the supplementary material to the 
methods section. 

Methodologically: i am have doubts in how you assess differences and similarity between the 
different networks. In fact, you use basically two metrics. A more comprehensive approach on 
network structure similarity would have been the one proposed by Przulj (2007) see also 
Tantardini et al: using graphlet correlation distance is considered better than other options when 
it comes to assess network similarity, and works even when nodes are non-matching, see 
Tantardini, Dimiitrova for multiplex networks, and others).

Response: We have now added a reference to the work cited here as a potential alternative 
method for considering differences/similarities between networks. However, we have opted 
to continue to use the metrics we initially used here as we believe that these are intuitive to 
the reader (i.e. correlation based) and easily/usefully compared to the null models that we 
implement here too, and allow interpretation. We think that these benefits of this approach 
are useful, and -while other metrics may be available- we believe that this is the best fit for 
our research here. Thank you for these interesting references.

Minor comments

More in detail, a couple of issues that I think, need to be addressed:

Line 183 - 185 this premise is not really justified by the references. This statement, if true (and it 
may be, as all structural properties of a system can have important social implications) need 
refinement and improvement, as well as being contextualized within the literature, preferably 
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Royal Society Open Science – Response to Proceedings of the Royal Society B

related to networks and common pool resources (See some of the work of Bodin and Crona in 
this area)

On homophily: his is a bit far fetched, it would e true if and only if you can assess specific 
individual characteristics that go beyond the structural characteristics you can assess by looking 
at assortativity based on in/out degree. In fact, yes, we tend to share information based on 
similarity, but that similarity is often related to background, kinship, system representation etc.. 
If you go this route, you should also assess literature on prestige bias imitation.

Response: We have refined the sentence and its referencing:

“The degree assortativity (or homophily) coefficient measures the extent to 
which central fishers are connected to other central fishers, and peripheral 
fishers are connected to other peripheral fishers based on a particular trait [64, 
65]. The level of degree assortativity in a network is known to have important 
social implications for the operation and emergence of competition and 
cooperation (e.g., small-scale fishers working with the same gear type will form 
social relationships involving information exchange [30, 66]).”

The added references include:

Alexander S., Bodin Ö., Barnes M. 2018 Untangling the drivers of community cohesion in 
small-scale fisheries. Int J Commons 12(1), 519–547.

Crona B., Bodin Ö. 2006 What you know is who you know? Communication patterns 
among resource users as a prerequisite for co-management. Ecol Soc 11(2).

Line 186: this implies perfect correlation not homophily.

Response: We have amended the sentence to reflect this point. The sentence now reads:

“Positive values demonstrate degree assortativity, whereby a score of 1 would 
indicate that the network is assorted by individuals’ degree to the maximum 
extent, and negative values represent disassortment (i.e. central individuals 
more likely to be associated with peripheral individuals).”

Line 241: You state that you can predict a specific network multiple times, ii am unsure whether 
I mis-interpreted, but I challenge the notion that you are looking at "predicting". At best you are 
looking at association in a specific point in time. Human systems are a bit more difficult to 
analyze and predict than any other systems. Again, you should change the language accordingly 
and talk mainly about association/correlation.

Response: We have amended the sentence using the term “correlated” rather than 
“predicted” as the reviewer suggest. The sentence now reads:
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Arlidge et al. 29 July 2021
Royal Society Open Science – Response to Proceedings of the Royal Society B

“To reveal the extent to which the sea turtle bycatch information-sharing 
network can be correlated with the other networks evaluated, we examined the 
dyadic similarity between the different information-sharing networks.”

We also amended a sentence in the conclusion:

“Our study demonstrates how networks of information-sharing regarding a 
conservation-relevant topic (sea turtle bycatch) are structurally dissimilar 
from other types of fishing information-sharing, and the extent to which 
fisher-fisher (dyadic) ties can be correlated with other information-sharing 
networks”

Use of Mantel test: Describing the use of your correlation between networks as a mantel 
test brings issues, as it has been shown (see Legendre et al.) that it is not a good choice 
for data that are related. Network data are by definition not-independent. 

Response: Thanks for this comment. Mantel tests are commonly used as a simple 
descriptor of the correlation between network matrices, and provide an intuitive measure 
of this. As stated in the responses above, we now acknowledge that other measures of graph 
similarity are available, but we have opted to continue to use our initial correlation 
measure here (for the reasons provided above). Further, the combination of using this 
correlation metric on the directed network matrices with the comparison to the null models 
means that the ‘related’ data issues are directly considered within the analyses anyway (as 
described in the Methods and Supplementary information). Therefore, thank the reviewer 
for their comment, but have opted to keep this method, and have added references to other 
potential methods for the interested reader to refer to if they wish. 

Even more so, it is likely that sharing information in one network leads to sharing in all other 
networks. This may also be an artifact (to some extent) on how the questionnaire was laid out 
(name and then the different networks, as shown in the supplementary material).

Response: Respondents were interviewed verbally and did not see the recording sheet that 
is presented in supplementary materials. This was not explicitly stated in the 
supplementary material, so it has been added”

“All respondents were interviewed verbally using a face-to-face interview 
format.”

And supplementary material lines:

“Respondents were not shown the reporting table used by the interviewers to 
records each respondent’s responses (Q25 of the social network 
questionnaire).”

 
For further clarification of how the data was gathered, the prompt presented in full in the 
supplementary information was given to the respondents before the fixed response:
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Arlidge et al. 29 July 2021
Royal Society Open Science – Response to Proceedings of the Royal Society B

“Respondents were asked to consider people from San Jose that they share 
useful information about fishing with; considering those that they thought may 
influence their fishing success. Respondents were reminded that the shared 
information and names will remain anonymous and will not be revealed. We 
highlighted that the information provided will help us understand how 
information that relates to fishing flows between fishers.  Prior to the fixed 
response, respondents were asked to consider relationships that they have had 
with other vessel owners, captains, owner/captains (owners who also captain 
their vessel), other fishery leaders, fishery management officials, members of the 
scientific or not-for-profit community, boat launching / landing support, fish 
transport associations, fish sellers/market operators, their family and friends, 
and any other people they have fished with, or shared information with about 
fishing over the last 5 years.”

Line 249: unfolded matrices:  not sure what this means

Response: We have now removed the term ‘unfolded matrices’. 

some References in case the authors want to incorporate some of the suggestions made:

Response: We thank the Reviewer for including this reference list. This additional reading 
was informative and we incorporated Pržulj, N. (2007) and Tantardini et al. (2019) into our 
reference list.

Dimitrova, T., Petrovski, K., & Kocarev, L. (2020). Graphlets in Multiplex Networks. Scientific 
Reports, 10(1), 1–13. https://doi.org/10.1038/s41598-020-57609-3

Legendre, P., Fortin, M. J., & Borcard, D. (2015). Should the Mantel test be used in spatial 
analysis?. Methods in Ecology and Evolution, 6(11), 1239-1247.

Pržulj, N. (2007). Biological network comparison using graphlet degree distribution. 
Bioinformatics, 23(2), 177–183. https://doi.org/10.1093/bioinformatics/btl301

Shanafelt, D. W., Salau, K. R., & Baggio, J. A. (2017). Do-it-yourself networks: a novel method 
of generating weighted networks. Royal Society open science, 4(11), 171227.

Tantardini, M., Ieva, F., Tajoli, L., & Piccardi, C. (2019). Comparing methods for comparing 
networks. Scientific Reports, 9(1), 1–19. https://doi.org/10.1038/s41598-019-53708-y

Yaveroäa̧ Lu, Ö. N., Malod-Dognin, N., Davis, D., Levnajic, Z., Janjic, V., Karapandza, R., … 
Pržulj, N. (2014). Revealing the hidden Language of complex networks. Scientific Reports, 4, 1–
9. https://doi.org/10.1038/srep04547
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1. Summary

The effectiveness of conservation interventions can often depend on local resource users' underlying social 
interactions. However, it remains unclear how fine-scale differences in information shared between resource 
users can influence network structure and conservation intervention diffusion. Here, we explore the 
differences in nine subtopics of fishing information that are of relevance to the expansion of a community co-
management scheme aiming to reduce sea turtle bycatch at a small-scale fishery in Peru. Our results show that 
the general network structure detailing information sharing about sea turtle bycatch is dissimilar from other 
fishing information sharing. Specifically, no significant degree assortativity (homophily) was identified and 
the variance in node eccentricity was lower than expected under our null models. We also demonstrate that 
patterns of information sharing between fishers related to sea turtle bycatch are more similar to information 
sharing about fishing regulations, and vessel technology and maintenance, than to weather, fishing activity, 
finances, and crew management. Our findings highlight the importance of assessing information-sharing 
networks in contexts directly relevant to the desired intervention and demonstrate the identification of social 
contexts that might be more or less appropriate for information-sharing related to planned conservation 
actions.

2. Introduction
Managing the harvesting of common-pool natural resources such as fishes often involves behaviour-change 
interventions with resource harvesters [1, 2]. These can include interventions like the enforcement of rules, 
social marketing, and education campaigns [3-5]. Informed by other behavioural-change disciplines like 

*William N. S. Arlidge (william.arlidge@igb-berlin.de).
†Present address: Department of Biology and Ecology of Fishes, Leibniz-Institute of Freshwater Ecology and Inland Fisheries, Müggelseedamm 310, 
12587 Berlin, Germany
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public health and social marketing, conservation science is increasingly looking to understand the social 
structure of fishing communities targeted for interventions to predict how information flows influence the 
transmission of pro-environmental behaviours [6, 7]. However, understanding how fine-scale differences in 
information shared between resource users can influence network structure and what implications this might 
have for conservation interventions has received little research attention.  

Throughout the world’s fisheries, bycatch (defined here as incidental catch that is either ‘unused or 
unmanaged’ [8]) remains a critical issue for marine species, ocean ecosystems, and fishing communities [9-11]. 
Bycatch is notably problematic for taxonomic groups that are either highly migratory or that have 
conservative life history characteristics including sea turtles, seabirds, marine mammals, elasmobranchs, and 
corals [12]. What’s more is managing bycatch is a particularly intractable issue among geographically 
dispersed populations of resource constrained small-scale fishers in lower- and middle-income countries [13, 
14]. Small-scale fisheries are hugely important to many coastal communities, employing more than 90 percent 
of the world’s wild capture fishers and fish workers [15], however, the bycatch issues in these fisheries remain 
widespread and underreported [16-18]. 

Small-scale fisheries often lack institutional capacity and have weak state oversight [19]. In such instances, 
individual decision‐makers are subject to fewer legal constraints and are more prone to influence by their 
peers [20]. For example, Alexander et al. [21] found that fishing experience dictates the influence among small-
scale fishers in Jamaica, with older fishers and information brokers having discrete roles in shaping catch 
patterns for large- and small-sized fish species, respectively. The adoption of pro-environmental behaviours in 
small-scale fisheries often occur through social influence [1, 22, 23] and social reinforcement [24], which result 
from interpersonal communication, and the evaluation of credibility and social norms between peers [25-28]. 
In particular, social network analysis has proven useful for understanding the social dynamics of information 
sharing between fishers [29], considering the establishment of common rules and norms among stakeholders 
[30, 31], and understanding complex social-ecological interactions to enhance conflict resolution strategies 
[32]. Social networks offer a powerful lens through which to understand the social and ecological contexts in 
which conservation interventions are enacted [33]. However, increasing adoption of social network analysis in 
conservation science highlights the need to understand how network approaches developed in the ecological 
sciences relate to those in the social sciences, and the benefits of all types of approaches for answering the 
many questions within social networks of communities targeted for conservation interventions.

For instance, when empirically exploring peer-to-peer information flow in fishing communities it seems 
intuitive to build information-sharing networks by asking fishers with whom they exchange information 
about fishing [34-36]. However, the most influential individuals sharing one type of information may not be 
the most influential people when sharing a similar but closely related topic of information that relates more 
precisely to a specific topic a conservation intervention might seek to target. For example, in an exemplar and 
important study [37], it was intuitively assumed that information shared between fishers about fishing would 
be predictive of a finer-scale yet closely related environmental outcome – shark bycatch. Similarly, in a 
contemporary study [36] investigating how ‘key players’ were positioned implementing broad conservation 
objectives, the social networks were based on similar information-sharing data mapping whom respondents 
fished with or exchange information about fishing. Here we explore the potentially crucial, but currently 
untested assumption when analysing social networks in conservation science and natural resource 
management – that the structure of the network (i.e., which fishers are socially tied to one another, and who 
may share information) is consistent across different (albeit perhaps somewhat similar) information-sharing 
networks. This uncertain assumption implies that the social ties measured in one network will also be 
important for spreading the conservation information of interest in another closely related network.

If individuals’ social behaviour remains consistent across different aspects of their social lives, in terms of 
which individuals they form social relationships with and the number of relationships they form, then the 
social networks across these contexts are expected to be correlated [38, 39]. As individuals who share 
information to a particular topic, they may be more likely than a non-connected pair of individuals (dyad) to 
share a different topic of information (i.e., two fishers who know each other versus two that do not know each 
other). We, therefore, hypothesised that information-sharing networks across multiple information types that 
relate to fishing would be correlated. However, specific networks may be strongly correlated to one another, 
while other networks may be less correlated.
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We focus on a coastal fishing community in Peru with problematic sea turtle bycatch [16, 40, 41]. At the study 
site, a local not-for-profit is trialing a community co-management scheme aiming to reduce sea turtle bycatch 
[42]. This initiative intends to create direct incentives for sea turtle bycatch reduction by giving price 
premiums to fish caught by fishers that follow best-practice bycatch reduction guidelines such as using light-
emitting diodes on nets [43]. Timely bycatch information is conveyed to fishers by the not-for-profit [44], 
which intends to expand the community co-management scheme, first to more fishers within the target 
community, and second to similar communities along Peru’s coast. The community co-management 
expansion could be more cost-efficient if resource managers better understood how messages about the sea 
turtle bycatch reduction initiative’s existence and aims might spread. 

In this study, we apply a social network analysis and permutation-based null model approach to assess 
whether networks of small-scale fisher’s information sharing about sea turtle bycatch are structurally similar 
to other types of fishing information-sharing networks (Table 1). We test the assumption that knowledge 
about information-sharing social networks should be transferable to a related information-sharing network of 
interest (other fishing issues and sea turtle bycatch, in our case). We illustrate how null model analysis 
techniques used in the ecological sciences may offer more in-depth insights into the fine-scale structure of 
human networks than could be gained from simple centrality measurement methods, and we provide insight 
into comparing information-sharing networks within a social system of high conservation interest. We 
conclude by discussing how our findings can contribute to understanding how information related to 
conservation interventions may spread socially.

3. Materials and Methods
Study system
During our survey period of 1 July – 30 September 2017, San Jose, Lambayeque, Peru (6°46' S, 79°58' W) was 
home to 168 small-scale commercial gillnet skippers that fish throughout the year. We surveyed 165 fishers 
representing 98.2% of the gillnet skippers at the site (Fig. S2b, Table S1). Gillnet skippers in San Jose are 
known to capture sea turtles in high numbers [16, 40, 45]. Green turtles (Chelonia mydas) are captured most 
frequently, followed by olive ridley turtles (Lepidochelys olivacea), and leatherback turtles (Dermochelys coriacea) 
[42]. At the time of the study, five gillnet skippers and their crew were involved in a trial community co-
management bycatch reduction scheme operating from San Jose that requires fishers to use light-emitting 
diodes on their nets to reduce sea turtle bycatch [43].  Skippers were deemed active if they fished from the San 
Jose port with gillnets in the winter of 1 July – 30 September 2017. The network was surveyed during winter as 
skippers actively fishing during these months are established fishers in the San Jose community throughout 
the year. We define gillnets as encompassing surface drift gillnets and fixed bottom gillnets in single or 
trammel net configurations. The total San Jose gillnet skipper population (n=168) was determined using a 
combination of membership lists of the two main fishing groups in San Jose, lists of boats towed in and out of 
the water with tractors, and key informant interviews (Supplementary Information). 

Data collection
Detailed social network data was collected using a structured questionnaire with a fixed choice survey design. 
Respondents were asked to consider up to ten individuals with whom they exchange useful information about 
fishing and whom they considered valuable to their fishing success. We classified nine fine-scale information-
sharing types about which we expect gillnet skippers to exchange fishing related information (Table 1). As 
each nominee was given by the respondents, they were asked to highlight which fishing information type they 
discussed with each nominee. For each fishing information type, respondents were asked to consider 
relationships that they have had with other skippers, vessel owners, crew members, other fishery leaders, 
fishery management officials, members of the scientific community, boat launching/landing support, fish 
sellers/market operators, family members, and any other stakeholders they fished or shared information with 
about fishing. Respondents were not asked who they receive information from. Interviews were undertaken 
verbally and respondents were not shown the questionnaire where responses were written (Supplementary 
Information). Questionnaires were trialed with fishers (n=8) in the Santa Rosa fishing community 17 km down 
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the coast from San Jose (Fig. 2a). Pilot study data were not included in this study’s analysis. Fishers were 
interviewed in their native language (Spanish). 

Statistics and Reproducibility
Social network construction
A social network was created for each fishing information type (Table 1). In each network, the nodes were the 
fishers, and the binary directed edges were the nominations by one fisher (sender) of another fisher (receiver) 
for this information type. All analysis was carried out in R [46] using the igraph package [47] for visualising 
and processing the analysis and carrying out the network comparisons using the null models.

Structural differences across information-sharing networks
To investigate whether networks of information-sharing between individuals were similar across different 
information types, we examined the networks' structural properties in terms of their degree assortativity and 
the variance and mean of individual centrality (Table 2). To account for the effect of basic characteristics of the 
networks (e.g., number of ties, degree distributions) we compared these observed summary statistics to null 
models, which allowed inference of structural differences and similarities over and above that expected from 
these simple differences using null models (Fig. 1).  

Network null models (routines that generate different types of null datasets against which the observed 
dataset can be compared) are a group of statistical models commonly applied in network analysis. 
Specifically, null models are especially useful when investigating hypotheses in datasets, control groups are 
difficult to establish, exogenous treatments are unavailable, and observations may be missing or biased [48-
50]. As such, null model methods are important because network data is comprised of non-independent 
observations of multiple individuals, and small variations in how data are collected between respondents can 
easily generate patterns that appear as social structure [50, 51]. Null models have been applied to network 
data in sociology since the 1970s [48] and discipline-specific developments have subsequently been made to 
statistical models such as exponential random graph models [52, 53], conditional uniform graph tests [54-56] 
and quadratic assignment procedure tests [57-59]. Since the mid-1990s, the field of ecology has also made 
extensive use of null models to develop specialised hypothesis testing routines and treat underlying 
uncertainty or data collection methodology biases when interrogating non-human animal network data [60-
62]. Here we expand the application of the permutation-based null model approach routinely used in ecology 
to human social networks, which have also been applied in the field of epidemiology for assessing human 
contact tracing disease control measures [63]. 

Degree assortativity
The degree assortativity (or homophily) coefficient measures the extent to which central fishers are connected 
to other central fishers, and peripheral fishers are connected to other peripheral fishers based on a particular 
trait [64, 65]. The level of degree assortativity in a network is known to have important social implications for 
the operation and emergence of competition and cooperation (e.g., small-scale fishers working with the same 
gear type will form social relationships involving information exchange [30, 66]). Positive values demonstrate 
degree assortativity, whereby a score of 1 would indicate that the network is assorted by individuals’ degree 
to the maximum extent, and negative values represent disassortment (i.e., central individuals more likely to be 
associated with peripheral individuals). When fishers of similar centrality are randomly distributed in a 
community (i.e., disassorted), those networks do not always score -1 due to the minimum value depending on 
the number of fishers and the relative number of ties within each group [64]. For each of the information-
sharing networks, we first calculated the assortativity by in-degree (the number of nominations each 
interviewed fisher received). Degree assortativity is the primary assortativity measure of interest as in-degree 
provides the measure of which fishers provide information to others. However, as fishers differed in the 
number of nominations they made for each information-sharing type, we also calculated the assortativity by 
out-degree (the number of nominations each fisher made) to examine whether fishers were also 
disproportionately connected to others who make a similar number of nominations as themselves. As social 
networks often show assortativity by degree, we predicted that all the information sharing networks would be 
positively homophilous by nominations made and nominations received (i.e., highly nominating and 
nominated fishers would be closely associated with highly nominating and nominated fishers, whilst 
peripheral fishers would be more likely to be connected).
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Eccentricity
We aimed to consider node-level properties that depend on the structure of the social network (Table 2). For 
this purpose, we used node eccentricity (igraph package [47]) that measures how far a fisher is from the 
furthest other in the network [67].  Although this metric describes a fisher’s position within the fishing 
community, the range of potential values it can take is not overly affected by permutations of the network 
structure in comparison to other more vulnerable metrics (e.g., betweenness, clustering coefficient) which are 
innately dependent on multiple aspects of the set structure of the network and are intuitively expected to 
differ largely from permutations by default. Finally, this metric is also relatively fast to compute; this is 
particularly useful when calculating it for many iterations of null networks. As such, we computed the 
variation in eccentricity in ‘received nominations’ (in-eccentricity) for each of the information sharing 
networks. 

Null models for structural differences
Drawing comparisons of network structure, correlations, and fisher positions across different networks 
requires particular consideration because the general structure of the network (such as the number of ties or 
degree distributions) has a large effect on the observed values obtained from standard summary statistics. 
This structure can be taken into consideration by comparing networks to null permutations (controlled 
randomisations) of themselves and recalculating the same summary statistics on the null networks. Through 
comparing the observed values of the summary statistics to the distribution of those statistics generated from 
the null networks, insight can be gained into the actual differences between observed networks across other 
networks, over and above what is expected from simple properties such as the number of ties. 

When calculating summary statistics (in-/out-degree assortativity, eccentricity) of each of the information-
sharing networks, we also compared these to the values generated from permuting each of the networks 
separately. Specifically, we carried out edge permutations. The first edge permutation simply allowed the 
randomisation of all incoming ties, while maintaining the number of nominations (outgoing ties) each 
individual made within this information-sharing network (termed edge null model 1 - Fig. 1a). The second 
edge permutation was a more conservative version of this, allowing swaps of ties (which individuals 
nominated which other individuals in this information-sharing network) but maintaining the number of 
nominations each individual made in this information-sharing network (termed edge null model 2- Fig. 1b). 
Separately, for each of the information-sharing networks, 1000 permuted networks (of both of these 
permutation types) were generated and the distribution of the summary statistics were calculated for them. 

Cross-network correlations
To reveal the extent to which the sea turtle bycatch information-sharing network can be correlated with the 
other networks evaluated, we examined the dyadic similarity between the different information-sharing 
networks. We used cross-network null models to compare the expected correlation between each network and 
subsequently determined how the observed correlation between each network was driven by fine-scale 
structure over-and-above that expected from the system's general social structure. While various metrics are 
available for considering similarities between networks [68, 69], we chose to examine the relationship between 
each network of dyadic information-sharing nominations by calculating the correlation between the dyadic 
nominations on the network matrices. This approach is somewhat analogous to the Mantel test [70] (that tests 
the correlation between two matrices), yet as the networks were directed (and non-symmetrical), this was 
applied to the entire matrix rather than the lower triangle part (but excluding the diagonals because ‘self-
nominations’ were not possible). The calculated correlation statistic represented the similarity/dissimilarity in 
the directed dyadic nominations amongst networks (who nominates whom), and these were compared to the 
distribution of the correlation statistic generated from the null models. To infer the extent to which networks 
are more, or less, similar than expected under the general dyadic social structure, we carried out a cross-
network null model: For each dyadic nomination across any of the networks, we randomised the networks 
that these nominations were made within (termed ‘cross-network null model 1’ – Fig. 1c). As an even more 
conservative version of a cross-network null model, we created a new version of these permutations and 
controlled for the number of nominations that took place overall within each network (termed cross-network 
null model 2 – Fig. 1d; Fig. S7, S8). 
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4. Results
We constructed nine full fishing information-sharing networks. Of the 165 skippers surveyed, 151 nominated 
at least one gillnet skipper from the site as a key contact they talk to about fishing success, while 116 fishers 
from the site were nominated at least once by other fishers surveyed. The networks resulted in a total of 427 
fisher-to-fisher nominations (i.e., ties between the 165 skippers interviewed) for one network or more (Table 
S1). On average, fishers had 2.8 fisher-to-fisher contacts with whom they had formed communication ties 
specific to fishing. Information-sharing networks per nomination averaged 7.7 (range 1-9). Fishers received on 
average 3.7 ties (range 1–15) for one or more information-sharing network. Across the nine information-
sharing networks evaluated (Table 1), sea turtle bycatch was discussed by fishers the least (61.6% of possible 
fisher-fisher ties). In contrast, fishing location and fishing activity were discussed by fishers most frequently 
(both in 97.9% of the possible fisher-to-fisher ties; Table S1). 

Structural differences between information-sharing networks
We separately assessed degree assortativity (homophily) and node eccentricity of the sea turtle bycatch 
information-sharing networks and each of the other networks of information sharing related to fishing (Table 
2). Across these networks, we compared how the observed statistics differed from edge-permutated versions 
of themselves. We considered the observed statistic to be significantly different from that expected under the 
null models when it fell outside the 95% range of the distribution of the statistics generated by the 
permutations (i.e., equivalent to significantly different at p<0.05 level in a two-tailed test).  

Degree assortativity
For each fishing information type, we evaluated degree assortativity (the propensity for a fisher to be 
connected to others who are similarly (dis-)connected; referred to as degree homophily in the social sciences), 
as this is a primary structural component of the network [64, 71] (Table 2). We found that networks of sea 
turtle bycatch information-sharing nominations show no significant degree assortativity in comparison to the 
edge permutation null models (Observed stat: 0.038, edge null model 1: mean ± SD = -0.005 ± 0.059; p = 0.512, 
edge null model 2: mean ± SD = -0.011 ± 0.059; p = 0.39). As such, there was no evidence for a non-random 
tendency for highly nominated fishers to be disproportionately connected to other highly nominated fishers, 
nor for rarely nominated fishers to be disproportionately connected to other rarely nominated fishers. The sea 
turtle bycatch information-sharing network differed markedly in this regard from all of the other information-
sharing networks’ (Fig. 2c), all of which had significantly higher degree assortativity scores than expected 
from edge permutation null model 1. In addition, all the other information-sharing networks had significantly 
higher degree assortativity scores than expected from edge permutation null model 2 apart from the ‘weather’ 
and ‘technology’ networks, which fell outside the top 5% of the null network degree assortativity coefficients 
but were not significantly different in the two-tailed test (edge permutation model 2 two-tailed p=0.06) (Fig. 
2d). 

Eccentricity
We found that sharing of information regarding sea turtle bycatch had a significantly lower variance in node 
eccentricity than expected under the null models controlling for simple properties such as the number of 
nominations and degree distributions (Observed stat: 14.71, edge null model 1: mean ± SD = 41 ± 13.5; p<0.01, 
edge null model 2: mean ± SD = 22.66 ± 5.335; p<0.05). Importantly, sea turtle bycatch information sharing was 
again unique in this sense (Fig. 2d), as none of the other information-sharing networks were significantly 
lower than expected under null permutations of themselves (Table S2). Six of the eight other networks showed 
significantly higher variance in node eccentricity than expected from a null model of their structure, which 
illustrates a particularly stark contrast from the sea turtle bycatch information-sharing network. These results 
demonstrate less variation in individuals' centralities across the gillnet skippers than expected in terms of sea 
turtle bycatch information sharing. In other words, gillnet skippers are more similar in how they share 
information about sea turtle bycatch with one another than expected, while this is not true for any other 
networks of information sharing. This conclusion also held when considering other measures of centrality. For 
supplementary information, we examined the variance in betweenness (as an alternative measure of 
centrality; Fig. S3) and mean eccentricity for each network’s fishers (rather than the variance; Fig. S4). We also 
investigated the observed variance in node eccentricity in comparison to the null distributions (generated 
from the cross-network permutations; Fig. S5) and the observed mean node eccentricity in comparison to the 
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null distributions (Fig. S6). The findings demonstrated that the sea turtle bycatch information-sharing network 
generally held some structural dissimilarities to all other fishing information-sharing networks assessed. 

Cross-network correlations of dyadic ties
Gillnet skippers in our survey were asked to nominate individuals that they exchange useful information with 
about fishing and that they considered valuable to their fishing success. Respondents were then asked which 
type of fishing information they talk to each nominated individual about (Table 1). Given this system, we 
hypothesised that information-sharing networks across the assessed information types would be correlated 
with one another, assuming that pairs of skippers (dyads) who share information within a specific network 
would be more likely to share information in another network. As such, we expected all the other networks to 
significantly predict information-sharing within the network of particular interest (sea turtle bycatch 
information). Indeed, the sea turtle bycatch information-sharing network significantly correlated with all other 
networks (unfolded corr; r= >0.7; standard p<0.01). We also tested this observed correlation against that 
expected under the general social structure (cross-network null model 1 - who gains information from whom 
overall; Fig. 1c) as well as controlling for the probability of nomination within each network (cross-network 
null model 2; Fig. 1d). Under these null models, we found that the dyadic directed links within the sea turtle 
bycatch information-sharing network were significantly more correlated with four information sharing 
networks (regarding gear, locations, technology, and regulations – see Table 1) than expected under the 
general social structure (Fig. 3). Although the sea turtle bycatch information-sharing network held the highest 
raw correlation with networks of information regarding fishing locations (unfolded corr; r = 0.78), the largest 
difference between the correlation expected under the null models and the observed correlation was with 
information sharing regarding fishing regulations (unfolded corr; r = 0.78; mean expected corr cross-network 
null model 1 r= 0.65, mean expected corr cross-network null model 2 r= 0.65), suggesting that the fishing 
regulations network was particularly predictive of sea turtle bycatch information links given the underlying 
social structure of the system. 

5. Discussion
By combining a fine-scale survey of a small-scale fishing community with a network null model approach that 
incorporates a pre-network data permutation procedure, we show that information-sharing networks about 
an issue of conservation concern (sea turtle bycatch) are structurally dissimilar from other closely related 
information-sharing networks that relate to fishing (Fig. 2), more so than expected by simple differences in an 
individual’s degree (how many people they are connected to). We also demonstrate that specific fishing 
information-sharing networks can still be predictive of how information about sea turtle bycatch is shared 
between fishers, even more so than expected under the nomination structure of who nominated whom (Fig. 
3). 

Structural differences between information-sharing networks
We found that the sea turtle bycatch network did not show any degree assortativity (i.e., homophily - gillnet 
skippers talking to other gillnet skippers with a similar number of connections) despite the positive degree 
assortativity patterns across all other fishing information-sharing networks (Fig. 2c and Table S1). This finding 
indicates that the usual mechanisms that drive information sharing between gillnet skippers in the other 
fishing information-sharing types assessed (and potentially social networks generally) are not at play in the 
sea turtle bycatch information-sharing network [64, 71]. The lack of discussion about sea turtle bycatch 
between gillnet skippers with similar levels of bycatch may potentially occur if some gillnet skippers with 
higher rates of sea turtle bycatch do not realise or appreciate that they have higher bycatch than other gillnet 
skippers in the community. Indeed, previous research and field observations from the study site have 
suggested that fishers with higher bycatch rates tend not to put much effort into actively avoiding sea turtles 
captures unless they are specifically incentivised to do so (i.e., through the local not-for-profit’s trial bycatch 
reduction initiative) [42]. Moreover, the possibility remains that fishers may take sea turtle bycatch and not 
discuss it with other fishers at all. Yet it may be precisely these types of fishers whose behaviour would be the 
ideal target for a sea turtle bycatch reduction intervention. Six out of 165 fishers surveyed in our study did not 
discuss sea turtle bycatch with any other fishers (Fig. 2b), however, all these fishers reported never catching 
sea turtles through direct questioning. To improve how information about the sea turtle bycatch reduction 
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intervention is shared between fishers, managers could incorporate an educational discussion with fishers on 
the local variations in sea turtle bycatch rates prior to undertaking their planned expansion of the bycatch 
reduction strategy on trial.  

We also found that the sea turtle bycatch information-sharing network has less variance in node centrality 
than expected, i.e., a more uniform individual-level network structure (Fig. 2d and Table 2). The low variance 
in node eccentricity indicates that the sea turtle bycatch network has a more homogenous network structure 
than the other networks (and many observed social networks, where high variability in node centrality is 
common and can result in highly nominated fishers forming [72, 73]). This finding indicates that information 
about sea turtle bycatch will have less variation in the rate of diffusion throughout the San Jose skipper 
community, regardless of which skipper first started talking to other skippers in the community about the 
capture, compared to information-sharing in a network with higher variance in node eccentricity (e.g., the 
weather, fishing locations, fishing activity, and finance). 

As an addition to the above points, we found less variance in node centrality (Fig. 2d) and less variance in 
mean eccentricity (Fig. S4) in the sea turtle bycatch information-sharing network when comparing to the cross-
network null models (Fig. S5, S6). This lower variance shows that the variance and mean eccentricity is lower 
than expected, not just in comparison to the edge null models, but also lower than expected given the 
underlying social structure of who is connected to whom. This lower variance found when comparing the 
cross-network null models reinforces the hypothesis that the network's fine-scale structure (beyond who talks 
to whom) is contributing to these patterns. For example, certain personality traits that gillnet skippers hold, 
such as whether they would be willing to work with a local not-for-profit organisation to implement sea turtle 
bycatch reduction strategies on their boats in future, may be contributing to skipper centrality within the 
network. This finding demonstrates a particularly interesting use of comparing results across various null 
models that randomise different processes. 

The underlying assumption that a sea turtle bycatch information-sharing network might be a better target for 
transmitting information about the sea turtle bycatch reduction intervention’s existence and aims over other 
types of specific fishing information (e.g., fishing location, vessel technology and maintenance) or a more 
general ‘fishing’ information-sharing network warrants further investigation. A central consideration is the 
desired goal underpinning the transmission of information about the sea turtle bycatch reduction 
intervention’s existence and aims. There is a rapidly growing body of evidence that suggests information 
frequently spreads as ‘simple contagions’, and behaviours spread as ‘complex contagions’ [25, 74-77]. The 
complexity of the contagion holds significant ramifications for the modes and extent of transmission [78]. If 
resource managers working in this study’s fishing system would like to understand the mode and extent of 
information spread about the sea turtle bycatch reduction intervention’s existence and aims across the sea 
turtle bycatch information-sharing network, then simulating simple contagion where transmission occurs 
between individuals that are socially connected to one another could inform them of the expected rate and 
extent of transmission that messages relevant to their intervention might have across this network. Simple 
contagion modelling could also be compared across other specific fishing information sharing types that 
might be associated to the intervention (e.g., fishing finances, vessel technology and maintenance) and the 
more general ‘fishing’ network to better understand how specific information types, or combinations of, affect 
the mode and extent of transmission of messages relevant to the intervention in question. However, if 
resource managers were interested in understanding the mode and extent of adoption of the sea turtle bycatch 
intervention in the community, simulating complex contagion that involves some ‘complexity’ beyond the 
raw number of social ties to informed individuals would be a more informative strategy [25]. For example, for 
fishers to change their fishing practices they may require social reinforcement via multiple trusted contacts 
[25, 79].

Cross-network correlations of dyadic links
Understanding correlations between networks allows for assessing fisher-to-fisher (dyadic link) information-
sharing differences between multiple networks. The similarity identified between the fine-scale structure of 
the information-sharing networks assessed demonstrates that relying on simple network measures without 
the use of the null model comparisons could potentially result in an improper assessment of network 
structure. Moreover, insight into these differences helps identify social contexts suited to conservation 
interventions, and more broadly, offers insight into the generalisability of network research [80]. 

Page 25 of 36

https://mc.manuscriptcentral.com/rsos

Royal Society Open Science: For review only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Reviewer
Highlight
 like this sentence. I think you explain the assumption here much better than in the intro. is much clearer here.



R. Soc. open sci. article
9

R. Soc. open sci.

We demonstrate that across all the networks assessed, the fine-scale structures of the fisher’s information-
sharing networks are more similar than otherwise expected based on the number of links or even who is 
linked to whom. While this similarity assures that in the current study’s gillnet skipper network, knowledge 
about a social network based on general information spread should be transferable into understanding how 
novel information spreads. We also show the networks that are most closely related to the specific network of 
conservation interest, offering a greater understanding of how information flows relevant to the broader topic 
of information-sharing about fishing are structured and relate to one another (Fig. 3). 

Our results indicate that the fishing regulations network, followed by the vessel technology and maintenance, 
gillnet type and maintenance, and fishing location networks, are more correlated with the sea turtle bycatch 
network structure than expected under the cross-network null models (Fig. 3). This finding gives insight into 
how fishers perceive information relating to sea turtle bycatch. For example, the correlation between sea turtle 
bycatch and the fishing regulation network could be because fishers perceive sea turtle bycatch as something 
they must abide by, similar to fishing regulations (related to the business and governance of fishing; Table 1). 
This correlation is supported by a supplementary structural analysis that shows that the sea turtle bycatch and 
regulation networks are structurally dissimilar concerning node variance to all other information sharing (Fig. 
S3, S9, S10). Moreover, the correlations identified between sea turtle bycatch and the topics of vessel 
technology and maintenance, fishing gear, and fishing location indicate a perception of sea turtle bycatch as 
part of the process of fishing (Table 1). While these results begin to provide a more in-depth insight into how 
sea turtle bycatch information-sharing relates to other type of fishing information and how this information is 
perceived by fishers, further exploration is needed to determine the process underlying the structural 
differences identified.

6. Conclusion
We quantified the underlying structure of a small-scale fishery social system across nine information-sharing 
networks relating to fishing. Our study demonstrates how networks of information-sharing regarding a 
conservation-relevant topic (sea turtle bycatch) are structurally dissimilar from other types of fishing 
information-sharing, and the extent to which fisher-fisher (dyadic) ties can be correlated with other 
information-sharing networks. The lack of degree assortativity (homophily) identified among fishers sharing 
sea turtle bycatch information may suggest that a rapid diffusion of information about the planned 
intervention could be less likely as highly nominated fishers may often not discuss sea turtle bycatch with 
other highly nominated fishers. The low variance in node centrality identified within the same network may 
suggest that resource managers for instance could place less emphasis on which fishers they choose to start 
seeding information with about the intervention, as individuals have similar connectivity anyway. Finally, 
resource managers could also consider using the data comparing fishing information types to gain insight into 
these fisher’s perception of sea turtle bycatch to inform engagement processes as part of the implementation of 
behaviour change interventions. Our results also show how social network approaches can be useful for 
identification of the extent of structural differences between networks and provides information about which 
other networks are best correlated with the conservation-relevant information sharing. Together these 
findings contribute understanding to how fine-scale differences in information shared between resource users 
can influence network structure and what implications this might have for conservation interventions. 
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1 Tables
2
3 Table 1. Information-sharing networks that relate to fishing.

Full name Short name Description Broad categorisation
Sea turtle bycatch T.Bycatch Sea turtle bycatch encounters 

including live releases and 
mortalities in nets.

Process of fishing, 
Business and governance 
of fishing

Gillnet type & 
maintenance

Gear Changes made to net 
configuration (shifting rigging 
configurations from surface drift 
net to mid-water drift net or 
bottom-set net), and net 
maintenance. 

Weather 
conditions

Weather Ocean and weather conditions 
(e.g., wind, swell).

Fish location & 
catch sites

Location Where fish might be located and 
where they have been travelling 
to fish.

Fishing activity Activity How many people fishing, who 
is fishing, who caught what.

Vessel technology 
& maintenance 

Tech Existing and new technologies 
used onboard the vessel (e.g., 
echo sounder, compass) and 
vessel maintenance (e.g., hull 
repairs, painting).

Process of fishing

Fishing 
regulations

Regs Fishery policy and legislation. 

Fishing finances Finance Market prices, loans, fines, 
penalties.

Crew 
management

 Crew The hiring and instructing of 
crew onboard the vessel.

Business and governance 
of fishing

5
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6 Table 2. Network metrics used to assess information-sharing network structure. Fishers (circles) and ties (arrows) outline the represented metric in the 
7 network. Red circles and arrows highlight the relevant structure of the network each metric measures. Black and white circles and black arrows highlight 
8 structures of the network that are not relevant to the metric measure in question. 
9

Metric Network structure Definition Theoretical use in conservation-
relevant systems

Example 

Degree 
assortativity 
(homophily)

A preference for 
individuals to attach to 
others that are similar in 
some way (e.g., high-
degree) [64]

Identifies individuals and pathways 
of individuals that could facilitate 
widespread diffusion of information 
about conservation initiatives in a 
community of conservation interest.

The authors use simulations of individual association 
patterns of animals to assess how variation in simple social 
association rules between individuals can determine their 
positions within emerging social networks. The results 
show that simple differences in group size cause positive 
assortativity and that metrics of individuals’ indirect links 
can be more strongly related to underlying simple social 
differences than metrics of their dyadic links[81].

Node eccentricity The furthest network 
distance between an 
individual and all other 
individuals in the 
network [67]. The 
equivalent to the inverse 
of some definitions of 
‘node closeness’

Can inform whether or not 
information relevant to a 
conservation initiative is shared in an 
even or clustered manner throughout 
a community on interest. This can 
inform how social norms and 
personal beliefs might affect 
information flow, which in turn can 
allow for conservation practitioners 
to tailor interventions to particular 
perspectives about a harmful activity 
(e.g., bycatch).

Using social network analysis and several centrality 
measures including ‘node closeness’ (also equivalent to 
the inverse of some definitions of ‘node eccentricity’) the 
authors assess the structural nature and expanse of climate-
based communication between professionals across sectors 
in the Pacific Islands region. Their results show a 
simultaneously diffuse and strongly connected network, 
with no isolated spatial or sectoral groups. The most 
central network members were shown to be those with a 
strong networking component to their professions [82].
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11 Figures
12

13
14
15 Figure 1. Schematic representation of edge-based permutation models with directed
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16
17 Figure 2. Structure of information-sharing in relation to sea turtle bycatch
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18

19
20
21 Figure 3. The observed correlation (and the correlations expected under the null models) between the sea 
22 turtle bycatch information-sharing network with all the other information networks.
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23 Figure and table captions
24
25 Figure 1. Schematic representation of edge-based permutation models with directed network data. 
26 Four main null model steps include (i) creating a social network from the observed data, (ii) calculating a 
27 test statistic, for example, a network-level metric like degree assortativity (high-degree fishers that are 
28 coloured red primarily connect to other high-degree fishers), (iii) randomising the observation data 
29 (typically with 1000 permutations), and (iv) recording the distribution of possible test statistics. 
30 Conclusions can then by drawn by comparing the observed test statistics to the distribution test statistics, 
31 and the P-value calculated. Throughout the edge permutations, the fisher positions remain the same, but 
32 the configuration of edges between fishers change based on select criteria. The four null model examples 
33 shown are all used in this paper’s analysis. (A) Outgoing edge permutation allows the randomisation of 
34 all incoming links, whilst maintaining the number of nominations (outgoing links) each individual made, 
35 (B) edge permutation only allows the swap of links, by maintaining the number of nominees (incoming 
36 links) and nominations (outgoing links) each individual made in this information-sharing network. (C) 
37 Network swap permutation maintains each dyadic nomination, but randomises the networks that these 
38 nominations were made in (i.e., when individual X nominated individual Y for information sharing 
39 within three different information-sharing networks (represented by different coloured arrows), the 
40 cross-network permutation allows these three nominations to be reassigned to any of the nine possible 
41 networks), and (D) conservative network swap permutation maintains each dyadic nomination, but 
42 randomises the networks that these nominations were made in, while also controlling for the number of 
43 nominations that took place overall within each network (i.e., when individual X nominated individual Y 
44 for information sharing within three different information-sharing networks, these three nominations 
45 were reassigned amongst the networks in a way that was equal to the number of nominations in each 
46 network).
47
48 Figure 2. Structure of information-sharing in relation to sea turtle bycatch. (A) A map of the study site, 
49 San Jose, Lambayeque, Peru (6°46' S 79°58' W) and the surrounding coastline. (B) Illustrative network of 
50 the structure of information-sharing in relation to sea turtle bycatch. The nodes show each of the fishers 
51 surveyed and the adjoining lines show which fisher pairs (dyads) shared information in at least one 
52 information-sharing network, and nominations within the sea turtle bycatch network is highlighted as a 
53 directed red arrow here (arrow points to the one that was nominated). Node size and shading shows the 
54 number of nominations each fisher received for sea turtle bycatch information (largest and darkest red = 
55 most nominations, small and grey = no nominations). Layout was set as a spring layout of edges across 
56 any network (to minimise overlap) and then expanded into a circular setting. See Fig. S1 for illustrative 
57 comparisons of each fishing information type. (C) The observed in-degree assortativity (homophily) in 
58 comparison to the null distributions for the different information-sharing networks, and (D) the observed 
59 variance in the node eccentricity in comparison to the null distributions for the different information-
60 sharing networks. Horizontal lines show the observed values from the actual networks (red = observed 
61 values are above the permutations, black = observed values are within the range of the permutations, 
62 purple = observed values are below the permutations). Polygon distributions show those generated by 
63 permutations (dark green = outgoing edge permutation that maintains the no. of nominations each fisher 
64 makes, light green = edge permutation that maintains the no. of nominations each fisher makes and also 
65 the number of times each individual was nominated). Due to differences in network factors, direct 
66 comparisons between the observed values are not informative. For details on each type of fishing 
67 information assessed refer to Table 1.
68
69 Figure 3. The observed correlation (and the correlations expected under the null models) between the 
70 sea turtle bycatch information-sharing network with all the other information networks. Horizontal 
71 lines show the observed values from the actual networks (red = observed values are above the 
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72 permutations, black = observed values are within the range of the permutations). Polygon distributions 
73 show those generated by permutations (dark blue = network swap that maintains the no. of nominations 
74 each individual makes and also the number of times each individual was nominated, but swaps the 
75 network these were made within whilst maintain the number of times each network was nominated as 
76 overall, light blue = conservative network swap that is the same as dark blue, but also maintains the 
77 number of networks each dyad nominated each other for – but changes those networks (same as a gbi 
78 permutation but on the dyad-by-network edges). Comparison between networks can be made by 
79 comparing the distance between the observed values from the actual networks (horizontal lines) and their 
80 associated permutation distribution (polygon) to the distance between the observed and associated 
81 permutation for each network. Due to differences in network factors, direct comparisons between the 
82 observed values are not informative. For details on each type of fishing information assessed refer to 
83 Table 1.
84
85 Table 1. Information-sharing networks that relate to fishing.
86
87 Table 2. Network metrics used to assess information-sharing network structure. Fishers (circles) and ties 
88 (arrows) outline the represented metric in the network. Red circles and arrows highlight the relevant 
89 structure of the network each metric measures. Black and white circles and black arrows highlight 
90 structures of the network that are not relevant to the metric measure in question.
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Associate Editor Comments to Author: 

The two reviewers have offered a range of comments that you should address in this 
revision. While one of the reviewers expresses concerns regarding the utility/value of 
the approaches adopted, if you can persuade the editors and reviewers that your paper 
has archival value here (rather than perhaps being a paradigm-shifting approach), the 
journal would be able to accept it for publication: we do not require ground-breaking 
novelty, but there should be some purpose to the work if it is to be published as 
archivally useful. Good luck with the revisions, and we'll look forward to receiving these 
in due course. All best. 

Author response 

We thank the Associate Editor for the opportunity to resubmit our manuscript. We have 
addressed both reviewers’ comments in detail below and provide responses to their 
questions in grey below.  

We believe that our approach is, as the Reviewer 1 highlights, useful as a coarse 
grained assessment of whether certain network metrics are more or less expected than 
by chance. Furthermore, while we do not believe the research presented in this 
manuscript has ground-breaking novelty in our application of our specific permutation 
methodology, we do note that we expand on the application of these specific 
permutation analyses beyond the original field of application, which has benefit in 
demonstrating the flexibility and applicability of the analytical method in question to 
other areas of research. 

Furthermore, we believe there is utility in the results presented and that this manuscript 
has both theoretical and applied contributions that are valid using our applied 
methodology. We now highlight in the introduction that the comparison of network 
structures allowed us to explore whether it would be possible to design an effective (if 
sub-optimal) bycatch intervention by identifying and targeting influential individuals in a 
network sharing information on other related topics. On the applied side, this is a 
pertinent question because information-sharing about sea turtle bycatch might be 
sensitive and therefore hard to quantify, or it may be that the information-sharing 
networks for other topics are already known so the cost of describing a sea turtle 
bycatch-relevant network would not need to be incurred. It is also interesting more 
generally to explore how the networks for sharing different types of fisheries information 
resemble each other, as this may give insights into how different kinds of information 
are perceived. Theoretically, as we highlight in our comments to reviewer’s below, we 
believe this study is a timely word of warning as social network analysis is more widely 
applied in conservation science and natural resource management (Groce et al. 2019). 
We have seen more than one high-quality study in the conservation science literature 
that has mapped general ‘fishing information’ networks and then drawn more specific 
conclusions for conservation outcomes from that data. For example, in an exemplar and 
important study (Barnes et al. 2016), it was intuitively assumed that information shared 
between fishers about fishing would be predictive of a finer-scale yet closely related 
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environmental outcome – shark bycatch. Similarly, in a contemporary study (Mbaru & 
Barnes 2017) investigating how ‘key players’ were positioned implementing broad 
conservation objectives, the social networks were based on similar information-sharing 
data mapping whom respondents fished with or exchange information about fishing. 
Therefore, conservation science researchers and practitioners should carefully consider 
how the topic of information mapped to a network relates to the desired conservation 
intervention when predicting environmental outcomes. 
 
 
Reviewer comments to Author: 
 
Reviewer: 1 
 
Comments to the Author(s) 
 
The author have replied to my previous queries.  
 
We thank the Reviewer for their review and especially for taking the time to review our 
manuscript for a second time.  
 
I still have serious doubts on assessing similarity of networks via the Mantell Test, I 
think that the use of graphlets as described n Przujl 2007 and Tantardini et al. 2019 
would be a better approach. Except this, I also think that the permutation exercise is 
interesting but lacks the nuances of more "constraining" null models that maintain, for 
example, the number of triangles in the network. Still it can work as a coarse grained 
assessment of whether certain network metrics are more or less expected than by 
chance. 
 
We agree with the Reviewer that use of graphlets for comparing networks could provide 
a finer-scale understanding of network differences than the permutation approach we 
have employed in the current study. However, we believe that our approach is, as the 
Reviewer highlights, useful as a coarse grained assessment of whether certain network 
metrics are more or less expected than by chance.   
 
I have no other comments, but two minor points that relate to language: 
 
Both on page 21 (out of 36) 
 
Lines: 47- 48: i think the authors need to be more clear. In fact, randomness should be 
represented by an assortativity coefficient of 0. Disassortative networks are the ones in 
which high degree nodes tend to connect to low degree nodes... and assortative 
networks the ones in which high degree nodes tend to connect to other high degree 
nodes. 
 
We have clarified this section of text, which now reads: 
 



“A degree assortativity coefficient of zero represents randomness. Positive values 
demonstrate degree assortativity in which high degree nodes tend to connect to other 
high degree nodes, whereby a score of 1 would indicate that the network is assorted by 
individuals’ degree to the maximum extent. Negative values represent disassortment 
(i.e., high degree individuals are more likely to be associated with low degree 
individuals). When fishers of similar centrality are disassorted in a community, those 
networks do not always score -1 because the minimum value depends on the number of 
fishers and the relative number of ties within each group (Newman 2003).”  
 
Line 60: something is missing here... i think it should read: peripheral fishers would be 
more likely to be connected to other peripheral fishers. 
 
We have corrected this error. “… to other peripheral fishers” was missing from the end 
of the sentence.  
 
Once again, we thank the Reviewer for their constructive critique of our study and for 
taking the time to review our manuscript for a second time at RSOS.  
 
 
Reviewer: 2 
 
Comments to the Author(s) 
 
This manuscript assesses the information-sharing network in a small-scale fishery. The 
authors build different information-sharing networks based on the type of information 
that is shared by fishers (turtle bycatch, where to fish, regulation, etc.), and compare 
their structure using permutation-based null models and two key metrics: degree 
assortativity and node eccentricity. The authors use their results to highlight how 
differences in the structure of how different types of information that is shared between 
fishers, have implications for the diffusion of conservation interventions. The article is 
well written and succinct and the topic would be of interest to this journal’s audience.  
 
We thank the Reviewer for their thorough and informative review, which has supported 
us in a clearer and more robust presentation of our research.  
 
There are two main concerns I have with this paper. The first concern is that it is not 
clear why the measures selected (degree assortativity and node eccentricity) are 
appropriate to address the research question in the particular context. They cite a 
couple of studies of small scale fisheries to support their claim that degree assortativity 
is “known to have important social implications for the operation and emergence of 
competition and cooperation”, but these two studies actually assess homophily based 
on actor attribute (e.g. gear type used), which is very different to the type of homophily 
effect captured by degree assortativeity (which is based on the centrality of the actor).  
 
Thanks for highlighting the incongruence between the statement in text and the cited 
literature. We have removed the two papers previously cited (Alexander et al. 2018 and 



Crona and Bodin 2006) and we have clarified our justification for using degree 
assortativity and node eccentricity as our primary measures of network structure in the 
text.  
 
The relevant text added for degree assortativity includes the following paragraph in the 
methods section: 
 
“The assortativity coefficient (akin to homophily (McPherson et al. 2001)) measures the 
extent to which central fishers are connected to other central fishers, and peripheral 
fishers are connected to other peripheral fishers based on a particular trait (Newman 
2002; Newman 2003; Newman & Park 2003). The level of degree assortativity in a 
network is known to have important social implications for information transfer, and for 
the operation and emergence of competition and cooperation (McPherson et al. 2001; 
Newman 2003). Degree assortativity can, for example, influence the potential for a 
social contagion to spread, given its starting point (Centola 2011, 2018). To inform the 
planned expansion of the sea turtle bycatch reduction initiative in our study system, we 
were interested in understanding the general structure of multiple subtopics of fishing-
related information that relate to the intervention and how the information-sharing 
networks relate to one another. Moreover, evaluating who talks to whom (i.e., directed 
network ties) has implications for how information may or may not flow. This is because 
individuals within a network can be highly central (generally nominated by many others) 
but just receive information – resulting in knowledge accumulation and the impeding 
rather than facilitation of information flow (Weiss et al. 2012; Zhang et al. 2020). 
Therefore, degree assortativity was the primary assortativity measure of interest as 
degree provides a measure of which fishers provide information to others (in-degree) 
and receive information from others (out-degree).” 
 
For node eccentricity: 
 
“As well as assortativity-based metrics, the variance in node centrality provides an 
informative and intuitive network measure regarding the uniformity of a network’s 
structure, its resilience to perturbations, and the influence of start-points on social 
contagions (Freeman 1978; Borgatti 2005; Borgatti et al. 2006). For this purpose, we 
used node eccentricity (igraph package (Csardi & Nepusz 2006)), which measures how 
far a fisher is from the furthest other in the network (Hage & Harary 1995). Node 
eccentricity can be particularly informative when investigating the flow of information 
and transmission of behaviors across a network following an intervention (Table 2).” 
 
We would like to highlight that we also explored variance in betweenness as an 
alternative to node eccentricity, and we presented these results in the Supplementary 
Materials. The results demonstrate that the two measures perform similarly. 
 
Other than this, in Table 2 they authors cite ecological studies using the measure. In 
sum, I would expect a much better empirical, theoretical, support for their choice of 
metric. 
 



We chose to include a non-human animal network example for degree assortativity in 
Table 2 as we believed it provided a clear and suitable example for demonstrating how 
assessing degree assortativity in networks can inform researchers. We are not aware of 
any small-scale fishery network studies that have specifically used degree assortativity 
(or degree homophily) as one of their key network measures. As the Reviewer 
highlights, the majority of small-scale fisher network studies have employed other types 
of homophily metrics based on actor attributes. However, we aimed to first understand 
the general structure of multiple fishing-related information types that relate to the sea 
turtle bycatch intervention in our study system and how each information-sharing 
network relates to one another. We believe that degree assortativity is a suitable 
network metric for this aim. Exploration of how actor attributes drive network centrality 
and grouping in each of the information-sharing networks in an excellent idea for further 
research and this study is underway. But we believe this analysis is substantive enough 
to warrant publication in an additional manuscript.  
 
In light of these justifications, we acknowledge that including an ecological non-human 
animal network study as a key example of degree assortativity use may have been 
confusing to some readers. We have replaced the former example in Table 2 with a 
study that investigates degree assortativity (among other metrics) in a human social 
network: 
 
Degree assortativity 
A comprehensive, socio-centric network study of the Hadza hunter-gatherers of Tanzan 
was undertaken. Hadza networks were positively assorted by degree. People with 
higher in-degree named more social contacts, and people with higher out-degree were 
more likely to be named, even in models with controls. In other words, individuals who 
nominate more friends are more popular even among those they themselves did not 
nominate (Apicella et al. 2012). 
 
Node eccentricity 
A human social network example was already provided for node eccentricity. 
 
The second major concern I have is that I am not sure that the authors’ conclusions can 
be justified by their results. Specifically, the authors conclude that information-sharing 
networks about turtle bycatch are “structurally dissimilar” from the other information-
sharing networks and, even more troubling—they conclude that the “usual mechanisms 
that drive information sharing between fishers in the other fishing-information types 
assessed (and potentially social networks generally) are not at play in the turtle bycatch 
information-sharing network”. The problem I have with this conclusion is that degree 
assortativity is only one of many mechanisms that could be driving the formation of 
these information-sharing networks, and unfortunately, with the approach employed, 
there is no way that the authors can ascertain what are the mechanisms driving network 
formation (more on this below). My initial reaction was that in order to address this, the 
authors could refocus their conclusions to talk specifically about the observed 
differences in degree assortativity (rather than structure in general), but even then, the 
problem is that some, even more basic mechanisms of network formation (that are not 



accounted for in the study) could actually explain the differences observed in degree 
assortativity. For example, reciprocity is commonly observed in information-sharing 
networks, and from what I can see in Figure 4 there seems to be a fair amount of 
reciprocity in the data. However, the authors do not mention these and other potential 
mechanisms, how they have accounted for them or why they are not relevant to their 
analysis or context (for example, homophily based on demographic characteriscs such 
as race or family ties/clans, have been found as key mechanisms of network formation 
in fishers information-sharing networks). In other words, I think the authors have to do a 
much better job of supporting their methodological approach. If they cannot fully support 
their choice (and right now I don’t think the support required is there), I would invite the 
authors to re-run their results using appropriate methods for the structural analysis of 
networks where multiple competing mechanisms can be tested concurrently. 
 
Thanks for highlighting your concerns with our concluding statement. The Reviewer is 
correct that stating “structurally dissimilar” was perhaps an overstretch as unknown 
processes that have not been evaluated in the current study could also potentially be 
driving the formation of these information sharing network. We now offer further 
specificity by referring to the sea turtle bycatch network as “structurally dissimilar in 
degree assortativity and node eccentricity” to the other networks, rather than referring to 
the networks as structurally dissimilar more generally.  
 
The overall aim of this study was to broadly compare the general network structure of 
multiple subtopics of fishing information that relate to a conservation intervention being 
implemented in our study system. We wanted to explore how the structures of 
information-sharing networks vary in relation to the topic of information shared and 
understand whether it would be possible to design a robust (if sub-optimal) intervention 
if influential individuals identified from an information-sharing network of relevance to 
the intervention other than sea turtle bycatch were targeted. To do this, we chose 
several widely applied network-level metrics that can be particularly informative about 
how networks structure varies and how that might influence information flows. We 
intended to explore whether individuals sharing one topic of information may not be the 
most central individuals when sharing other closely related information topics – allowing 
us to highlight to other conservation practitioners and researchers that there is a need to 
be careful when choosing the topic of information that one is mapping and to consider 
how it relates to the conservation intervention being planned. Essentially, we would like 
this study to be a timely word of warning as social network analysis is more widely 
applied in conservation science and natural resource management (Groce et al. 2019). 
We have seen more than one study in the conservation science literature that has 
mapped general ‘fishing information’ networks and then drawn more specific 
conclusions for conservation outcomes from that data (see Barnes et al. 2016, PNAS; 
Mbaru and Barnes 2017, Biological Conservation).  
 
Furthermore, we agree with the Reviewer that other mechanisms may also be driving 
information sharing about fishing in our study systems networks. But we argue that the 
first step was to explore the general social structure of multiple subtopics of fishing 
information networks using three widely applied and generalisable network-level 



metrics. Having found that the sea turtle bycatch information-sharing network is 
structurally different to the other networks in regards to these structural network 
measures, we are now carrying out further exploration into how demographic 
characteristics might be driving these differences. We have added three sentences in 
the discussion that highlight this point. The additional text reads: 
 
“Additionally, other mechanisms could be expected to drive information sharing between 
fishers, prompting further research to investigate whether additional demographic 
characteristics correspond with different types of fishing information exchange. For 
example, several studies of small-scale fisheries have shown that similarity in gear type 
coincides with information exchange amongst fishers (Crona & Bodin 2006; Alexander 
et al. 2018). Similarly, longline fishers in Hawaii show a strong homophilic tendency for 
information exchange along ethnic lines (Barnes-Mauthe et al. 2013).” 
 
Regarding the Reviewer’s comment on reciprocity. When considering the variance in 
betweenness as an alternative, but related, measure of centrality, we found it was 
positively correlated with eccentricity but negatively correlated with the clustering 
coefficient (Fig. S3; Supplementary Materials). The clustering coefficient, like 
reciprocity, is a quantitative measure used to study complex networks and can inform 
how much information is lost when a directed network is regarded as undirected. This 
was explored as an alternative measure to reciprocity during our analysis. This point is 
highlighted in the text of the Supplementary Materials.  
 
Related to my last point above, I note that a previous reviewer highlighted ERGMs as a 
more stringent null model that is able to take into account multiple network-formation 
effects. In my opinion, the authors’ response to this major concern (as highlighted by the 
reviewer) is not convincing. The authors argue that while they acknowledge that 
ERGMs can perform many of the functions that their permutation null model approach 
can, they think there is still novelty in applying the permutation-based null model 
because they are only aware of 2 studies on human networks that use the same 
permutation null model that they use. This is not convincing for two reasons. First, there 
are tons of permutation-based models that have been used in the analysis of human 
networks since at least the 80s. They all vary slightly in what the null models are 
conditioned on, but they are all doing the same thing i.e. trying to get a test statistic for 
the measure of interest by comparing it to a baseline. So saying that “there is novelty in 
applying these analytical methods” is not enough.  
 
We note in the text of the methodology section that numerous permutation-based null 
models have been applied to the analysis of human networks since the 1970s: 
 
“Null models have been applied to network data in sociology since the 1970s (Davis 
1970) and discipline-specific developments have subsequently been made to statistical 
models such as exponential random graph models (Snijders 2002; Snijders et al. 2006), 
conditional uniform graph tests (Katz & Wilson 1956; Holland & Leinhardt 1977; 
Anderson et al. 1999) and quadratic assignment procedure tests (Hubert 1986; 
Krackardt 1987; Dekker et al. 2007).” 



 
While we do not explicitly state there is novelty in our application of our specific 
permutation methodology, we do note that we expand on the application of these 
specific permutation analyses beyond the original field of application. We feel that, 
should an analytical method have application beyond a field of study with which it was 
first designed and routinely applied, then there is benefit in demonstrating its flexibility 
and applicability to other areas of research. Therefore, we have kept the following 
sentence in the methods to highlight this point:  
 
“Here we expand the application of the permutation-based null model approach 
routinely used in ecology, and which has also been applied in the field of epidemiology 
for assessing human contact tracing disease control measures, to an human 
information-sharing social network (Firth et al. 2020).”  
 
But we have removed the following text from the final paragraph of the introduction to 
deemphasise the novelty of applying this permutation method to human network data: 
 
“We illustrate how null model analysis techniques used in the ecological sciences may 
offer more in-depth insights into the fine-scale structure of human networks than could 
be gained from simple centrality measurement methods” 
 
Second, the point about ERGMs is not that they can perform many of the functions that 
permutations test can. The point is that these models can perform all of the functions 
that the permutation model applied by the authors can, plus many more. ERGMs are 
much more advanced models that seem to me are much more suitable for the task at 
hand. This not to say that permutation null models are not adequate for certain tasks.  
But given that the authors have not fully supported why it makes sense to ONLY 
compare the structure of the networks on the basis of their degree assortativity and, 
also importantly, why the particular permutations implemented are suitable given the 
particular context and type of data, I am afraid I am not convinced that the permutation 
null models selected are suitable. 
 
Thanks for these comments. We agree with the Reviewer that ERGMs are a useful 
analytical technique for comparing social networks. As highlighted in our comment 
above we have highlighted the use of ERGMs and other null model approaches 
routinely applied in the sociology literature when comparing the structure of social 
networks. However, in the current study we have chosen to compare multiple human 
information-sharing networks using a permutation method that has historically been 
routinely applied to non-human animal social networks. The permutation null models 
that we have applied can also perform many more functions beyond what are 
demonstrated in this study. Both the permutation null models that we have applied and 
ERGMs are highly flexible, and we are not arguing for one over the other. So, 
unfortunately, we do not necessarily agree with the Reviewer’s statement “The point is 
that these models [ERGMs] can perform all of the functions that the permutation model 
applied by the authors can, plus many more”. While our approach may be different from 
the analytical methods usually applied to comparing human social networks, there is no 



reason to preclude the use of the permutation null models that we have applied to the 
human network dataset that we are exploring. The permutation method we employ is 
suitable for the task of comparing whether certain network metrics are more or less 
expected than by chance across multiple information-sharing networks. Our graph 
permutation techniques are robust, and the method has also successfully been applied 
to human social network data previously - see (Firth et al. 2020). Furthermore, Reviewer 
1 notes “the permutation exercise that we employ is interesting but lacks the nuances of 
more ‘constraining’ null models that maintain, for example, the number of triangles in 
the network [like graphlets as described in Przujl (2007) and Tantardini et al. (2019)]. 
Still it can work as a coarse grained assessment of whether certain network metrics are 
more or less expected than by chance”.  
 
In an effort to provide further clarification and justification for the structural comparison 
of networks undertaken we have also added a paragraph in the introduction to make a 
stronger case as to why the assumption, made by conservation researchers and 
practitioners, that knowledge about peer-to-peer information-sharing networks should 
be transferable to a related information-sharing network of interest (other fishing issues 
and sea turtle bycatch, in our case) should be tested: 
 
“A structural comparison of multiple fishing information-sharing networks will allow us to 
explore whether it would be possible to design an effective (if sub-optimal) sea turtle 
bycatch intervention by identifying and targeting influential individuals in a network 
sharing information on other topics related to the intervention. This is a pertinent 
question because information-sharing about sea turtle bycatch might be sensitive and 
therefore hard to quantify, or it may be that the information-sharing networks for other 
topics are already known so the cost of describing a sea turtle bycatch-relevant network 
would not need to be incurred. It is also interesting more generally to explore how the 
networks for sharing different types of fisheries information resemble each other, as this 
may give insights into how different kinds of information are perceived by fishers.” 
 
I provide minor comments in the attached pdf document. 
 
We have provided detailed responses to the Reviewer’s minor comments in the 
attached .pdf document.  
 
Finally, we thank the Reviewer for their thorough and constructive critique of our 
research.  
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