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Should the paper be seen by a specialist statistical reviewer?  
No 
 
Do you have any concerns about statistical analyses in this paper? If so, please specify them 
explicitly in your report. 
No 
 
It is a condition of publication that authors make their supporting data, code and materials 
available - either as supplementary material or hosted in an external repository. Please rate, if 
applicable, the supporting data on the following criteria. 
 
   Is it accessible? 
   No 
 
   Is it clear?  
   No 
 
   Is it adequate?  
   No 
 
Do you have any ethical concerns with this paper? 
No 
 
Comments to the Author 
I truly enjoyed reading the manuscript by Miazgowicz and colleagues. It is very well written, has 
a modest number of very clear figures and deals with an important topic in global health 
research. 
 
Whilst very well written and with very accessible and clearly presented results, there are two 
major caveats. The authors draw conclusions on the suitability of temperature ranges for Pf 
transmission and convincingly demonstrate that their experiments have implications on 
inferences on R0 and transmission. However, temperature and mosquito age are also major 
factors in determining mosquito susceptibility to plasmodium infections with possible (but 
unquantified) interactions. This is a major limitation of the current study that ideally would 
require the relevant experiments or, at a very minimum (not very satisfactory), a clear description 
in the discussion section. Secondly, the conclusions are drawn on areas with vivax rather than 
falciparum is the dominant plasmodium species. This should be relatively easily incorporated.  
  
Other specific points: 
The history of the mosquito colony is missing. How many generations has the mosquito been in 
colony and at what temperature has it been maintained? This could affect the validity of the 
results. A recent colony would in many ways be preferable. 
 
I liked the very clear introduction that ended with 4 clearly defined questions. It would be great if 
the end of the discussion can return to this structure in a summary statement. 
 
The authors model constant temperature (slightly confusingly referred to as treatment in the 
figures, I would suggest days at temperature) whilst temperatures of course fluctuate and this 
could have a profound impact on the examined parameters. Why wasn't an average day and 
average night temperature inferred? That would greatly have improved the extent to which the 
experiments mimicked natural conditions. 
 
The authors report the breadth of suitable temperatures over which R0 exceeds 0. Exceeding 1 
appears more relevant for sustained transmission. 
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The authors indicate that it is difficult to examine senescence in field conditions and mention this 
is a critical question. It would be valuable if they can discuss possible study designs in the (semi-) 
field.  
 
Whilst very well written and with very accessible and clearly presented results, there are two 
major caveats. The authors draw conclusions on the suitability of temperature ranges for Pf 
transmission and convincingly demonstrate that their experiments have implications on 
inferences on R0 and transmission. However, temperature and mosquito age are also major 
factors in determining mosquito susceptibility to plasmodium infections with possible (but 
unquantified) interactions. This is a major limitation of the current study that ideally would 
require the relevant experiments or, at a very minimum (not very satisfactory), a clear description 
in the discussion section. Secondly, the conclusions are drawn on areas with vivax rather than 
falciparum is the dominant plasmodium species. This should be relatively easily incorporated.  
  
Other specific points: 
The history of the mosquito colony is missing. How many generations has the mosquito been in 
colony and at what temperature has it been maintained? This could affect the validity of the 
results. A recent colony would in many ways be preferable. 
 
I liked the very clear introduction that ended with 4 clearly defined questions. It would be great if 
the end of the discussion can return to this structure in a summary statement. 
 
The authors model constant temperature (slightly confusingly referred to as treatment in the 
figures, I would suggest days at temperature) whilst temperatures of course fluctuate and this 
could have a profound impact on the examined parameters. Why wasn't an average day and 
average night temperature inferred? That would greatly have improved the extent to which the 
experiments mimicked natural conditions. 
 
The authors report the breadth of suitable temperatures over which R0 exceeds 0. Exceeding 1 
appears more relevant for sustained transmission. 
 
The authors indicate that it is difficult to examine senescence in field conditions and mention this 
is a critical question. It would be valuable if they can discuss possible study designs in the (semi-) 
field. 
 
 
 
 

Review form: Reviewer 2 
 
Recommendation 
Reject – article is scientifically unsound 
 
Scientific importance: Is the manuscript an original and important contribution to its field? 
Marginal 
 
General interest: Is the paper of sufficient general interest? 
Acceptable 
 
Quality of the paper: Is the overall quality of the paper suitable? 
Poor 
 
Is the length of the paper justified?  
No 
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Should the paper be seen by a specialist statistical reviewer?  
No 
 
Do you have any concerns about statistical analyses in this paper? If so, please specify them 
explicitly in your report. 
Yes 
 
It is a condition of publication that authors make their supporting data, code and materials 
available - either as supplementary material or hosted in an external repository. Please rate, if 
applicable, the supporting data on the following criteria. 
 
   Is it accessible? 
   Yes 
 
   Is it clear?  
   N/A 
 
   Is it adequate?  
   N/A 
 
Do you have any ethical concerns with this paper? 
No 
 
Comments to the Author 
This study provides novel insights into the impact of mosquito age and temperature on multiple 
entomological parameters that influence malaria transmission intensity and is one of the first 
studies to collect data that simultaneously investigates both these variables in a controlled, 
laboratory setting. The study could be of interest to both medical entomologists and 
epidemiologists. There are, however, several statistical considerations and over-interpretation of 
data which precludes publication in its current form. The relevance of the findings in the field is 
not considered, and the definition of R0 ignores the need for mosquito breeding sites and 
generates results which could be dangerously misleading (please see the report below for your 
consideration). Many thanks. 
 
 
 

Decision letter (RSPB-2019-2207.R0) 
 
11-Nov-2019 
 
Dear Dr Murdock: 
 
I am writing to inform you that your manuscript RSPB-2019-2207 entitled "Mosquito species and 
age influence thermal performance of traits relevant to malaria transmission" has, in its current 
form, been rejected for publication in Proceedings B. 
 
This action has been taken on the advice of referees, who have recommended that substantial 
revisions are necessary. With this in mind we would be happy to consider a resubmission, 
provided the comments of the referees are fully addressed.  However please note that this is not a 
provisional acceptance. 
 
The resubmission will be treated as a new manuscript.  However, we will approach the same 
reviewers if they are available and it is deemed appropriate to do so by the Editor. Please note 
that resubmissions must be submitted within six months of the date of this email. In exceptional 
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circumstances, extensions may be possible if agreed with the Editorial Office. Manuscripts 
submitted after this date will be automatically rejected. 
 
Please find below the comments made by the referees, not including confidential reports to the 
Editor, which I hope you will find useful. If you do choose to resubmit your manuscript, please 
upload the following: 
 
1) A ‘response to referees’ document including details of how you have responded to the 
comments, and the adjustments you have made. 
2) A clean copy of the manuscript and one with 'tracked changes' indicating your 'response to 
referees' comments document. 
3) Line numbers in your main document. 
 
To upload a resubmitted manuscript, log into http://mc.manuscriptcentral.com/prsb and enter 
your Author Centre, where you will find your manuscript title listed under "Manuscripts with 
Decisions." Under "Actions," click on "Create a Resubmission." Please be sure to indicate in your 
cover letter that it is a resubmission, and supply the previous reference number. 
 
Sincerely, 
Dr Sasha Dall 
mailto: proceedingsb@royalsociety.org 
 
 
Associate Editor 
Board Member: 1 
Comments to Author: 
I have now received two very considered reviews that make a series of detailed criticisms. Both 
referees worry about how lab adapted this colony is and therefore how relevant these results are 
to the field.  One of the referees is very concerned more broadly about this and makes a number 
of measured criticisms of the approach and interpretation of the data. The study is limited by 
using a colony and not looking at infected mosquitoes both in terms of the effect of temperature 
on infection and transmission but also on temperature dependent mortality. The question 
becomes how reasonable is it to draw those maps given these limitations?  My sense is that this 
work is hard and important and therefore getting part way to the answer is worth while. We 
could look at a resubmission, but my sense is that you would need to really address these issues 
and limitations upfront.    
 
 
Reviewer(s)' Comments to Author: 
 
Referee: 1 
 
Comments to the Author(s) 
I truly enjoyed reading the manuscript by Miazgowicz and colleagues. It is very well written, has 
a modest number of very clear figures and deals with an important topic in global health 
research. 
 
Whilst very well written and with very accessible and clearly presented results, there are two 
major caveats. The authors draw conclusions on the suitability of temperature ranges for Pf 
transmission and convincingly demonstrate that their experiments have implications on 
inferences on R0 and transmission. However, temperature and mosquito age are also major 
factors in determining mosquito susceptibility to plasmodium infections with possible (but 
unquantified) interactions. This is a major limitation of the current study that ideally would 
require the relevant experiments or, at a very minimum (not very satisfactory), a clear description 
in the discussion section. Secondly, the conclusions are drawn on areas with vivax rather than 
falciparum is the dominant plasmodium species. This should be relatively easily incorporated.  
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Other specific points: 
The history of the mosquito colony is missing. How many generations has the mosquito been in 
colony and at what temperature has it been maintained? This could affect the validity of the 
results. A recent colony would in many ways be preferable. 
 
I liked the very clear introduction that ended with 4 clearly defined questions. It would be great if 
the end of the discussion can return to this structure in a summary statement. 
 
The authors model constant temperature (slightly confusingly referred to as treatment in the 
figures, I would suggest days at temperature) whilst temperatures of course fluctuate and this 
could have a profound impact on the examined parameters. Why wasn't an average day and 
average night temperature inferred? That would greatly have improved the extent to which the 
experiments mimicked natural conditions. 
 
The authors report the breadth of suitable temperatures over which R0 exceeds 0. Exceeding 1 
appears more relevant for sustained transmission. 
 
The authors indicate that it is difficult to examine senescence in field conditions and mention this 
is a critical question. It would be valuable if they can discuss possible study designs in the (semi-) 
field.  
 
Whilst very well written and with very accessible and clearly presented results, there are two 
major caveats. The authors draw conclusions on the suitability of temperature ranges for Pf 
transmission and convincingly demonstrate that their experiments have implications on 
inferences on R0 and transmission. However, temperature and mosquito age are also major 
factors in determining mosquito susceptibility to plasmodium infections with possible (but 
unquantified) interactions. This is a major limitation of the current study that ideally would 
require the relevant experiments or, at a very minimum (not very satisfactory), a clear description 
in the discussion section. Secondly, the conclusions are drawn on areas with vivax rather than 
falciparum is the dominant plasmodium species. This should be relatively easily incorporated.  
  
Other specific points: 
The history of the mosquito colony is missing. How many generations has the mosquito been in 
colony and at what temperature has it been maintained? This could affect the validity of the 
results. A recent colony would in many ways be preferable. 
 
I liked the very clear introduction that ended with 4 clearly defined questions. It would be great if 
the end of the discussion can return to this structure in a summary statement. 
 
The authors model constant temperature (slightly confusingly referred to as treatment in the 
figures, I would suggest days at temperature) whilst temperatures of course fluctuate and this 
could have a profound impact on the examined parameters. Why wasn't an average day and 
average night temperature inferred? That would greatly have improved the extent to which the 
experiments mimicked natural conditions. 
 
The authors report the breadth of suitable temperatures over which R0 exceeds 0. Exceeding 1 
appears more relevant for sustained transmission. 
 
The authors indicate that it is difficult to examine senescence in field conditions and mention this 
is a critical question. It would be valuable if they can discuss possible study designs in the (semi-) 
field.  
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Referee: 2 
 
Comments to the Author(s) 
This study provides novel insights into the impact of mosquito age and temperature on multiple 
entomological parameters that influence malaria transmission intensity and is one of the first 
studies to collect data that simultaneously investigates both these variables in a controlled, 
laboratory setting. The study could be of interest to both medical entomologists and 
epidemiologists. There are, however, several statistical considerations and over-interpretation of 
data which precludes publication in its current form. The relevance of the findings in the field is 
not considered, and the definition of R0 ignores the need for mosquito breeding sites and 
generates results which could be dangerously misleading (please see the report below for your 
consideration). Many thanks. 
 
 
 

Author's Response to Decision Letter for (RSPB-2019-2207.R0) 
 
See Appendix A. 
 
 
 

RSPB-2020-1093.R0 
 
Review form: Reviewer 2 
 
Recommendation 
Major revision is needed (please make suggestions in comments) 
 
Scientific importance: Is the manuscript an original and important contribution to its field? 
Acceptable 
 
General interest: Is the paper of sufficient general interest? 
Acceptable 
 
Quality of the paper: Is the overall quality of the paper suitable? 
Acceptable 
 
Is the length of the paper justified?  
Yes 
 
Should the paper be seen by a specialist statistical reviewer?  
No 
 
Do you have any concerns about statistical analyses in this paper? If so, please specify them 
explicitly in your report. 
No 
 
It is a condition of publication that authors make their supporting data, code and materials 
available - either as supplementary material or hosted in an external repository. Please rate, if 
applicable, the supporting data on the following criteria. 
 
   Is it accessible? 
   Yes 
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   Is it clear?  
   Yes 
 
   Is it adequate?  
   Yes 
 
Do you have any ethical concerns with this paper? 
No 
 
Comments to the Author 
Many thanks for the improved manuscript. I agree that laboratory studies are currently necessary 
to separate the effects of temperature from other variables, there are numerous logistical 
challenges involved and consequently we have to rely on the best methods available at the time. 
The discussions around these points are improved, thank you. It is nonetheless important to 
consider the uncertainty involved and extent to which we can draw field-relevant conclusions 
when interpreting laboratory data. I have added some additional considerations. 
Thank you for investigating the impact of synchronous biting, modifying Figure 1 and 
investigating the use of different priors on the temperature-trait relationships – these are 
improvements.  
 
Further considerations 
1. Line 52 – are the “alterations in mosquito behaviour” you are referring to behavioural 
resistance to insecticide? 
2. Lines 197 to 206 – the discussion around the use of a relative or absolute R0 is a lot clearer now, 
thank you. I do, however, think it should be defined in the first paragraph of the “Temperature-
dependent transmission potential (R0)” section. Also, this section could be called “Temperature-
dependent transmission potential (relative R0)”. Given the current situation, the use and 
understanding of the absolute R0 is now widespread outside the scientific community, avoiding 
confusion is therefore vital. 
3. Lines 291 to 310 – I understand what you mean, but I still feel the findings are being over 
interpreted.  
a. The use of the word “endemic” suggests there is year-round transmission, but actually the 
laboratory mosquito responses suggest that air temperature is suitable year-round for 
transmission to occur, given a number of assumptions.  
b. For example, we do not know if/how mosquito behaviour in the field shapes their responses to 
temperature. 
4. The discussion around senescence in the field is improved and important (lines 347 to 351). For 
further consideration, whilst senescence has been observed in the field if mosquito lifespan is 
shortened the time over which senescence can impact the observed transmission relevant traits, 
will be less. 
5. The age of the long-standing colony should be included in the main article (not just the 
supplementary information). 
 
 
 

Decision letter (RSPB-2020-1093.R0) 
 
29-May-2020 
 
Dear Dr Murdock: 
 
Your manuscript has now been peer reviewed and the reviews have been assessed by an 
Associate Editor. The reviewers’ comments (not including confidential comments to the Editor) 
and the comments from the Associate Editor are included at the end of this email for your 
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reference. As you will see, the reviewers and the Editors have raised some concerns with your 
manuscript and we would like to invite you to revise your manuscript to address them. 
 
We do not 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 Associate Editor, 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 note that we cannot guarantee eventual 
acceptance of your manuscript at this stage. 
 
To submit your revision please log into http://mc.manuscriptcentral.com/prsb and enter your 
Author Centre, where you will find your manuscript title listed under "Manuscripts with 
Decisions." Under "Actions”, click on "Create a Revision”. Your manuscript number has been 
appended to denote a revision. 
 
When submitting your revision please upload a file under "Response to Referees" in the "File 
Upload" section. This should document, point by point, how you have responded to the 
reviewers’ and Editors’ comments, and the adjustments you have made to the manuscript. We 
require a copy of the manuscript with revisions made since the previous version marked as 
‘tracked changes’ to be included in the ‘response to referees’ document. 
 
Your main manuscript should be submitted as a text file (doc, txt, rtf or tex), not a PDF. Your 
figures should be submitted as separate files and not included within the main manuscript file. 
 
When revising your manuscript you should also ensure that it adheres to our editorial policies 
(https://royalsociety.org/journals/ethics-policies/). You should pay particular attention to the 
following: 
 
Research ethics: 
If your study contains research on humans please ensure that you detail in the methods section 
whether you obtained ethical approval from your local research ethics committee and gained 
informed consent to participate from each of the participants. 
 
Use of animals and field studies: 
If your study uses animals please include details in the methods section of any approval and 
licences given to carry out the study and include full details of how animal welfare standards 
were ensured. Field studies should be conducted in accordance with local legislation; please 
include details of the appropriate permission and licences that you obtained to carry out the field 
work. 
 
Data accessibility and data citation: 
It is a condition of publication that you make available the data and research materials 
supporting the results in the article. Datasets should be deposited in an appropriate publicly 
available repository and details of the associated accession number, link or DOI to the datasets 
must be included in the Data Accessibility section of the article 
(https://royalsociety.org/journals/ethics-policies/data-sharing-mining/). Reference(s) to 
datasets should also be included in the reference list of the article with DOIs (where available). 
 
In order to ensure effective and robust dissemination and appropriate credit to authors the 
dataset(s) used should also be fully cited and listed in the references. 
 
If you wish to submit your data to Dryad (http://datadryad.org/) and have not already done so 
you can submit your data via this link 
http://datadryad.org/submit?journalID=RSPB&manu=(Document not available), which will 
take you to your unique entry in the Dryad repository. 
 



 10 

If you have already submitted your data to dryad you can make any necessary revisions to your 
dataset by following the above link. 
 
For more information please see our open data policy http://royalsocietypublishing.org/data-
sharing. 
 
Electronic supplementary material: 
All supplementary materials accompanying an accepted article will be treated as in their final 
form. They will be published alongside the paper on the journal website and posted on the online 
figshare repository. Files on figshare will be made available approximately one week before the 
accompanying article so that the supplementary material can be attributed a unique DOI. Please 
try to submit all supplementary material as a single file. 
 
 
Online supplementary material will also carry the title and description provided during 
submission, so please ensure these are accurate and informative. Note that the Royal Society will 
not edit or typeset supplementary material and it will be hosted as provided. Please ensure that 
the supplementary material includes the paper details (authors, title, journal name, article DOI). 
Your article DOI will be 10.1098/rspb.[paper ID in form xxxx.xxxx e.g. 10.1098/rspb.2016.0049]. 
 
Please submit a copy of your revised paper within three weeks. If we do not hear from you 
within this time your manuscript will be rejected. If you are unable to meet this deadline please 
let us know as soon as possible, as we may be able to grant a short extension. 
 
Thank you for submitting your manuscript to Proceedings B; we look forward to receiving your 
revision. If you have any questions at all, please do not hesitate to get in touch. 
 
Best wishes, 
Dr Sasha Dall   
mailto: proceedingsb@royalsociety.org 
 
Associate Editor Board Member 
Comments to Author: 
Thank you for revising the MS - I really appreciate the work that you have put into the revision 
and now think this is a really great study.  The referee makes some useful points that you should 
consider in a revision, but I am sure you can address them easily.  I really enjoyed reading the 
paper and think it will make a major contribution.   
 
Reviewer(s)' Comments to Author: 
 
Referee: 2 
 
Comments to the Author(s). 
Many thanks for the improved manuscript. I agree that laboratory studies are currently necessary 
to separate the effects of temperature from other variables, there are numerous logistical 
challenges involved and consequently we have to rely on the best methods available at the time. 
The discussions around these points are improved, thank you. It is nonetheless important to 
consider the uncertainty involved and extent to which we can draw field-relevant conclusions 
when interpreting laboratory data. I have added some additional considerations. 
Thank you for investigating the impact of synchronous biting, modifying Figure 1 and 
investigating the use of different priors on the temperature-trait relationships – these are 
improvements. 
 
Further considerations 
1. Line 52 – are the “alterations in mosquito behaviour” you are referring to behavioural 
resistance to insecticide? 
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2. Lines 197 to 206 – the discussion around the use of a relative or absolute R0 is a lot clearer now,
thank you. I do, however, think it should be defined in the first paragraph of the “Temperature-
dependent transmission potential (R0)” section. Also, this section could be called “Temperature-
dependent transmission potential (relative R0)”. Given the current situation, the use and 
understanding of the absolute R0 is now widespread outside the scientific community, avoiding 
confusion is therefore vital. 
3. Lines 291 to 310 – I understand what you mean, but I still feel the findings are being over
interpreted. 
a. The use of the word “endemic” suggests there is year-round transmission, but actually the
laboratory mosquito responses suggest that air temperature is suitable year-round for 
transmission to occur, given a number of assumptions. 
b. For example, we do not know if/how mosquito behaviour in the field shapes their responses to
temperature. 
4. The discussion around senescence in the field is improved and important (lines 347 to 351). For
further consideration, whilst senescence has been observed in the field if mosquito lifespan is 
shortened the time over which senescence can impact the observed transmission relevant traits, 
will be less. 
5. The age of the long-standing colony should be included in the main article (not just the
supplementary information). 

Author's Response to Decision Letter for (RSPB-2020-1093.R0) 

See Appendix B. 

RSPB-2020-1093.R1 (Revision) 

Review form: Reviewer 1 

Recommendation 
Accept as is 

Scientific importance: Is the manuscript an original and important contribution to its field? 
Good 

General interest: Is the paper of sufficient general interest? 
Acceptable 

Quality of the paper: Is the overall quality of the paper suitable? 
Acceptable 

Is the length of the paper justified? 
Yes 

Should the paper be seen by a specialist statistical reviewer? 
No 

Do you have any concerns about statistical analyses in this paper? If so, please specify them 
explicitly in your report. 
No 



 12 

 
It is a condition of publication that authors make their supporting data, code and materials 
available - either as supplementary material or hosted in an external repository. Please rate, if 
applicable, the supporting data on the following criteria. 
 
   Is it accessible? 
   Yes 
 
   Is it clear?  
   Yes 
 
   Is it adequate?  
   Yes 
 
Do you have any ethical concerns with this paper? 
No 
 
Comments to the Author 
Thanks for all your hard work with the revisions. 
 
 
 

Decision letter (RSPB-2020-1093.R1) 
 
29-Jun-2020 
 
Dear Dr Murdock 
 
I am pleased to inform you that your manuscript entitled "Age influences the thermal suitability 
of Plasmodium falciparum transmission in the Asian malaria vector Anopheles stephensi" has been 
accepted for publication in Proceedings B. 
 
You can expect to receive a proof of your article from our Production office in due course, please 
check your spam filter if you do not receive it. PLEASE NOTE: you will be given the exact page 
length of your paper which may be different from the estimation from Editorial and you may be 
asked to reduce your paper if it goes over the 10 page limit. 
 
If you are likely to be away from e-mail contact please let us know.  Due to rapid publication and 
an extremely tight schedule, if comments are not received, we may publish the paper as it stands. 
 
If you have any queries regarding the production of your final article or the publication date 
please contact procb_proofs@royalsociety.org 
 
Open Access 
You are invited to opt for Open Access, making your freely available to all as soon as it is ready 
for publication under a CCBY licence. Our article processing charge for Open Access is £1700. 
Corresponding authors from member institutions 
(http://royalsocietypublishing.org/site/librarians/allmembers.xhtml) receive a 25% discount to 
these charges. For more information please visit http://royalsocietypublishing.org/open-access. 
 
Your article has been estimated as being 10 pages long. Our Production Office will be able to 
confirm the exact length at proof stage. 
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Paper charges 
An e-mail request for payment of any related charges will be sent out after proof stage (within 
approximately 2-6 weeks). The preferred payment method is by credit card; however, other 
payment options are available 
 
Electronic supplementary material: 
All supplementary materials accompanying an accepted article will be treated as in their final 
form. They will be published alongside the paper on the journal website and posted on the online 
figshare repository. Files on figshare will be made available approximately one week before the 
accompanying article so that the supplementary material can be attributed a unique DOI. 
 
Thank you for your fine contribution.  On behalf of the Editors of the Proceedings B, we look 
forward to your continued contributions to the Journal. 
 
Sincerely, 
Dr Sasha Dall 
Editor, Proceedings B 
mailto: proceedingsb@royalsociety.org 
 
Associate Editor: 
Board Member: 1 
Comments to Author: 
Thank you for your thorough revision - I think this is a great paper 
 
 



Response to Reviewers’ Comments: 

We would like to thank the reviewers for all of their thoughtful and insightful comments. After 

incorporating the below suggestions, we think the manuscript has been improved greatly. We 

hope the revisions meet the reviewers’ expectations. Reviewer comments are included in italics, 

with our responses in normal text. Changed text in the manuscript have been highlighted using 

track changes in the new version of the manuscript. 

Thank you! 

Courtney Murdock 

Statement to editor: 

The authors feel that addressing each of the reviewers’ comments listed below has improved the 

overall quality of the presented manuscript and warrants consideration of the manuscript in its 

current form for publication. In response to the reviewers, we have revisited the approach used to 

fit the thermal responses for the mosquito and pathogen traits included in our models. To do this 

we involved Drs. Johnson, Villena, and Shocket who have originally developed the fitting 

approach used throughout this manuscript and are now included as co-authors on the manuscript. 

Our specific modifications to the temperature-trait fits are outlined in the SI_Methods. As a 

result of these modifications some of our overall statements regarding the effects of including 

directly observed lifetime values as opposed to indirect estimates of lifetime values have been 

altered  slightly.  

Referee 1: 

Comments to the Author(s) 

I truly enjoyed reading the manuscript by Miazgowicz and colleagues. It is very well written, has 

a modest number of very clear figures and deals with an important topic in global health 

research. 

Whilst very well written and with very accessible and clearly presented results, there are two 

major caveats. The authors draw conclusions on the suitability of temperature ranges for Pf 

transmission and convincingly demonstrate that their experiments have implications on 

inferences on R0 and transmission.  

We thank Reviewer #1 for their response and have addressed each of the specific points made 

below. We feel that the incorporation of their feedback has improved the quality of the 

manuscript.  

However, temperature and mosquito age are also major factors in determining mosquito 

susceptibility to plasmodium infections with possible (but unquantified) interactions. This is a 

major limitation of the current study that ideally would require the relevant experiments or, at a 

very minimum (not very satisfactory), a clear description in the discussion section.  

Appendix A



 

This is an excellent point that the reviewer brings up and we agree completely. There is good 

evidence that immune systems senesce in mosquitoes (1) as well as in other systems (2, 3), 

which suggests the susceptibility of mosquitoes to vector-borne pathogens could change 

depending on mosquito age. These effects could have ramifications for our estimates of both 

vector competence and the extrinsic incubation period influencing the proportion of the mosquito 

population that is alive, infectious, and biting with the magnitude of these effects varying with 

environmental temperature. We have now incorporated this into the discussion section 

(Discussion ‘clean’ lines 350-356).  

 

While we recognize the potential importance of these effects on our predicted relative R0(T), we 

feel that demonstrating these effects is outside the scope of this manuscript. Investigating the 

effects of age and infection, as well as how temperature mediates these effects, on R0(T) could be 

an entirely separate manuscript. This study is not meant to directly relate to field dynamics but is 

used as a theoretical framework to aid future field efforts in collecting the type of data required 

to refine predictive models. 

 

Secondly, the conclusions are drawn on areas with vivax rather than falciparum is the dominant 

plasmodium species. This should be relatively easily incorporated. 

 

While An. stephensi is generally recognized as being the primary vector of P. vivax, An. 

stephensi is also capable of transmitting P. falciparum in urban areas (4-6) across its current 

distribution (depicted in our mapping figures), as well as in recent invasion zones in Africa (7-

10). We do agree that it would have been good to also include thermal suitability predictions for 

P. vivax, but this is currently not possible. There is a significant lack data to characterize these 

traits in the literature and no viable P. vivax in vitro model to generate these data. Thus, we 

cannot derive with any confidence temperature-trait relationships for vector competence nor the 

extrinsic incubation period of P. vivax infected An. stephensi mosquitoes in our models. 

 

Other specific points: 

The history of the mosquito colony is missing. How many generations has the mosquito been in 

colony and at what temperature has it been maintained? This could affect the validity of the 

results. A recent colony would in many ways be preferable. 

 

We agree with the reviewer that working with colonies recently derived from the field would be 

better for the scope of our questions than a long standing colony of An. stephensi. However, 

because of the biology of Anopheles as well as the bureaucratic oversight in India, it is virtually 

impossible to source a colony from the field without doing the work in country. This is currently 

included as a limitation of our study (SI_Discussion), emphasized as a long standing colony in 

the methods (Methods ‘clean’ line 103), and throughout the discussion attempt to draw parallels 

with how our data relates to the results of other studies conducted in the lab and field 

(Discussion ‘clean’ lines 337-338, 345-349, 350-352,356-357,363-365,368-370). Further, we 

have provided as much information as we can on the origin, type, etc. of the colony we used in 

our experiments in the SI_Methods of the manuscript.  

 



I liked the very clear introduction that ended with 4 clearly defined questions. It would be great 

if the end of the discussion can return to this structure in a summary statement. 

 

We used the first paragraph of the Discussion [Discussion ‘clean’ lines 310-329] to mirror the 

structure of the last paragraph of the Introduction and to provide a summary statement regarding 

each of our original research questions. 

 

The authors model constant temperature (slightly confusingly referred to as treatment in the 

figures, I would suggest days at temperature) whilst temperatures of course fluctuate and this 

could have a profound impact on the examined parameters. Why wasn't an average day and 

average night temperature inferred? That would greatly have improved the extent to which the 

experiments mimicked natural conditions. 

 

Since we manipulated the mean temperatures mosquitoes experienced, temperature is an 

experimental treatment. However, we agree with Reviewer 1 that simply using ‘days at 

temperature’ is potentially less confusing to readers. This change has been adapted in Figure 1 

and throughout the manuscript.  

 

We agree that determining how the temperature – relative R0 relationship varies under more 

natural conditions (e.g., diurnally fluctuating temperatures) vs. constant mean temperatures is 

important, but this question is currently outside the scope of this study. One of our main research 

goals was to generate a relative R0(T) model specifically with our An. stephensi data to be 

compared to a previously established model that used data aggregated from multiple parasite and 

mosquito species (11, 12). To make a fair comparison between models, we had to meet the 

exclusion criteria of data included in the previously published model – one of which being trait 

data were measured across multiple constant temperatures. To begin characterizing responses to 

variable temperature comprehensively, we first need thermal performance curves generated at 

constant temperatures, which we can then integrate over realistic daily temperature ranges. 

Further, previous work utilizing temperature-dependent R0 relationships derived from constant 

temperature experiments have been validated and shown to explain much of the variation in 

disease incidence in a given area (12-15)(24-28). However, we agree that varying mean constant 

temperatures is not necessarily reflective of field conditions that vary diurnally, seasonally, etc. 

and this variation could alter the thermal responses we are characterizing. In fact, we have 

another manuscript in preparation that explores this very question. This point has been addressed 

in the limitations section of the discussion (Discussion ‘clean’ lines 429-431) and in the SI 

(SI_Discussion). 

 

The authors report the breadth of suitable temperatures over which R0 exceeds 0. Exceeding 1 

appears more relevant for sustained transmission. 

 

Yes, in the traditional sense of the basic reproductive ratio (R0), R0 >1 is more relevant for 

sustained transmission. However, as we describe in the Methods (‘clean’ lines 195-207) and 

SI_Methods, we use a more conservative metric of the thermal suitability for transmission 

termed “relative R0” here and elsewhere (11-17). Absolute R0 will depend on a wide variety of 

additional factors that we do not account for in our models (including habitat availability as 

Reviewer #2 mentions). Thus, when comparing our relative R0 models we are simply comparing 



differences in the critical temperature thresholds where relative R0 exceeds 0. We then draw 

maps of the number of months in which the transmission of human malaria is predicted to be 

thermally suitable (relative R0 > 0) to illustrate how small shifts in critical temperature thresholds 

can potentially be biological relevant across a landscape. 

 

The authors indicate that it is difficult to examine senescence in field conditions and mention this 

is a critical question. It would be valuable if they can discuss possible study designs in the semi- 

field. 

 

We addressed this comment by including some suggested study designs (cohort mark recapture 

methods in the field / semi-field) and age grading technologies that could be used on mosquitoes 

in the field in the discussion section (Discussion ‘clean’ lines 368-370). 

 

 

  



Referee 2:  

 

Comments to the Author(s) 

This study provides novel insights into the impact of mosquito age and temperature on multiple 

entomological parameters that influence malaria transmission intensity and is one of the first 

studies to collect data that simultaneously investigates both these variables in a controlled, 

laboratory setting. The study could be of interest to both medical entomologists and 

epidemiologists. There are, however, several statistical considerations and over-interpretation of 

data which precludes publication in its current form. The relevance of the findings in the field is 

not considered, and the definition of R0 ignores the need for mosquito breeding sites and 

generates results which could be dangerously misleading (please see the report below for your 

consideration). Many thanks. 

 

We thank Reviewer #2 for their response and have addressed each of the specific points made 

below.  

 

Scientific accuracy, research methods and report  

The work is entirely based on laboratory adapted mosquitoes, which are likely to differ to wild 

mosquitoes, which adapt to local climates (as noted in the supplementary information). The use 

of a laboratory strain needs to be emphasized in the title and the point made in greater depth in 

the discussion. The methods should also state when the strain was colonised. 

 

This point was also highlighted by Reviewer #1. Our response is the same as above where we 

have added text to both the main and supplemental Methods to further emphasize these points. 

As we describe above, logistical limitations make conducting these experiments directly on field-

derived mosquitoes, or even recently derived colonies, excessively difficult. We respectfully 

disagree that this specific point needs to be emphasized in the title of the manuscript. Other 

considerations on the manuscript title are addressed below. 

 

The title “Mosquito species and age influence thermal performance of traits relevant to malaria 

transmission” is not sufficiently informative of what was done in the experiment. The title infers 

differences between species, but only one species is tested here. Consider revising. 

 

To better reflect the theoretical aspect of this body of work, and the distinction in the comparison 

between relative R0 models we have retitled the manuscript as “Age influences the thermal 

suitability of Plasmodium falciparum transmission in the Asian malaria vector Anopheles 

stephensi.” 

 

Mosquito life expectancy in the laboratory is substantially greater than in the field (i.e. this study 

observed mosquitoes living up to ~60 days when most wild populations typically live on average 

<10days). This is central to the applicability of the results but is only mentioned in the 

discussion.  
 

We agree with Reviewer #2 that mosquitoes likely have shorter lifespans than mosquitoes in the 

field as described in the Discussion [‘clean’ lines 347-349], although the research quantifying 

the age of field populations is sparse due to the difficulty of reliably age-grading field 



mosquitoes. We have also commented in the Discussion [‘clean’ line 365] that some of the 

implications of our results are contingent on mosquitoes exhibiting senescence in the field, which 

evidence suggests does occur despite their shorter lifespans in the field (18, 19). One of the 

strengths of using the relative R0 model approach is that it is conservative, and the absolute 

values of specific traits (e.g. the extended lifespan observed in the laboratory) become arbitrary 

(as only the temperature at which lifespan is minimized or maximized is relevant). We feel that 

these temperature thresholds would be relatively conserved (see (20)(36)), although there is 

likely some variation across mosquito populations. Moreover, investigating mosquito trait 

thermal responses in the laboratory is the only viable way to understand the direct effect of 

temperature while fully controlling all other variables that would influence mosquito life history 

in the field, such as humidity, rainfall, human activities, land use, habitat, etc. Previous research 

using laboratory-derived thermal performance curves to model mosquito-borne disease 

transmission, including malaria, has shown strong correspondence with field-observed patterns 

of transmission (12-15). 

Furthermore, malaria-infected mosquitoes are expected to have a reduced lifespan. In the study, 

all mosquitoes are uninfected, and the impact of malaria infection on mosquito mortality is not 

considered, which is important given that it is infected mosquitoes that are of interest for malaria 

transmission (Anderson, Knols, & Koella, 2000). 

 

We agree that malaria infection could have direct and indirect effects on mosquito life history 

traits, as noted in our response to reviewer #1, and that this could have important implications for 

our predicted temperature-trait relationships and thermal suitability for malaria transmission. 

However, we do not think that the existing literature has clearly resolved that infected 

mosquitoes are expected to have a reduced lifespan with Plasmodium infection. The 

presence/absence, strength and direction of life history trade-offs in Anopheline mosquitoes with 

Plasmodium exposure and infection is still controversial. More recent literature reviews such as 

(21) have highlighted the conflicting results of infection on mosquito survival. Thus, the effect of 

infection on mosquito survival appears to be context-dependent (including whether natural 

mosquito-parasite pairings are used, and the presence of environmental hazards associated with 

biting behavior) and not an interaction that has been fully characterized.  

 

While the effect of infection on mosquito life history traits may be important, it is outside the 

scope of this current manuscript. For the line of questions addressed in this study, it was 

necessary to mirror our experimental design to generate data in an equivalent manner as data that 

have been utilized in previous models, which have been generated using uninfected mosquitoes. 

To address this point by the reviewer, we have incorporated this as a study limitation in the main 

Discussion (‘clean’ line 353-356,431) and SI_Discussion. 

 

Statistical models (GLM and survival analysis) are fit to the laboratory data to investigate the 

importance of temperature and age. 

 

GLMs are fit to the daily proportion of females that imbibed blood and the daily per capita 

number of eggs oviposit, with temperature and day treated as continuous fixed effects. Figure 

1(a) indicates that on day zero a relatively high proportion of mosquitoes feed, which rapidly 

declines the following day (as all mosquitoes have just bloodfed). From this point on feeding 



becomes less synchronous. It is therefore possible that the significant decline in feeding as 

mosquitoes age is just a function of this loss of synchronous biting? The impact of age could then 

be due to the use of three-day old females, which had previously been deprived bloodfeeding, 

rather than an effect of age. The requires further investigation given that the loess lines look 

relatively constant, the p-value is >0.01, and the sample size at older ages will be lower due to 

mortality. To verify this, models should be refit excluding the first few days of day (say 6) to 

make sure this early synchrony isn’t driving results. 

 

We agree with reviewer #2 that this warrants closer 

inspection. To address this concern, we have modified 

the model used for the proportion of females that 

imbibed blood to be more representative of the response 

variable reported. Previously we used ‘Feed’ as our 

response variable, which was a binary response (0,1) to 

which a mosquito had fed on a given day. As stated in 

the manuscript, we use the proportion of mosquitoes 

which imbibed blood on a given day. Thus, we modified 

our model so that the response variable is now 

represented as a proportion calculated from the number 

of successes and the number of failures of imbibing 

blood on a given day for the fixed effects of day and 

temperature. Furthermore, we explored how the inclusion 

of higher order terms for day and temperature influenced 

the ranking of our models and model predictions 

(SI_Table 1, 2). We found that the inclusion of a fixed 

effects for Temperature, Day, Temperature2, Day3
, and 

the interaction between Temperature2 and Day3,  resulted 

in the highest ranked model (according to both AICc and 

log-likelihood (LogLik) values on the full dataset for the 

proportion of females that imbibed blood (SI_Table 1). 

We then fit the same set of models over a truncated 

dataset as suggested. We choose to exclude data from 

days 0-4 instead of Days 0-5 as suggested due to the extent 

of mortality at the higher temperatures. When using the 

truncated data set the highest ranking GLMM model (lowest 

AICc) instead contained fixed effect terms for temperature, 

day, the interaction between temperature and day, 

temperature2, and day2. 

 

In the end, even though the best-fitting models differed the model predictions for the GLMM 

analysis on the full vs. truncated data set were very similar (see Inset Figure 1), suggesting that 

the effect of age is not solely due to the initial high feed rates (as age was statistically significant 

in both cases). Further, as females need to feed soon after emergence, we are not surprised that 

initial feeding rates were high across all treatments and then became asynchronous over time, 

likely due to temperature effects on mosquito metabolism. Thus, we decided to include the 

GLMM analysis on the full dataset in the manuscript (revised Figure 1a, SI_Table 1). 

Inset Figure 1. The proportion of females 

that imbibed blood over time. Daily means 

(faded lines), with the GLMM predictions for 

the best-fitting model over the truncated 

dataset (dotted lines), and the GLMM 
predictions for the best-fitting model over the 

full dataset (solid lines). 



  

We also reevaluated the GLMM models for daily egg production using the same approach. 

Again, we felt that using models fit to the full dataset better approximated the observed data 

(revised Figure 1b, SI_Table 2). 

 

The coefficients of the best-fit models are not shown and should be included in supplemental 

table 2.  

 

We agree with reviewer #2. The coefficients for all models are shown in SI_Tables 1, 2. 

However, we have modified SI_Table 3 (previously SI_Table 2) to now contain the coefficients 

of our best fitting model. 

 

Nowhere in the figures are the model fits shown, which is important for model assessment. Fig 

1(a & b) presents a loess line and daily mean values which are uninformative, as the results 

become meaningless when numbers of mosquitoes become small due to mortality. 

 

We agree with Reviewer #2 that the data trends shown with a loess line do not account for the 

changing sample size across day due to mosquito mortality. Thus, we have modified Figure 1a, 

b to show the GLMM model predictions instead of the loess line.  

 

When referring to Fig 1, line 235 should be Figure 1(b) and line 240 should be Figure 1(c).  

 

Correct. These changes have been implemented. We thank Reviewer #2 for catching this error. 

 

1.6.A “relative R0” is calculated, with the biting rate, lifespan and lifetime egg production 

calculated from the collected laboratory data. These were calculated under two scenarios, (1) 

the parameters are estimated from a proportion of the mosquitoes’ lifespan, and (2) from the 

whole lifespan. Non-linear functions (quadratic or Brière) were fit to these parameter estimates. 

In estimating the lifespan from a proportion of the mosquitoes’ life, mortality was estimated from 

only the tail of the survivorship curve (Fig 1a), by fitting an exponential function, which assumes 

a constant mortality. Given a constant mortality rate we would expect an exponential decline in 

survivorship, in the data a relatively straight line is observed, thus potentially indicating the 

observation of senescence. Selecting the tail, where the mortality is greater could explain the 

difference in observed and estimated mortalities in Fig 2(b). The impact of selecting an earlier 

proportion of the mosquitoes’ lifespan to generate mortality estimates is not investigated.  

  

The reviewer makes a good point that what portion of the survival curve is used to estimate daily 

mosquito mortality will result in different temperature – lifespan relationships, and potentially 

temperature-relative R0 relationships for our An. stephensi estimated model. To do this we 

followed the methodology specified in (12) to generate our lifespan estimates (mu-1) as we 

wanted to compare our resulting relative R0 estimated model to theirs. Thus, we feel that 

exploring new methodology for estimating mosquito lifespan is outside the scope of this paper. 

Further, a major strength of using the relative R0 approach is that our predictions for thermal 

suitability are not influenced by these scale differences. Instead, our predictions are shaped by 

the critical thermal limits (Tmin & Tmax), which are very similar between approaches. Thus, we do 

not feel that the methodology used to generate the estimated lifespan values had a large effect on 



our thermal suitability predictions. Finally, we qualify our discussion of implications associated 

with scale differences between estimated and directly observed lifespan with text in the 

limitations section of the manuscript to address the concern about the lab environment not 

translating to the field (SI_Discussion). 

 

This is necessary given that there is limited/no evidence of senescence in wild-caught 

mosquitoes, and suggests that the laboratory environment might be generating results that are 

not observable in the field. This needs to be better investigated, explained and discussed.  

 

Whether senescence occurs in the field or not is an open question due to the logistical difficulties 

in assessing mosquito age. Limited, but compelling evidence suggests that senescence 1) can 

occur rapidly (before or within the time frame for when mosquitoes become infectious (1, 22, 

23)), 2) can be impacted by environmental variation across a diversity of ectotherm systems (24), 

3) could occur in the field despite their shorter lifespans (18, 19, 25), and 4) can have significant 

implications for predictions of transmission if ignored (19, 26, 27).  

 

1.6.2 Figure 2 extrapolates beyond the observable range of data and imposes functional forms 

which have no prior justification. This means that the tails of the distributions are highly 

uncertain, given the importance of these tails on species distribution this needs to be emphasised 

more.  

 

Research investigating physiological limits in mosquitoes, or invertebrates in general, is not 

currently standardized or well-characterized. However, a growing body of literature investigating 

mosquito thermal responses (in addition to other ectotherm taxa) consistently detect the 

unimodal and non-linear nature of these trait-temperature relationships. Further, establishing 

these thresholds experimentally is non-trivial, as these are the physiological limits of 

performance and are inherently hard to measure. This is especially true for adult traits that are 

subject to carry-over effects (SI_Discussion). Thus, we chose to use conservative values (0°C 

and 45°C) to constrain our relationships in the absence of direct measurements and allowed the 

data to ultimately dictate the relationship. However, we do take the reviewer’s point. The 

uncertainty associated with these predicted temperature thresholds is reflected in our credible 

intervals that characterize each temperature-trait relationship and explored in our sensitivity and 

uncertainty analysis (SI_Figures 4, 5). To address this concern, we added text in the Discussion 

(‘clean’ lines 400-403, 384-388) to highlight the uncertainty associated with these estimates. We 

also have emphasized the need for additional basic research characterizing these relationships in 

general, and in the context of field populations as described in previous responses. 

 

For example, in Fig 2(a) it does not appear that biting rate declines from the data points. In a 

mosquito population we would expect biting rate to decline due to mosquito mortality, but at the 

individual mosquito level it is not clear whether a decline in biting rate would be observed.  

 

The authors followed the approach of previous literature to dictate the functional forms imposed 

over the data and the use of a quadratic or Briere was originally informed by the appearance of 

the data means, along with the fits used previously to model each as in (11, 13, 14, 28). 

However, we agree with Reviewer #2 that the use of each functional form should be justified. 

Thus, we have added an additional table to the supplemental information that compares a 



quadratic and Briere fit to the data associated with each trait using DIC values (now SI Table 6). 

As the Tmax of our relative R0(T) models would not be constrained by a positive linear 

relationship for either biting rate or pathogen development rate, we are not concerned about 

potential ramifications of this choice on our thermal suitability predictions. As we now describe 

in the Discussion the Tmax of the An. stephensi models are dictated by either the probability of 

egg to adult survival (pEA) or lifetime egg production (B). 

 

The use of the R0 term is fine when thinking about the malaria theoretically but it becomes 

dangerously misleading when it is incorporated into maps such as Figure 3. 

 

We agree that using relative R0 as a heuristic measure of thermal suitability could be easily 

confused with absolute R0. Throughout the previous version of this manuscript we were very 

careful to not discuss our results in the context of transmission “risk” and focused the discussion 

on transmission “potential”. That being said, to further remedy the potential misinterpretation 

associated with the use of our relative R0 model to the metric R0, we changed the language 

associated with model predictions and mapping to refer specifically to ‘thermal suitability.’  

  

1.7.1 As I understand it, the formulation of R0 makes the assumption that mosquito density is 

determined by the laboratory derived eggs per mosquito and their survival (in the lab). 

Completely missing from this is the availability of suitable breeding sites, which is widely known 

to determine mosquito range. 

 

We agree with Reviewer #2 that the availability of suitable breeding sites among many other 

environmental factors (e.g., nutrition abundance / quality, resource competition, predation, etc.) 

will ultimately influence mosquito density and distribution and have research in this area in 

another system (29). As for all other traits in the model, we are isolating the effect of temperature 

on the life history traits and resulting mosquito abundance. This is precisely the reason that R0(T) 

is relative, rather than absolute, because factors such as availability of breeding sites vary across 

settings and affect mosquito abundance. This point is also mentioned in the Methods (‘clean’ 

line 198) and Discussion (‘clean’ 427-431). The benefit of using relative R0 is that it is a 

conservative estimate of the thermal suitability for transmission to occur. The objective of the 

maps was to visually demonstrate the fact that small changes in the relative R0-temperature 

relationship can translate to large spatial differences in predicted thermal suitability (Methods 

‘clean’ lines 204-207) across the current distribution of An. stephensi in Asia (Methods ‘clean’ 

196-197).   

 

1.7.2 Figure 3 is titled “Mapping of relative R0(T)” which is not the cases as it instead plots the 

number of months where the temperature range is suitable for A. stephensi. In the supplementary 

information (Derivation of R0(T) models) the authors note that a “relative R0” is used, that only 

demonstrates the relative impact of temperature, and should not be interpreted in the traditional 

sense. The authors acknowledge that previous work has described mosquito density as a function 

of both precipitation and temperature, however for this work rainfall was dropped. This is an 

incredibly important caveat and should not be hidden in the SI where most people won’t read it.  

 

We agree with Reviewer #2 that the title associated with Figure 3 could be potentially 

misleading as mentioned in the above comments. We have changed the title of Figure 3 to 



“Mapping of thermal suitability.” To further emphasize that our models are based solely on 

temperature relationships and do not incorporate other sources of environmental variation such 

as precipitation, we removed the use of ‘environmental’ associated with our suitability 

predictions throughout and replaced it with ‘thermal or temperature’ suitability. Further, as the 

removal of precipitation is an important modification to the modeling of mosquito abundance, 

we have added text in the main Methods [‘clean’ lines 137-142] to make this modification more 

readily apparent to readers.  

  

1.7.3 Therefore, Figure 3 is not mapping the reproduction number and explains why results 

suggest malaria should be found in the desert. These are key points which limit the application of 

the results to malaria transmission in the field and should be made clearer in the main text. 

Reference to the “relative R0” should be excluded from the abstract as this is not what is being 

presented and a more appropriate term found and used throughout.  

 

See above responses associated with relative R0 and thermal suitability. The urban type form of 

An. stephensi breeds in man-made containers and watered habitat (cisterns, wells, overhead 

tanks, etc.), so if these are provided in the desert there will be breeding habitat for this mosquito 

vector even when there is limited rainfall. This is precisely why we do not incorporate aridity or 

rainfall maps overlaid with temperature because it could artificially exclude places where people 

live, store water, and where vectors could be present.  We explicitly use ‘thermal suitability’ 

when discussing the relative R0 model outputs in order to clarify this distinction in the main text. 

Text in the Abstract [lines 37-39] was modified to be more explicit in that we are using relative 

R0 as a metric for the thermal suitability of transmission. To maintain transparency and 

consistency with the body of literature that implements this framework we elected to keep the 

use of ‘relative R0.’ 

 

1.8 The “relative R0” parameterised with the collected laboratory data is compared to a 

“relative R0” parameterised from multiple sources (“multi-species model”).  

1.8.1 The attribution of differences between the “multi-species model” and “Anopheles stephensi 

model” to mosquito species is limited by confounding factors, the data used in the “multi-

species” model came from different laboratories and the priors used differed in Plasmodium 

species investigated, with respect to EIP and vector competence. Plasmodium species have been 

demonstrated to differ in development times (with fast and slow developers) (Vaughan, 2007).  

 

We agree with reviewer #2 that there are several potential issues with aggregating data from 

different mosquito-parasite systems in the multi-species model. To be fair, there is a general lack 

of high quality temperature-trait data in general, which is why previous approaches compiled 

data from a variety of sources to generate malaria thermal suitability predictions. Our study 

wanted to explore whether or not models that aggregate data across multiple mosquito-parasite 

systems (generated from different labs, using different mosquito and parasite species / strains) 

produced similar temperature-transmission relationships for a given mosquito-parasite system 

(An. stephensi – P. falciparum), and we find that it does not. It should be noted that the data 

compiled into our An. stephensi models also originates from different research groups including 

the current study (30, 31); however, the same strain of An. stephensi and P. falciparum, as well 

as environmental conditions for rearing, were maintained across these groups. We have built in 

qualifying language to address this concern in the Discussion [‘clean’ lines 431-433], the title of 



the result section (changed from “The relationship between temperature and relative R0 is 

disease system specific” to “The relationship between temperature and relative R0 differs from 

previous estimates”), and the last sentence of our concluding paragraph (Discussion [‘clean’ 

lines 455-448]) to stress careful consideration of the data chosen to integrate into these types of 

models. 

 

To address the issue raised about the priors, we revisited our original analysis again and do agree 

that in the original SI_Figure 1 panel H for parasite development rate (PDR) did indicate that the 

use of these informative priors caused a premature decline in the thermal relationship at the 

warmer end than what we might expect from just using uninformative priors over the data. 

During the revision process we refit PDR using weaker informative priors (e.g., meaning that the 

use of priors would not substantially shift the thermal relationship from that observed from the 

original dataset (see revised SI_Figure 1)). This change resulted in the predicted temperature 

relationship for PDR deviating less from the means of the raw data.  
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Response to Reviewers 

Associate Editor Board Member 

Comments to Author: 

Thank you for revising the MS - I really appreciate the work that you have put into the revision 

and now think this is a really great study. The referee makes some useful points that you should 

consider in a revision, but I am sure you can address them easily. I really enjoyed reading the 

paper and think it will make a major contribution.  

We thank the associate editor board member for their comments. Our responses to the reviewer 

comments are in italic text and changes made to the manuscript are indicated by track changes. 

To address the additional comments in the main text while fulfilling the length requirements for 

Proc B, some additional text was rephrased to be more concise and is also indicated by track 

changes. 

Reviewer(s)' Comments to Author: 

Referee: 2 

Comments to the Author(s). 

Many thanks for the improved manuscript. I agree that laboratory studies are currently necessary 

to separate the effects of temperature from other variables, there are numerous logistical 

challenges involved and consequently we have to rely on the best methods available at the time. 

The discussions around these points are improved, thank you. It is nonetheless important to 

consider the uncertainty involved and extent to which we can draw field-relevant conclusions 

when interpreting laboratory data. I have added some additional considerations. 

Thank you for investigating the impact of synchronous biting, modifying Figure 1 and 

investigating the use of different priors on the temperature-trait relationships – these are 

improvements. 

Further considerations 

1. Line 52 – are the “alterations in mosquito behaviour” you are referring to behavioural

resistance to insecticide? 

Yes. Specifically, we were referring to field studies which have noted a shift in peak feeding times 

for Anopheles species in heavily insecticide treated areas (1) which may render the use of bed 

nets less effective as a contact barrier and as an adulticide. To clarify this point we have added 

the above citation immediately following this statement in the main text [line 50]. 

2. Lines 197 to 206 – the discussion around the use of a relative or absolute R0 is a lot clearer

now, thank you. I do, however, think it should be defined in the first paragraph of the 

Appendix B



“Temperature-dependent transmission potential (R0)” section. Also, this section could be called 

“Temperature-dependent transmission potential (relative R0)”. Given the current situation, the 

use and understanding of the absolute R0 is now widespread outside the scientific community, 

avoiding confusion is therefore vital. 

 

We agree that avoiding confusion between these closely related terms is essential. Thus, we have 

modified the Method section heading to be “Temperature-dependent transmission potential 

(relative R0)” as suggested by the reviewer [line 130]. Further, we have added ‘relative’ before 

R0 [line 131] and modified the sentence on lines 137-138 to define more clearly ‘relative R0’ in 

the first paragraph of this section. The revised sentence with modifications underlined now 

reads; “To evaluate relative R0, we rescaled a common expression for R0 to range between 0 and 

1, which was derived from the Ross-MacDonald model (17,32), initially…”. 

 

3. Lines 291 to 310 – I understand what you mean, but I still feel the findings are being over 

interpreted. 

a. The use of the word “endemic” suggests there is year-round transmission, but actually the 

laboratory mosquito responses suggest that air temperature is suitable year-round for 

transmission to occur, given a number of assumptions. 

 

To be considerate of the important distinction between “endemic” and “thermally-suitable for 

transmission to occur year-round” we have removed the use of “endemic” when discussing the 

mapping products and instead directly refer to them as ‘thermally-suitable for year-round 

transmission” throughout [lines 299, 301, 302, 305, 447, 480, 484], in the SI_Methods, and in 

SI_Table 10. 

 

b. For example, we do not know if/how mosquito behaviour in the field shapes their responses to 

temperature. 

 

The reviewers are correct in that we do not know if mosquito behavior in the field would modify 

their thermal response from that which is measured in a laboratory setting. We have added a 

sentence [lines 430-431] to address this limitation. “For example, it is currently unknown if 

mosquitoes can behaviorally modify their response to temperature in the field.” 

 

4. The discussion around senescence in the field is improved and important (lines 347 to 351). 

For further consideration, whilst senescence has been observed in the field if mosquito lifespan is 

shortened the time over which senescence can impact the observed transmission relevant traits, 

will be less. 



While shortened mosquito lifespans in the field may lessen the impact of senescence on 

transmission relevant traits, it is similarly unclear if senescence could be accelerated in the field 

compared to in the laboratory where mosquitoes cope with additional stressors (e.g., predation) 

that are not present in a controlled setting. Thus, we simply emphasize the need for additional 

research in the field [lines 357-358, and concluding sentence line 449] to refine the impacts of 

mosquito age on transmission relevant traits.  

 

5. The age of the long-standing colony should be included in the main article (not just the 

supplementary information). 

We have added “(~40 years)”to the methods in the main text [line 103] to indicate the age of the 

colony.  
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