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Reviewer Comments & Decisions:  
 

Decision Letter, initial version: 

 

28th March 2023 

 

Dear Dr Salmona 

 

Thank you very much for your enquiry about submitting a manuscript to Nature Ecology & Evolution. 

 

I've now had a chance to discuss your work with my colleagues, and although we think that it sounds 

very interesting, we are still uncertain as to the degree to which the study will be a good fit for the 

journal. 

 

Therefore, we would like to invite you to submit the full manuscript to Nature Ecology & Evolution so 

that we can examine the data before deciding whether to send the paper out to review. 

 

If this is acceptable to you, you can submit the complete manuscript using the link below: 

 

[REDACTED] 

 

If you have any questions, please feel free to contact me. 

 

[REDACTED] 

 

Decision Letter, first revision: 

 

10th January 2024 

 

*Please ensure you delete the link to your author homepage in this e-mail if you wish to forward it to 

your co-authors. 

 

Dear Dr Salmona, 
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Your manuscript entitled "An integrative and generalizable approach to elucidate cryptic diversifications 

sheds light on mouse lemur taxonomy and evolution" has now been seen by three reviewers, whose 

comments are attached. The reviewers have raised a number of concerns which will need to be 

addressed before we can offer publication in Nature Ecology & Evolution. We will therefore need to see 

your responses to the criticisms raised and to some editorial concerns, along with a revised manuscript, 

before we can reach a final decision regarding publication. 

 

While we feel one of the strengths of the paper is its combined exploration of cryptic species & species 

delimitation and evolutionary dynamics (and do not advise you to split the paper up), we agree with 

reviewer 2 that these sections could be better integrated and the importance of what one aspect has to 

say about another could be more clearly described. 

 

We therefore invite you to revise your manuscript taking into account all reviewer and editor 

comments. Please highlight all changes in the manuscript text file. 

 

We are committed to providing a fair and constructive peer-review process. Do not hesitate to contact 

us if there are specific requests from the reviewers that you believe are technically impossible or 

unlikely to yield a meaningful outcome. 

 

When revising your manuscript: 

 

* Include a “Response to reviewers” document detailing, point-by-point, how you addressed each 

reviewer comment. If no action was taken to address a point, you must provide a compelling argument. 

This response will be sent back to the reviewers along with the revised manuscript. 

 

* If you have not done so already please begin to revise your manuscript so that it conforms to our 

Article format instructions at http://www.nature.com/natecolevol/info/final-submission. Refer also to 

any guidelines provided in this letter. 

 

* Include a revised version of any required reporting checklist. It will be available to referees (and, 

potentially, statisticians) to aid in their evaluation if the manuscript goes back for peer review. A revised 

checklist is essential for re-review of the paper. 

 

Please use the link below to submit your revised manuscript and related files: 

 

[REDACTED] 
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Note: This URL links to your confidential home page and associated information about manuscripts you 

may have submitted, or that you are reviewing for us. If you wish to forward this email to co-authors, 

please delete the link to your homepage. 

 

We hope to receive your revised manuscript within four to eight weeks. If you cannot send it within this 

time, please let us know. We will be happy to consider your revision so long as nothing similar has been 

accepted for publication at Nature Ecology & Evolution or published elsewhere. 

 

Nature Ecology & Evolution is committed to improving transparency in authorship. As part of our efforts 

in this direction, we are now requesting that all authors identified as ‘corresponding author’ on 

published papers create and link their Open Researcher and Contributor Identifier (ORCID) with their 

account on the Manuscript Tracking System (MTS), prior to acceptance. ORCID helps the scientific 

community achieve unambiguous attribution of all scholarly contributions. You can create and link your 

ORCID from the home page of the MTS by clicking on ‘Modify my Springer Nature account’. For more 

information please visit please visit www.springernature.com/orcid. 

 

Please do not hesitate to contact me if you have any questions or would like to discuss these revisions 

further. 

 

We look forward to seeing the revised manuscript and thank you for the opportunity to review your 

work. 

 

[REDACTED] 

 

 

Reviewer expertise: 

 

Reviewer #1: statistical genetics and phylogenetic inference 

 

Reviewer #2: cryptic speciation and genetics 

 

Reviewer #3: prosimian systematics, morphometrics and ecology 
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Reviewers' comments: 

 

Reviewer #1 (Remarks to the Author): 

 

In this paper Van Elst assembled and analyzed large sets of genomic, bioclimatic, morphometric, 

behavioural and acoustic data to characterize the diversity in the mouse lemurs (Microcebus), in 

particular to fix the problem of taxonomic inflation in the group. I think a main strength of the paper is 

the amount and diversity of data, and the use of a great many software tools. 

 

I have a few minor comments. I should note that I am not knowledgeable enough to comment on many 

aspects of the paper, and my comments are limited to the analysis of genomic data. 

 

a. The authors identified two well-recognised cases of within-species population structure (instead of 

distinct species) in the group: (i) M. lehilahytsara and M. Mittermeieri, which have been synonymized, 

and (ii) widely distributed populations of M. tavaratra. These are used to generate null distributions, 

with the rationale that a pair of candidate species/hypothesised species/populations showing similar 

population structures, isolation-by-distance patterns, etc. to those two cases should be lumped into one 

species. I suggest that the authors state this analysis framework explicitly in the Introduction, so that 

biologists working on other species may be able to judge whether the same strategy is applicable to 

their own data. Given that the mouse lemurs are very close, this framework may be justifiable. However, 

there may be huge variations in population size, in geographic distributions and overlaps etc., between 

pairs of good species even within the same genus, so that cutoffs identified for one good species may 

not apply to another. 

 

b. The filters used to compile the genomic data are not always clearly described. Some of them seem 

unnecessarily complicated and ritualistic. I have a few examples below. 

 

My other comments are sorted by page. 

 

p.11 l.389- “After removing indels, only sites with a minimum global depth of 10, with a maximum global 

depth of the sum of the 0.995 quantiles of per-individual sequencing depth distributions, and 

represented in at least three individuals, were retained. In addition, sites with a minimum per-individual 

depth lower than two or a maximum per-individual depth larger than the maximum 0.995 quantile of 

per-individual sequencing depth distributions” 

Is “global depth” the sum of read depths over all samples, and if so, over how many samples? The read 

depth seems low, although we do not have a good understanding of how the downstream analysis is 
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affected by low coverage. 

“the maximum 0.995 quantile of per-individual sequencing depth distributions” sounds very 

complicated. 

 

p.13 l.443 “The absence of reciprocal monophyly was considered sufficient evidence for 

synonymization.” 

p.13 l.447 “The presence of individuals with admixed ancestry was considered sufficient evidence for 

synonymization.” 

Perhaps some simple justifications or comments are called for here. Some good species do not show 

reciprocal monophyly, and some good species are involved in gene flow. 

 

p.13 l.455 “we used the gdi only to synonymize (if below 0.25) but not to confirm candidate species.” 

Jackson et al.’s rule of thumb is that “gdi values less than 0.2 suggest that a single species exists”. Here 

the authors used 0.25. Is this because the objective of the paper is to "synonymize" candidate species? 

 

p.13 l.462 “We divided genomic data into contiguous windows containing a fixed number of SNPs …” 

It should be better to use a fixed window size (10kb, 100kb, etc.). Choosing the window size to have a 

fixed number of SNPs complicates the statistic test, although this is a problem with Li & Ralpha (2019). 

 

p.14 l.470 “the average number of nucleotide differences between two individuals (π)” 

Should this be “the average proportion of nucleotide differences”? 

 

p.15 l.519 “by resampling 90% of the data 100 times. Confidence intervals of morphometric overlap…” 

Is this some kind of jackknifing. If so, how do you apply a correction (for the smaller jackknife samples 

than the original data)? 

 

 

 

Reviewer #2 (Remarks to the Author): 

 

This manuscript combines newly-collected genetic data with phenotypic data to provide an integrative 

taxonomy of the mouse lemurs of Madagascar. The study then uses this new taxonomy to understand 

the diversification 

of the mouse lemurs, including their phenotypic evolution, and to propose revised conservation aims. 

 

Overall, this paper was exceptionally well-written. The ideas were well-organized, the flow was coherent 

http://creativecommons.org/licenses/by/4.0/
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throughout, and the language was thoughtful and well-reasoned. Most approaches seem well-

considered and properly implemented. In particular, I enjoyed how the study presents clade-by-clade 

analyses in the Suppl Info & then highlights a few exemplar clades in the main text. 

 

I have a few major comments for consideration. 

 

First, this study felt like two separate papers to me. The section on cryptic species & species delimitation 

felt a bit disconnected from the section on evolutionary dynamics. The study could simply be split in 

two, but I suspect the authors combined these two sections for a reason. So, perhaps instead more 

could be done to discuss how the revised taxonomy influences our interpretation of evolutionary 

dynamics. (The study has started to do this by exploring how the revised taxonomy affects conservation 

priorities.) 

 

Second, the study mentions several times that their taxonomic approach is "novel". For example, in L190 

- 192, they suggest this framework could also be applied to other controversial delimations. I am not 

sure I understand what aspect of it is novel, as most of what they implement is in line with previously 

published approaches. That said, I happen to think novelty is underrated - what is more valuable is to 

implement a method with coherence and rigor, which I think this study does. 

 

Third, if I understood the study's framework correctly, taxonomic units that showed insufficient genomic 

differentiation but had marked phenotypic differentiation would be synonymized. Is this correct? Or 

does this scenario never happen? In either case, it might be help clarifying the logic. 

 

Fourth, I was surprised to see the strict requirement for reciprocal monophyly. One could easily imagine 

a case of restricted geographical introgression leading to non-monophyly. Should these two hybridizing 

species be considered the same species based on this alone? More generally, can the study do more to 

justify why evidence for gene flow is used to argue for synonymization (e.g., no admixed individuals as in 

L445), given extensive evidence that gene flow can occur between "good" species? Perhaps I am 

misunderstanding these criteria, but I would appreciate hearing more about the logic. Importantly, as is 

always going to be the case, sampling is not quite even across species, and some species complexes do 

not appear to have much sampling close to parapatric species boundaries. Is this a valid concern? 

 

Fifth, as an extension of my previous comment, many of these criteria are being used as proxies for 

reproductive isolation - e.g., divergence in mating calls perhaps might influence mate choice. What 

evidence is there - if any - for reproductive barriers between these species? Some of this is buried in the 

SI, but I think it would be useful to unearth this discussion and place it in context of the criteria in Figure 
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1. Such discussion would help this work be in greater dialogue with broader conservations in the 

speciation community. 

 

MINOR NOTES 

- L71: Does the study actually provide new conservation priorities? Given that the taxonomy has not 

formally changed, and given that they make some argument for evolutionary significant units (ESUs), it 

seems like conservation priorities might not have changed at all. 

- L95 - 96: Not clear why primates need special care - perhaps briefly expand or strike? 

- L133 - 136: Accounting for genome-level variation in IBD is a fun idea. I am curious if there are enough 

data given that this study is using RAD data. How many SNPs were found for a given species complex? 

Most RAD studies typically report ~20 - 30K, which would be only 20 or 30 windows. Not an issue - more 

curious. In any case, I recommend that the SI be amended to include the number of SNPs used for 

inference in each species complex. 

- L147: I would recommend in this first major data paragraph mentioning the average number of genetic 

samples (and perhaps unique number of sampling points) per species. 

- L148: Consider briefly mentioning what data were used to construct this phylogeny - the wording 

suggested whole-genome data, but it appears it was RAD? 

- L150: Was delimitation done only pairwise? Imagine a case where A & B form a clade sister to C. If A & 

B were compared & synonymized, is AB now compared to C? 

- L164 - 165: Given evidence that levels of within-taxa IBD can vary significantly across species, can the 

study clarify how a threshold level of IBD was identified? 

- L175: Here, I think it could be useful to explain why M. tavaratra is the appropriate comparison point. 

(See again L483 - 485 - I am curious how it can be so clearly known that something is structure rather 

than speciation.) 

- L177 - 179: Based on what the manuscript said earlier, I assume that these to-be synonymized species 

were originally defined based solely on mtDNA data? It might be helpful to remind the reader that the 

initial evidence for these species being distinct was modest. 

- L187: "cathemeral" -> is this a commonly used term by non-primatologists? I had never heard it 

before! In any case, is there a reason why species with this irregular pattern of activity would be 

relevant? 

- L217: Perhaps briefly mention where the mutation estimate came from, given how central that is to 

these claims. (This could be as simple as saying "We used a mutation rate inferred from pedigree data.") 

- L226: It might be helpful here to explain that the authors chose not to use fossils because of their 

phylogenetic distance. (I assume?) Otherwise, fossils are generally superior to mutation rates ... 

- L262 - 263: This is a fairly non-standard approach so it would be useful to provide a bit more context 

here until the readers can get the full details in the Methods. Also, what is the null expectation? The 

http://creativecommons.org/licenses/by/4.0/
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authors say the correlation is non-significant, but relative to what evolutionary model? 

- L282 - 284: I had trouble squaring this idea of a "neutral process of niche diversification" with the 

discussion in the previous section of niche divergence driving speciation. I am sure this two findings are 

not mutually exclusive, but it would be helpful to put them in context of each other. 

- L284 - 5: Under a neutral process of niche divergence we would expect low overlap? Wouldn't that 

depend on the rate of neutral drift? 

- L287 - 8: I can see the logic of neutral niche divergence linking to neutral theory of community 

assembly, but I think it would be helpful to more explicitly make these connections. 

- L289 - 291: It seems to me that the morphological stasis & niche conservatism could also explain 

principles of community assembly, right? For example, in L299 - 302: perhaps communities are 

phylogenetically overdispersed because of high stasis between closely related species. 

- L289 - 309: This entire section felt superfluous to me, only perhaps because it isn't so strongly 

grounded in data collected in this paper. 

- L311 - 334: How do these different approaches to thinking about species units affect which geographic 

regions are prioritized for conservation? 

- L337: I suggest listing the range of # of inds sampled per species for a given data type. 

- L422: These species were the nominal species, right? 

- L455: How was gdi of 0.25 chosen as a threshold? 

- L602: I would be pretty wary of a diversification analysis on such a small phylogenetic scale - the 

difference in rates is likely to be a false positive, a notorious problem of these methods (see Rabosky & 

Goldberg 2015; 10.1093/sysbio/syu131). 

- L622: I would imagine the correlation across these variables is high - is that an issue for interpretation? 

- L1205: Consider putting a picture of a mouse lemur in this figure. If you work on something cute, might 

as well take advantage. :) 

- L1205: Check spelling of Acoustic in figure. 

- L1225: I was surprised by how young these species splits are - is this typical of these taxa? 

- L1240: The triangles are hard to see - perhaps color could be used instead, given how shallow some of 

these node heights are? 

- Suppl Info: I really enjoyed how the Suppl Info was formatted, with the extra methods immediately 

followed by the figures. It made it much more digestible. Thanks! 

- SI L152: These species by species accounts are very helpful. 

- SI L172: I am not a primatologist, so pardon my ignorance - but let's say a female from Species X has a 

non-overlapping oestrus with a female from Species Y. Does that necessarily mean that a male from 

Species Y won't try to mate with a female from Species X? In other words, I am curious how well the 

non-overlapping oestrus patterns reflect reproduction patterns. 

- SI: On the Figures showing climatic niche (e.g., Fig 7) consider putting the occurrence points on the 

http://creativecommons.org/licenses/by/4.0/
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ENMs so that readers can assess under- and over-fitting. 

 

 

Reviewer #3 (Remarks to the Author): 

 

In this manuscript the authors re-assess the species diversity of the genus Microcebus using a new and 

integrative framework incorporating multiple types of genomic data alongside morphological, 

bioclimatic, reproductive and acoustic data. Their stepwise approach and accompanying flowchart seem 

to be a well-thought-out and appropriate approach that will recognize good species while being 

conservative and avoiding over-inflation. They find that only 19 of the 26 candidate species are 

supported and recommend taxonomic deflation. Further, the manuscript yields important insights on 

phylogeny/paleobiogeography, divergence times and speciation rates, geographic structure of genomic 

and morphological variables, and the pace of evolution (supporting stabilizing selection and a neutral 

process of niche diversification). 

I feel this is a critically important study that has been executed well and presented clearly. Many of us 

are tired of the arguments between splitters and lumpers, and this paper is a tangible and important 

step towards finding meaningful middle ground, and providing a model that could be profitably applied 

to other taxonomic groups. I was impressed and the comments I offer below are relatively minor. 

One larger point I thought could be addressed is the potential stability of the findings in the face of 

future evidence yet to be gathered. For example, what if currently an assessment of a pair of candidate 

species is based on 2 local populations for one species and 3 for another. Will future sampling raising 

this to 3 and 5 be likely to affect the results? Similarly, how about increased morphometric sampling 

from those new sites and new accumulation of other types of data. I know there are various aspects of 

the methods where randomization approaches are used, I think in order to address this issue. But, when 

a geographic range is relatively large and you’re able to do those randomizations only among the 

individuals you’ve sampled from 2 or 3 localities, it wouldn’t accomplish the same thing as truly 

randomly selecting individuals from across the entire geographic range. I wonder if this could be 

addressed or acknowledged. 

 

Line-by-line comments: 

 

60: I rather disagree with the term “behavioural” (see further comments below) and I think it’s clearer if 

split here into reproductive and acoustic data. 

187: lower case for mittermeieri. 

251: Replace dryer with drier. 

303: Is it not a bit contradictory to say “the trait diversity of lemur communities may have relatively 
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ancient origins” just after showing that the entire Microcebus genus is only 1.5 million years old? 

315: I feel “mitigation” is not the right word choice here. Wouldn’t it be better to express that the 

lumping results in a species that is at the same level of endangerment, or a lower level of 

endangerment, than the least endangered of the two candidate species that were lumped? That, to me, 

is the only logical and consistent thing you can say. 

323: The authors refer to “supplementary results and discussion”, yet I only see two supplementary 

files: 1) tables and 2) text and figures. 

373: It is an odd categorization to call everything on this list “Behaviour”. Male testis size is an 

anatomical characteristic, and the others seem more like life history characteristics. Nothing on the list 

feels very behavioural. Fig S32D refers to them as “data on reproductive activity” and Table S15 refer to 

them as “reproductive activity data. In addition, the description in the main text is a bit misleading. For 

example, I would naturally think of “pregnancy” as some kind of length of time, or timing throughout 

the year, but what I see in the supplemental table is simply pregnant or not on a specific day of capture. 

The main text should be clearer. 

486: Lower case for mittermeieri. 

489: lehilahytsara. 

540: NRMSE? 

565: As with previous comment, I feel “behaviour” is not the right heading to use. 

567: oestrus? 

704: I disagree with the tone taken here in the “Conservation reassessment” section and the way it’s 

explained. First, a published article can’t officially “update” an IUCN endangerment status – only an 

IUCN-published assessment can do that. The tone here implies that the authors are doing this. I would 

suggest a re-wording using the wording “new suggested conservation statuses”, or “likely new 

conservation status”. Secondly, looking at Table S10, there is quite a mix of things going on. For M. 

lehilahytsara, Dolch et al already did the reassessment officially; this should be mentioned somewhere 

as a counterpoint to the others, which have not been reassessed. There is also quite a wide range of 

cases. Sometimes (e.g. murinus+ganzhorni+manitatra) it is fairly straightforward: a widespread LC 

species that now has two relatively tiny chunks of habitat added will certainly come out as a LC species. 

However, for simmonsi+boraha, you have an EN species plus a DD species, respectively. Table S10 tells 

us these authors have decided to make it a VU species, with no explanation. Given the (not perfect but) 

quantitative and repeatable IUCN endangerment criteria, this comes across as relatively 

sloppy/arbitrary. I would say there either needs to be justification given for things like this, or the 

authors back off on the proclamations. 

1203: The wording “largely overlapping” in the figure feels a bit arbitrary/qualitative compared to the 

other, more quantitative criteria. Could we be more objective/quantitative? 

1203: Correct “Acoustic” in the figure 
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Decision Letter, second revision:   

 

 16th April 2024 

 

*Please ensure you delete the link to your author homepage in this e-mail if you wish to forward it to 

your co-authors. 

 

Dear Dr Salmona, 

 

Your manuscript entitled "An integrative and generalizable approach to elucidate cryptic diversifications 

sheds light on mouse lemur taxonomy and evolution" has now been seen by the same three reviewers, 

whose comments are attached. It's clear that the manuscript is progressing well, and reviewer 1 signs 

off. Reviewers 2 and 3 are pleased with the revisions but have some more comments that suggest that 

the paper would benefit from a further round of revision before it's accepted for publication. We will 

therefore need to see your responses to the criticisms raised and to some editorial concerns, along with 

a revised manuscript, before we can reach a final decision regarding publication. 

 

We therefore invite you to revise your manuscript taking into account all reviewer and editor 

comments. Please highlight all changes in the manuscript text file. 

 

We are committed to providing a fair and constructive peer-review process. Do not hesitate to contact 

us if there are specific requests from the reviewers that you believe are technically impossible or 

unlikely to yield a meaningful outcome. 

 

When revising your manuscript: 

 

* Include a “Response to reviewers” document detailing, point-by-point, how you addressed each 

reviewer comment. If no action was taken to address a point, you must provide a compelling argument. 

This response will be sent back to the reviewers along with the revised manuscript. 

 

* If you have not done so already please begin to revise your manuscript so that it conforms to our 

Article format instructions at http://www.nature.com/natecolevol/info/final-submission. Refer also to 

any guidelines provided in this letter. 

 

* Include a revised version of any required reporting checklist. It will be available to referees (and, 

http://creativecommons.org/licenses/by/4.0/


 
 

 

41 
 

 

 Open Access This file is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons license, and indicate if changes were made. In the cases where the authors are anonymous, 
such as is the case for the reports of anonymous peer reviewers, author attribution should be to 'Anonymous Referee' followed by a clear 
attribution to the source work. The images or other third party material in this file are included in the article’s Creative Commons license, unless 
indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons license and your intended use is 
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.  

potentially, statisticians) to aid in their evaluation if the manuscript goes back for peer review. A revised 

checklist is essential for re-review of the paper. 

 

Please use the link below to submit your revised manuscript and related files: 

 

[REDACTED] 

 

Note: This URL links to your confidential home page and associated information about manuscripts you 

may have submitted, or that you are reviewing for us. If you wish to forward this email to co-authors, 

please delete the link to your homepage. 

 

We hope to receive your revised manuscript within four to eight weeks. If you cannot send it within this 

time, please let us know. We will be happy to consider your revision so long as nothing similar has been 

accepted for publication at Nature Ecology & Evolution or published elsewhere. 

 

Nature Ecology & Evolution is committed to improving transparency in authorship. As part of our efforts 

in this direction, we are now requesting that all authors identified as ‘corresponding author’ on 

published papers create and link their Open Researcher and Contributor Identifier (ORCID) with their 

account on the Manuscript Tracking System (MTS), prior to acceptance. ORCID helps the scientific 

community achieve unambiguous attribution of all scholarly contributions. You can create and link your 

ORCID from the home page of the MTS by clicking on ‘Modify my Springer Nature account’. For more 

information please visit please visit www.springernature.com/orcid. 

 

Please do not hesitate to contact me if you have any questions or would like to discuss these revisions 

further. 

 

We look forward to seeing the revised manuscript and thank you for the opportunity to review your 

work. 

 

Yours sincerely, 

 

 

[REDACTED] 

 

Reviewer expertise: 
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as before 

 

 

Reviewers' comments: 

 

Reviewer #1 (Remarks to the Author): 

 

I have looked at the revised version of the ms. and the authors’ response to my comments. I think they 

have adequately dealt with my concerns, and I support the publication of the paper in Nature Ecology 

and Evolution. 

 

 

Reviewer #2 (Remarks to the Author): 

 

In this manuscript, van Elst and colleagues define species boundaries in the mouse lemur genus 

Microcebus and then use the revised taxonomy to infer the genus's evolutionary history. This 

manuscript is a revision of a previous submission; I served as a reviewer on the original submission as 

well. In general, I thank the authors for their careful consideration of all points made by me and the 

other reviewers. I think the manuscript is much clearer. I have a few remaining concerns. 

 

1. The use of taxonomically-informed cutoffs needs more explanation earlier in the paper. L151 - L154 is 

a great start, but I wanted to see a clearer explanation earlier in the paper so that readers can interpret 

the findings in context of the authors' approach. (I realize this is a challenge of manuscripts where 

Results come before Methods.) Why M. tavaratra, M. mittermeieri, and M. lehilahytsara are good 

baselines never became that clear to me - especially because the M. tavaratra patterns of IBD do show a 

clear discontinuity. How do the authors know that doesn't reflect an incipient lineage? Is it as simple 

that the authors have the best data for these species? (Note - the authors' argument is very clear in their 

rebuttal. While I don't agree with them, I understand their reasoning. I would have liked to see these 

same arguments made in text, particularly early enough so that the readers understand the logic.) 

 

2. Similarly, the focus on genomic independence (as measured by gdi, IBD, reciprocal monophyly, and no 

admixture) is now better explained in the Methods. But, I think this needs to come earlier. While this 

focus on genomic independence might be sensible for mouse lemurs, it does not make as much sense in 

many other taxonomic contexts. I think justifying this choice early would help the reader. That said, I am 

not sure I understand the authors' argument that we don't expect gene flow in mouse lemurs. Relying 

on patterns in sympatry doesn't quite work, because we cannot see all the attempts at secondary 
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sympatry that failed because the species hybridized to extinction. Similarly, the idea that gene flow 

suggests species aren't distinct seems to assume that gene flow will invariably lead to species 

homogenization. I'm not so sure about that argument -- increasingly, we are seeing that lineages can 

remain distinct under even high levels of gene flow. 

 

3. The authors make a great point that which traits are considered for species delimitation should vary 

based on the taxonomic group being studied. I agree and I would encourage them to add more 

information on why they chose to focus on morphometric measurements, climatic niche overlap, 

reproductive behavior, and acoustic calls for the mouse lemurs. 

 

4. Now that I understand the species delimitation approach, I was able to better parse all the species-by-

species decisions. There are 3 cases that confuse me. First, M. boraha was synonymized even though 

there were no ecological / reproductive / morphological data to identify how differentiated it was from 

M. simmons. I can see the authors' arguments that this is the more conservative approach, but one 

could argue that any change from an existing taxonomy is the less conservative solution. It strikes me as 

premature to collapse the lineages. (It was equally premature to elevate the lineages, to be fair.) 

Second, I would make a similar argument for M. marohita. Third, I wasn't sure why M. murinus North 

wasn't retained as a distinct lineage - it is monophyletic, has high GDI scores, shows no evidence of 

admixture. IBD is inconclusive but it appears to be distinct in climatic space & reproductive behavior. So 

what ultimately led to its collapse? I thought the species only had to be distinct in one trait (as shown by 

the decision tree in Figure 1) - but perhaps I am misunderstanding? 

 

MINOR NOTES 

- L217: I appreciate that a few genes is not ideal, but is it truly fair to call it bad taxonomic practice? 

Given the cost of sequencing - and the inaccessibility of it still to many folks around the globe - requiring 

genomic data might make taxonomy inaccessible for many researchers worldwide. 

- L293 - 296: Do the revised geographic boundaries (for the revised species boundaries) map to steep 

environmental gradients and rivers, as suggested here? 

- L298: Consider briefly discussing here what morphometric traits were analyzed. 

- L352: Were mouse lemurs last to arrive in the communities to which they belong? 

- L538: did the authors test for best-fitting K? If so, I would recommend including that in figures. 

 

 

Reviewer #3 (Remarks to the Author): 

 

This is my second review of this manuscript. 
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In this manuscript the authors re-assess the species diversity of the genus Microcebus using a new and 

integrative framework incorporating multiple types of genomic data alongside morphological, 

bioclimatic, reproductive and acoustic data. As before, I’m impressed by the well-thought-out stepwise 

approach and accompanying flowchart, execution and communication of analyses, and the concise, 

clear writing. I feel this will be an important and well-cited contribution to lemur taxonomy, and is a 

great step in finding the right compromise between lumper and splitter camps. 

I am also very impressed with the great care taken by the authors to respond to my comments, and 

those of the other reviewers. I appreciate both the written response, and the careful revisions made. I’m 

therefore left with little in terms of major comments; below I offer just one conceptual 

question/concern and a short list of minor comments that would improve the manuscript presentation a 

little. 

 

Conceptual Question (and I apologize for not raising this last time): 

In considering the nicely-presented Figure 1, I’m just struck by the fact that of the 8 criteria for testing, 

seven are really quite intrinsic to the species (pair) – four genomic criteria plus morphometry, 

reproductive activity and acoustic communication. The final one, climatic niche, measures something 

external (extrinsic) to the species’ biology, even if you could argue that it tends to cause biological 

adaptations to those conditions. 

I acknowledge that ENM (Ecological Niche Modelling) is a really useful tool in understanding species’ 

ecologies, and in looking at divergence among closely related species. However, Figure 1 tells us that in a 

situation where you have sister populations that are reciprocally monophyletic and show genetic 

divergence and clustering, then even when those two populations don’t diverge in morphometry, 

reproductive activity or acoustic communication, their divergence in ecological niche would lead to 

confirmation as distinct species. 

To perhaps be more clear: consider two test cases A and B in which the pairs had the same degree of 

genomic divergence (high enough to pass the four tests) but were similar in morphometry, reproductive 

schedule and acoustic communication. You’d determine there was a single species in pair A, where the 

two populations occupied similar habitats, but you’d determine there were two species in B, where the 

two population occupied climatically different habitats. 

It occurs to me this is a way that one might erroneously recognize species where you in reality have one 

ecologically flexible species that has colonized multiple habitats in the relatively distant past, remained 

somewhat reproductive isolated, and diverged genetically. This is also a case where sampling would 

matter – especially if sampling didn’t happen in intermediate climatic zones. And, given that species 

differ considerably along the generalist-specialist continuum, this seems like a concern, especially in 

applying this framework to other genera and orders. 

The examples I’m thinking of are the aye-aye (which occupies east and west forests in Madagascar), as 
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well as humans (perhaps an unfair example, but also a primate). 

I feel the authors have thought through these issues more than me. Is the answer here that “well, if the 

gdi is high and other genomic separation is there, then it’s valid”? Or perhaps that Microcebus species 

are more specialized than my two funny examples, so it’s not a fair comparison? I just wanted to offer 

this comment to the authors and the editor; if I’m wrong, perhaps a brief mention of why it’s valid, or 

the errors it could potentially lead to, might be nice. 

 

Line-by-line comments 

97: “increasing unanimity” is a paradoxical term, rather like “more unique” or “less unique”. Suggest 

replacing with “increasing agreement”. 

112: “morphologically static” suggests all species are morphologically identical. Suggest “relatively 

morphologically static? Or “while showing relatively little morphological divergence”? 

124: Replace “Our work does not only shed light on… provides” with “Our work sheds light on the 

taxonomy and diversification of the genus Microcebus, while also providing …” (edit for clarity). 

131: I question whether this first paragraph of the results is best placed here. After coming through the 

introduction, when the reader sees “Results” she/he is ready for results. This is a rather long paragraph 

that feels like discussion and repeats much of what came in the introduction. 

221: I think it’s quite a useful product of this study that it “identified key areas where further sampling is 

necessary”. However, I don’t see it (I think) in the main text. I would prefer this to be more available in 

the main text – not a long treatment, but if there are 2 or 3 places (species pairs) that really could 

benefit from more sampling, I’d mention them right here. 

272: should be “contrasts with”? 

354: I feel “also occupied” would work better than “occupied also”. 

356: Awkward; perhaps “may have served to intensify”? or just “intensified”? 

357: Similarly, suggest replacing “leading to rare co-occurrence” with “resulting in low levels of co-

occurrence…” 

423: Remove “i.e.,” as this is a complete list. 

503: correct spelling, “lehilahytsara” 

616: There is a word missing after “intraspecific”, possibly “variation” – even so, “allows predicting” is an 

awkward phrase too. 

673: Compared with the rest of this section, this feels “rough”. We are given two sentences; the first 

says ‘we checked for differences’ and the second is rather unclear (should be cleaned up) but I believe it 

tells us that lactation and pregnancy were used to count backwards to a putative estrus date (or range 

of dates). I feel this is not the most important piece of the methods, but it should be buttressed a little 

so that we at least understand what goes into the decision of “different” or “same”. 

1326: English readers may not be universally familiar with the term “minuscule”… perhaps just “lower 
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case letters”? If you change, change within supplemental material as well. 

1353: For Fig 4c, am I wrong, or is there a discrepancy between the order of colors in the plot (red, 

green, blue) and the order shown in the legend (blue, red, green)? Better if they match, no? 

 

 

 

 

 

********************END******************** 

 

 

Author Rebuttal, first revision: 

 

Reviewers' comments: 

 

Reviewer #1 (Remarks to the Author): 

 

I have looked at the revised version of the ms. and the authors’ response to my comments. I think they 

have adequately dealt with my concerns, and I support the publication of the paper in Nature Ecology 

and Evolution. 

Reply: We sincerely thank Reviewer #1 for the positive review of our revised manuscript. We appreciate 

the recognition of the effort we put into addressing the comments. The detailed feedback significantly 

improved the manuscript's flow and clarity. 

 

Reviewer #2 (Remarks to the Author): 

 

In this manuscript, van Elst and colleagues define species boundaries in the mouse lemur genus 

Microcebus and then use the revised taxonomy to infer the genus's evolutionary history. This 

manuscript is a revision of a previous submission; I served as a reviewer on the original submission as 

well. In general, I thank the authors for their careful consideration of all points made by me and the 

other reviewers. I think the manuscript is much clearer. I have a few remaining concerns. 
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Reply: We thank Reviewer #2 for the second thorough and positive review. The insightful comments 

have significantly improved the manuscript, and we address below the remaining points which further 

enhance readability and results presentation. 

 

1. The use of taxonomically-informed cutoffs needs more explanation earlier in the paper. L151 - L154 is 

a great start, but I wanted to see a clearer explanation earlier in the paper so that readers can interpret 

the findings in context of the authors' approach. (I realize this is a challenge of manuscripts where 

Results come before Methods.) Why M. tavaratra, M. mittermeieri, and M. lehilahytsara are good 

baselines never became that clear to me - especially because the M. tavaratra patterns of IBD do show a 

clear discontinuity. How do the authors know that doesn't reflect an incipient lineage? Is it as simple 

that the authors have the best data for these species? (Note - the authors' argument is very clear in their 

rebuttal. While I don't agree with them, I understand their reasoning. I would have liked to see these 

same arguments made in text, particularly early enough so that the readers understand the logic.) 

Reply: We thank the reviewer for pointing out that more explanation was still required regarding this 

methodology. Following Reviewer #3’s comment on line 131 and Reviewer #1’s first comment in the 

previous revision round, we now introduce our framework already in the section Main instead of the 

Results and discussion (lines 121-137). There, we also briefly provide the main arguments for our use of 

variation among M. tavaratra/M. lehilahytsara populations to obtain taxonomically-informed cutoffs, 

i.e., that these species comprise both fragmented and continuous populations, that sampling is good, 

and that patterns of gene flow and IBD are well-characterised. We believe that this is an appropriate 

compromise between conveying the main ideas of the approach while not getting lost in detail at this 

point of the manuscript. Nevertheless, we also added a more detailed explanation to the Methods (lines 

554-571, 611-614) as well as the Supplementary methods (lines 1206-1256; Fig. S32). 

With respect to the reviewer’s question regarding potential incipient speciation in M. tavaratra, 

we are aware that the plot of geographic against genetic distances shows a relatively clear discontinuity. 

This can result, for instance, as a consequence of stochastic processes, smaller-scale fragmentation 

effects and/or, as the reviewer suggested, incipient speciation (due to geographic isolation). To 

understand which of these processes most likely explains the discontinuity observed in M. tavaratra, let 

us first clarify that comparisons were labelled as “within” or “between” on the basis of the discontinuity 

in the first place, regardless of associated sampling locality (i.e., k-means clustering was used to identify 

the two groups of comparisons which we labelled as “between” and “within”; we make this clearer now 

in the Supplementary methods; 1207-1215). This was done to obtain a reference for levels of 

discontinuity in IBD that could be observed in a single spatially structured species where we would not 

expect incipient speciation. If allopatric speciation explained the discontinuity, we would expect 
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comparisons labelled as “within” to be geographically clustered, while those labelled as “between” 

would refer to comparisons between such clusters. If we now have a look at the associated sampling 

localities (Fig. 1 herein), we see that “between” comparisons are not restricted to two specific sites but 

rather represent comparisons between several forest patches at varying distances to each other (Fig. 

1a), even though we acknowledge that comparisons involving one of three sampling sites (named X, Y 

and Z in Fig. 1) account for many such data points. In addition, comparisons among these forest patches 

provide several data points labelled as “within” (i.e., “within” comparisons are not only found within 

these forest patches), and this also includes sites X, Y and Z (Fig. 1b). A detailed characterisation of this 

spatial structure is given in Salmona (2015), Aleixo-Pais et al. (2019) and Sgarlata et al. (2019). Taken 

together, the observed genetic structure in M. tavaratra is more complex than what we would expect if 

there was incipient speciation between geographically isolated lineages. Instead, we argue that it can 

best be explained by stochastic processes and (recent) habitat fragmentation across the entire 

distribution of the species.  
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Fig. 1: Geographic representation of pairwise comparisons of M. tavaratra individuals used for the 

analysis of IBD. Edges connect pairs of individuals for which genetic and geographic distances were 

estimated (a: comparisons labelled as “between” and red in Fig. S32c; b: comparisons labelled as 

“within” and blue in Fig. S32c). Although three sampling sites (named X, Y and Z) account for the 

majority of comparisons labelled as “between”, the latter are not restricted to these sites but involve 

several additional forest patches (a). Conversely, comparisons among these forest patches also provide 

several data points labelled as “within”, including the sites X, Y and Z (b). 

 

 

2. Similarly, the focus on genomic independence (as measured by gdi, IBD, reciprocal monophyly, and no 

admixture) is now better explained in the Methods. But, I think this needs to come earlier. While this 

focus on genomic independence might be sensible for mouse lemurs, it does not make as much sense in 

many other taxonomic contexts. I think justifying this choice early would help the reader. That said, I am 

not sure I understand the authors' argument that we don't expect gene flow in mouse lemurs. Relying 

on patterns in sympatry doesn't quite work, because we cannot see all the attempts at secondary 

sympatry that failed because the species hybridized to extinction. Similarly, the idea that gene flow 

suggests species aren't distinct seems to assume that gene flow will invariably lead to species 

homogenization. I'm not so sure about that argument -- increasingly, we are seeing that lineages can 

remain distinct under even high levels of gene flow. 

Reply: We thank the reviewer for raising this point again, which led us to reconsider how to account for 

hybridization/introgression in our framework. As a result, we have now changed the order of genomic 

tests. More specifically, the IBD-based statistical test, which essentially explores whether there is a 

detectable “gap” in the plot of geographic vs genetic distances across genomic loci when considering 

individual comparisons between vs. within candidate lineages, is now the first step in our framework 

(Fig. 1 in main manuscript). In other words, it has priority over the remaining genomic analyses and can 

readily lead to the confirmation of candidates or their synonymisation. This is because we expect on 

average measurably higher genetic distances (at similar geographic distances) between candidate 

individuals than within candidate individuals if these truly represent separately evolving 

metapopulations. Moreover, this test allows for occasional introgression/hybridization as the NRMSE 

distributions integrate data over all genomic windows and individuals (unlike clustering analysis and 

maximum likelihood phylogenetic inference, where a single individual pattern can lead to a strong 

conclusion, i.e., the presence of gene flow and absence of reciprocal monophyly, respectively).  

Let us now consider the three possible outcomes of this test: 
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● Confirmation of candidates as distinct species: When the 0.05 quantiles of the estimated NRMSE 

distributions exceed the threshold (0.95 quantile) of the reference species (M. tavaratra/M. 

lehilahytsara), we confirm the two candidates as distinct species. In other words, the genetic 

distances between candidates are much higher than within candidates, and this can not be 

explained by geography and fragmentation alone. The reframed approach allows for gene flow and 

hybridization even between confirmed species candidates. This is possible because the associated 

analyses of admixed ancestry proportions, or non-reciprocal monophyly, no longer precede the IBD 

test. The genetic distance (or “gap”) required to confirm candidate species and the amount of 

hybridization allowed is eventually modulated by the NRMSE threshold, which is study system-

specific. 

● Synonymisation of candidates: When individuals of different candidates have similar genetic 

distances as those within the same candidate (majority of one NRMSE distribution is below 

threshold), we consider this strong evidence for a genetic cline (simple model of IBD) and therefore 

an intraspecific model. In such cases, we most likely also observe admixture, no reciprocal 

monophyly and low to intermediate gdi. 

● Inconclusiveness: If none of the two above-outcomes are supported, the IBD test is considered 

inconclusive. We therefore follow the flowchart framework downstream (Fig. 1 in main manuscript), 

using heuristics such as a lack of reciprocal monophyly, admixture and low gdi to synonymise 

candidates, and differences in morphometry, climatic niches, acoustic communication and 

reproductive activity to confirm candidates. 

In summary, our framework allows for the presence of gene flow between confirmed candidates if there 

is a clear gap in genetic distances between vs. within candidates (at similar geographic distances). 

Heuristics of genomic independence and additional lines of evidence are only employed (in the way they 

were before) when the test fails to come to a conclusion. This update allows our framework to be 

applicable to study systems with recent or ongoing hybridization. It also no longer precludes the 

possibility of gene flow between Microcebus species. Notably, this change in our framework does not 

change the taxonomic conclusions drawn in this study. We adapted all respective sections and figures in 

the manuscript (lines 201-212, 574-583, 628-648, 1365-1374, 1405-1419; see also species-by-species 

accounts in the Supplementary results and discussion). We also added an illustration of the logic of the 

IBD-based test to the Supplementary methods (lines 1259-1277; Fig. S33). 

 

3. The authors make a great point that which traits are considered for species delimitation should vary 

based on the taxonomic group being studied. I agree, and I would encourage them to add more 
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information on why they chose to focus on morphometric measurements, climatic niche overlap, 

reproductive behavior, and acoustic calls for the mouse lemurs. 

Reply: We thank the reviewer for this suggestion, and we agree that it is an important point that was not 

yet properly covered in our manuscript. Because of the cryptic nature of mouse lemurs and of our 

integrative objectives, we used a holistic approach, considering all available data. However, while there 

are obvious practical reasons to include certain lines of evidence (e.g., coordinates and data on 

morphometry and/or reproductive activity are routinely collected by most researchers during sampling), 

we also believe that consistent differences in these traits are taxonomically informative in mouse lemurs 

for the following reasons: 

● Morphometry: Even though the genus is considered cryptic, quantitative analyses might reveal 

consistent morphometric differences between Microcebus lineages (e.g., Schüßler et al., 2023). Due 

to the apparent lack of morphological variation in Microcebus species, we consider such differences 

(accounting for geographic variation), if accompanied by genomic differentiation, evidence to 

confirm candidate species. 

● Climatic niche: Most described Microcebus species are confined to relatively small geographic areas 

(i.e., micro-endemism, but see M. murinus and M. lehilahytsara). While most allopatric sister 

lineages occupy neighbouring regions and are therefore expected to share most of their climatic 

niche, sister lineages using drastically different bioclimatic niches may be adapted to the latter. We 

therefore consider pronounced differences in climatic niche space, if accompanied by genomic 

differentiation, evidence to confirm candidate species. While climatic niche may be informative, we 

now acknowledge in the manuscript that it has to be integrated carefully (lines 656-658, 718; see 

also conceptual question of reviewer #3). 

● Reproductive activity/acoustic (mating) calls: Such traits are probably the most obvious proxies of 

reproductive isolation because their differentiation can preclude interbreeding and lead to 

speciation. However, we also consider them as potential consequence of divergence. Therefore, we 

treat consistent and pronounced differences in these traits as evidence to confirm candidate 

species, if accompanied by genomic differentiation. Again, conclusions have to be drawn carefully, 

e.g., to avoid over-interpreting slight shifts in reproductive activity, that are due to variation in 

climatic conditions (see, for example, delimitation of M. murinus in Supplementary results and 

discussion; lines 705-706). 

We now mention these considerations in the Methods (lines 664-667, 712-718, 737-741) as we do not 

want to go into these details in the introduction (“Main”) or the Results and discussion section. 
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4. Now that I understand the species delimitation approach, I was able to better parse all the species-by-

species decisions. There are 3 cases that confuse me. First, M. boraha was synonymized even though 

there were no ecological / reproductive / morphological data to identify how differentiated it was from 

M. simmons. I can see the authors' arguments that this is the more conservative approach, but one 

could argue that any change from an existing taxonomy is the less conservative solution. It strikes me as 

premature to collapse the lineages. (It was equally premature to elevate the lineages, to be fair.) 

Second, I would make a similar argument for M. marohita. Third, I wasn't sure why M. murinus North 

wasn't retained as a distinct lineage - it is monophyletic, has high GDI scores, shows no evidence of 

admixture. IBD is inconclusive but it appears to be distinct in climatic space & reproductive behavior. So 

what ultimately led to its collapse? I thought the species only had to be distinct in one trait (as shown by 

the decision tree in Figure 1) - but perhaps I am misunderstanding? 

Reply: We thank the reviewer for the detailed examination of all the species-by-species decisions. 

Indeed, the three cases mentioned here are challenging, and we present our considerations and 

reasoning for each of those in the following: 

● M. boraha - M. simmonsi: The delimitation of M. simmonsi and M. boraha is indeed difficult 

because of the very limited amount of available data that limit genetic analyses and do not allow 

quantification of differences in morphometry, climatic space, reproductive activity and 

communication. If we naively call individuals at Ambodiriana M. simmonsi (as in Poelstra et al. 

2021), admixture analysis and a lack of reciprocal monophyly suggest synonymisation of M. boraha 

(Fig. S11bcd). This is also supported by a continuous pattern of IBD when considering comparisons 

within M. simmonsi and between M. boraha and M. simmonsi (Fig. S11d, bottom), indicating that 

genetic distances can be explained by geographic distribution rather than a speciation event. It is 

true that we no longer observe reciprocal monophyly and mixed clusters if we call Ambodiriana 

individuals M. boraha instead (as indicated by phylogenetic inference; Fig. S11bc). However, we still 

find a relatively continuous IBD pattern (Fig. 2 herein), there is only a comparably small number of 

substitutions separating the two candidates in the phylogeny (Fig. S11b), and we lack sampling to 

test for clinal variation. As we present in the manuscript, our approach aims to be conservative in 

the sense that we only split species that do not show significant discontinuity in patterns of IBD if we 

observe differentiation in genomic data and at least one additional line of evidence (i.e., if we have 

convincing evidence to reject the null hypothesis of a single-species model). Following this logic, we 

indeed consider the description of M. boraha as a distinct species (based on few individuals and six 

loci) premature. We also suggest synonymising M. boraha in the second scenario (i.e., when treating 

Ambodiriana individuals as M. boraha) until more evidence becomes available because the genomic 

differentiation, although detectable, is low and we do not have supporting evidence for 
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differentiation in any other trait (regardless of whether this is due to lack of data). We agree with 

the reviewer that the point can also be made “that any change from an existing taxonomy is the less 

conservative solution”. However, it is arguable whether a species description not strongly grounded 

in data should be considered more valid just because it is associated with a publication. Moreover, 

we aim to consistently delimit species across the genus by applying the same framework and 

considering the same null hypothesis for all candidate groups to overcome previous biases and avoid 

oversplitting. These are the points we would like to make in this publication and the reasons for our 

taxonomic decision regarding these two candidates. 
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Fig. 2: Effects of different labelling of Ambodiriana individuals on patterns of IBD (a: labelled as M. 

simmonsi; b: labelled as M. boraha). Top: Normalised root mean square error (NRMSE) distributions of 

within and between candidate IBD across genomic windows (colour indicates focal taxon for within 

candidate IBD; vertical lines indicate different thresholds for species delimitation); bottom: genome-

wide patterns of IBD in the candidate group. 

 

● M. marohita - M. jollyae: Similar to the case of M. simmonsi and M. boraha, the delimitation of 

M. marohita and M. jollyae is impeded by the very limited amount of available data that do not 

allow quantification of differences in traits other than genetics. In addition, genetic data are 

restricted to two individuals per candidate species. Our decision to synonymise is based on the 

facts that structure within M. gerpi appears earlier than between M. marohita and M. jollyae in 

admixture analysis (Fig. S12c) and that genetic distances between these two candidates are 

similar to those we observe among M. gerpi individuals (Fig. S12d, bottom). This is also indicated 

by the fact that M. jollyae and M. marohita are separated by a similar number of substitutions in 

the phylogeny as the two M. gerpi lineages (Fig. S12b). As mentioned before, our approach aims 

to be conservative in the sense that we only split species when there is convincing evidence (null 

hypothesis of a single-species model). In the case of M. jollyae and M. marohita, the low sample 

size does not allow us to identify clear genomic differentiation (instead, we observe low genetic 

distances between the two candidates, when compared to those found among M. gerpi 

individuals), and we currently have no evidence for differentiation in any other trait (albeit this 

is due to lack of data). Accordingly, we also consider the description of M. marohita as a distinct 

species (based on three individuals and six loci) premature and propose its synonymisation until 

more evidence becomes available. 

● M. murinus (north) - M. murinus (central/south): Our decision to collapse these two lineages is 

based on the following findings. First, although our isolation-by-distance (IBD) test is 

inconclusive, the plot of geographic against genetic distances reveals a relatively continuous 

pattern of IBD when considering comparisons within M. murinus (central), within M. murinus 

(north) and between the central and northern lineage (Fig. S14d), indicating that genetic 

distances can be explained by geographic distribution rather than a speciation event. Second, 

individuals at Bombetoka, which cluster phylogenetically with northern M. murinus (Fig. S14b), 

do show admixed ancestry at a variety of different K (Fig. S14c). In addition, when assuming K=2 

(representing the hypothesis of two distinct species) we also see admixed ancestry in the central 

M. murinus individuals. Following our framework, this would already be considered sufficient 
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evidence for synonymization (considering that the IBD test is inconclusive) regardless of 

differences in climatic space or reproductive behaviour. As a side note, the mean gdi between 

the two lineages is not particularly high and not much different from mean values between M. 

murinus (central) and the southern lineages (Fig. S14e). Third, there is potentially a large 

sampling gap between the northern and central lineages (Fig. S14a), which needs to be 

addressed to exclude the possibility that they present opposite ends of a cline in character 

variation. Branch lengths separating the central from the northern lineage appear comparably 

small when considering the number of substitutions present within the central/southern clade 

(Fig. S14b). Finally, the observed differences in climatic space and reproductive activity can be 

explained by the large distribution of this species, covering almost the entire north-south axis of 

Madagascar. Comparing individuals from the northern end and the more southern part of this 

distribution inevitably results in the detection of differences in climatic space and potentially 

reproductive activity (which can be affected by climate). Again, this highlights the need to 

address sampling gaps, and it is connected to the conceptual question of reviewer #3 (see 

below). That is, additional lines of evidence need to be thoughtfully integrated in a case-by-case 

manner (e.g., by discussing the role of plasticity in explaining variation). We make this point 

clearer now in the manuscript (lines 655-656). For these reasons, we consider M. murinus a 

single species until more evidence becomes available to challenge this conclusion. 

We made adjustments to the species-by-species accounts in the Supplementary results and discussion 

to make our arguments clearer (lines 458-473, 547-556, 720-738). 

 

MINOR NOTES 

- L217: I appreciate that a few genes is not ideal, but is it truly fair to call it bad taxonomic practice? 

Given the cost of sequencing - and the inaccessibility of it still to many folks around the globe - requiring 

genomic data might make taxonomy inaccessible for many researchers worldwide. 

Reply: We thank the reviewer for pointing this out. We agree that keeping taxonomy accessible to 

researchers worldwide is of crucial importance, particularly in light of the taxonomic impediment. We 

also agree that using the term “bad taxonomic practice” might not be appropriate, as species 

descriptions or delimitation decisions can be based on genetics (rather than genomics) if the underlying 

geographic sampling is good and if additional lines of evidence are considered. Following the reviewer’s 

suggestion, we modified the respective sentence (lines 245-247). 
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- L293 - 296: Do the revised geographic boundaries (for the revised species boundaries) map to steep 

environmental gradients and rivers, as suggested here? 

Reply: Indeed, environmental gradients and/or rivers seem to explain the diversification and distribution 

of a number of Microcebus species in Madagascar’s humid rainforests. For example, the distribution of 

M. simmonsi (incl. M. boraha) seems to be limited by the Anove River in the north and the Ivondro River 

in the south (Fig. 11a). Similarly, the Antanaimbala likely is the northern distributional limit for M. 

macarthurii while the Anove River is the southern limit for M. jonahi (Fig. S13a; Schüßler et al. 2020; 

Poelstra et al. 2021). The exact distributional boundary between the two species is not known. Finally, 

the distribution of M. gerpi is separated from that of M. jollyae (incl. M. marohita) by the Mangoro River 

and an elevational gradient towards the Central Highlands (Fig. S12a; van Elst et al., 2023). However, 

environmental gradients and rivers also account for structure within species (van Elst et al., 2023; 

unpublished data). On the other hand, the distribution of M. lehilahytsara does not seem to be limited 

by riverine barriers or elevational gradients (Tiley et al., 2022). Assessing which factors represent 

barriers to gene flow, for which species, and why will require further investigation. In any case, while 

answering this comment, we reconsidered a comment made by the reviewer in the first round of 

revisions concerning the unreliability of diversification rate analyses on small phylogenetic scales. We 

went back to the modeling results of our diversification rate analysis on humid and dry habitats and 

found that support for an equal rates model was almost similarly high (ΔAIC < 2). For this reason, we 

decided to remove this part from the main manuscript (lines 329-337) and, instead, mention in the 

Supplementary results and discussion now (lines 987-1002) that we conducted the analysis but obtain 

inconclusive results. 

 

- L298: Consider briefly discussing here what morphometric traits were analyzed. 

Reply: We thank the reviewer for this suggestion. We agree that this information is of potential interest 

to readers and added this information (lines 346-348). We added a similar mention for the climatic niche 

analysis (lines 363-364). We do not want to go into more detail at these positions as we believe it would 

inflate the section and disrupt the thread of argument.  

While working on this comment, we also noticed that the Methods section still contained a 

remnant of an earlier version of the manuscript. More specifically, we initially conducted the modeling 

of morphometric diversification on two alternative subsets of morphometric variables. This was done to 

explore whether we would obtain congruent results when sampling different morphometric traits, 

which we did. We decided to not include this data exploration in the final version to keep the 

manuscript more concise. However, the Methods section still contained mention of this (while the 
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associated results were no longer part of the manuscript). We removed this mention now (lines 812-

814). 

 

- L352: Were mouse lemurs last to arrive in the communities to which they belong? 

Reply: We appreciate the reviewer's note about our sentence implying mouse lemurs arrived last in 

their communities. As this was not our intended message, we modified the sentence (lines 401-402). 

Indeed, while lemurs underwent successive radiations, the diversification of distantly related lemur 

lineages seems to have largely overlapped in time (Everson et al., 2023). The new sentence now reads 

“as they radiated alongside distantly-related and larger-bodied lemur species”. 

 

- L538: did the authors test for best-fitting K? If so, I would recommend including that in figures. 

Reply: We acknowledge that assessing the best-fitting K is a standard practice in clustering analyses 

(Evanno et al. 2005). However, we opted not to include these analyses in the manuscript for several 

reasons. First, while best-fitting K metrics are valuable for population structure assessment, they do not 

directly allow distinguishing species from populations. Our primary focus in this study is species 

delimitation. Second, the ΔK metric of Evanno et al. does not account for K=1, the scenario where all 

individuals belong to a single population. In fact, the estimation of best-fitting K supports our conclusion 

for species delimitation in all cases except those where we synonymise candidates to a single species. 

Given these considerations, we prioritized presenting the core findings related to species delimitation 

and avoided cluttering the Supplementary Material with potentially misleading information. 

 

Reviewer #3 (Remarks to the Author): 

 

This is my second review of this manuscript. 

In this manuscript the authors re-assess the species diversity of the genus Microcebus using a new and 

integrative framework incorporating multiple types of genomic data alongside morphological, 

bioclimatic, reproductive and acoustic data. As before, I’m impressed by the well-thought-out stepwise 

approach and accompanying flowchart, execution and communication of analyses, and the concise, 

clear writing. I feel this will be an important and well-cited contribution to lemur taxonomy, and is a 

great step in finding the right compromise between lumper and splitter camps. 
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 I am also very impressed with the great care taken by the authors to respond to my comments, 

and those of the other reviewers. I appreciate both the written response, and the careful revisions 

made. I’m therefore left with little in terms of major comments; below I offer just one conceptual 

question/concern and a short list of minor comments that would improve the manuscript presentation a 

little. 

Reply: We thank Reviewer #3 for the second careful and detailed review of our work. We think the 

comments so far have already improved the manuscript significantly, and addressing the points below 

further improved readability and the presentation of our results. 

 

Conceptual Question (and I apologize for not raising this last time): 

In considering the nicely-presented Figure 1, I’m just struck by the fact that of the 8 criteria for testing, 

seven are really quite intrinsic to the species (pair) – four genomic criteria plus morphometry, 

reproductive activity and acoustic communication. The final one, climatic niche, measures something 

external (extrinsic) to the species’ biology, even if you could argue that it tends to cause biological 

adaptations to those conditions. 

I acknowledge that ENM (Ecological Niche Modelling) is a really useful tool in understanding species’ 

ecologies, and in looking at divergence among closely related species. However, Figure 1 tells us that in a 

situation where you have sister populations that are reciprocally monophyletic and show genetic 

divergence and clustering, then even when those two populations don’t diverge in morphometry, 

reproductive activity or acoustic communication, their divergence in ecological niche would lead to 

confirmation as distinct species. 

To perhaps be more clear: consider two test cases A and B in which the pairs had the same degree of 

genomic divergence (high enough to pass the four tests) but were similar in morphometry, reproductive 

schedule and acoustic communication. You’d determine there was a single species in pair A, where the 

two populations occupied similar habitats, but you’d determine there were two species in B, where the 

two population occupied climatically different habitats. 

It occurs to me this is a way that one might erroneously recognize species where you in reality have one 

ecologically flexible species that has colonized multiple habitats in the relatively distant past, remained 

somewhat reproductive isolated, and diverged genetically. This is also a case where sampling would 

matter – especially if sampling didn’t happen in intermediate climatic zones. And, given that species 

differ considerably along the generalist-specialist continuum, this seems like a concern, especially in 

applying this framework to other genera and orders. 
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The examples I’m thinking of are the aye-aye (which occupies east and west forests in Madagascar), as 

well as humans (perhaps an unfair example, but also a primate). 

I feel the authors have thought through these issues more than me. Is the answer here that “well, if the 

gdi is high and other genomic separation is there, then it’s valid”? Or perhaps that Microcebus species 

are more specialized than my two funny examples, so it’s not a fair comparison? I just wanted to offer 

this comment to the authors and the editor; if I’m wrong, perhaps a brief mention of why it’s valid, or 

the errors it could potentially lead to, might be nice. 

Reply: We thank the reviewer for bringing up this important point. We agree that differentiation in 

ecological niche space as a criterion for species delimitation has limitations. In the following, we first 

comment on the two examples mentioned and then come back to the use of differentiation in ENMs for 

species delimitation. 

Concerning the aye-aye, the east-west connectivity of its distribution seems to have been 

broken only very recently (Petter, 1977) and only in certain areas (Rambeloson et al., 2021), from forest 

loss and fragmentation. Furthermore, aye-ayes seem to have very large home ranges and can travel 

unexpectedly long distances per day (Sterling, 1993; Louis, Jr., unpublished data), suggesting that the 

broad distribution of the species has been maintained over time due to a good dispersal ability. We 

therefore expect the aye-aye to exhibit a neat pattern of isolation-by-distance (IBD) potentially 

combined with the effects of past landscape components (e.g., rivers and forest cover; these aspects 

were not treated in the manuscript). Unfortunately, comprehensive sampling and genomic data are 

lacking for the aye-aye. Notably, the niche of the aye-aye does not seem to be climatic (it was almost 

present everywhere in Madagascar), but rather a feeding behaviour niche, similar to that of the 

woodpecker (Boyer et al., 2021), absent in Madagascar (Yamagishi and Eguchi, 1996). While humans are 

a difficult example, bringing up a cosmopolitan species is a valid point. In humans, high dispersal abilities 

have been shown to translate into patterns of IBD (e.g., Relethford 2004), which would likely suggest 

synonymisation of “candidate species” and preclude the use of ENM.  

We integrated ecological niche modelling in our framework because it can potentially serve as a 

proxy for biological/physiological adaptation, as the reviewer pointed out (we mention this now in lines 

712-718). It is increasingly considered for that purpose (e.g., Minoli et al, 2010; Zhang et al., 2014; 

Dagnino et al., 2017). Many described Microcebus species are confined to relatively small geographic 

areas (i.e., micro-endemism, but see M. murinus and M. lehilahytsara), and their climatic niche may 

reveal how much they are adapted to certain climatic conditions. Notably, in the end, ecological niche 

models did not act as a decision maker for delimitation in any of the nine candidate groups but provided 

additional evidence to confirm/interpret decisions based on other/earlier criteria. We decided to retain 

it in the paper for the following reasons. First, we still consider it taxonomically informative (if integrated 
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carefully) and a good illustration of how to include and analyse additional lines of evidence. Second, 

occurrence and bioclimatic data are readily available for most study systems, which is not the case for 

many other lines of evidence. Finally, the problem of intraspecific variation is not confined to ecological 

niche but can also play a role in other traits such as morphology or reproductive activity (e.g., plasticity), 

but if we would like to delimit cryptic species, we eventually need to base our decision on some 

heuristics. These caveats certainly illustrate that it is important to carefully consider which additional 

lines of evidence are appropriate for species delimitation in a given system and to thoughtfully integrate 

them in a case-by-case manner (e.g., by discussing the role of plasticity). To emphasise this, we followed 

Padial et al. (2010) and added that additional lines of evidence can be used to distinguish species if other 

explanations for their differentiation (e.g., plasticity or local adaptation) can be excluded (lines 656-657, 

1376-1377). We also added mention of plasticity and ecological flexibility in the last paragraph of the 

section “An integrative framework for taxonomic re-evaluation”, where we already touched on it before 

(lines 259-260). 

 

Line-by-line comments 

97: “increasing unanimity” is a paradoxical term, rather like “more unique” or “less unique”. Suggest 

replacing with “increasing agreement”. 

Reply: We thank the reviewer for pointing this out. We changed the respective wording (line 104). 

 

112: “morphologically static” suggests all species are morphologically identical. Suggest “relatively 

morphologically static? Or “while showing relatively little morphological divergence”? 

Reply: We thank the reviewer for this suggestion. We changed the respective wording (lines 119-120). 

 

124: Replace “Our work does not only shed light on… provides” with “Our work sheds light on the 

taxonomy and diversification of the genus Microcebus, while also providing …” (edit for clarity). 

Reply: We thank the reviewer for this suggestion. We have changed the respective wording (lines 148-

149). 
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131: I question whether this first paragraph of the results is best placed here. After coming through the 

introduction, when the reader sees “Results” she/he is ready for results. This is a rather long paragraph 

that feels like discussion and repeats much of what came in the introduction. 

Reply: We agree with the reviewer that the paragraph felt misplaced. Our intention was to give the 

reader an understanding of our framework and its main concepts before diving into the Results and 

discussion given that the Methods are placed at the end of Nature Ecology & Evolution publications. As 

the reviewer pointed out, the information given was partially redundant to what was already described 

in the introduction (“Main”). Therefore, we extended the last paragraph of the introduction to present 

the most important ideas and concepts of our framework while not going into too much detail (reviewer 

#2 suggested to convey these ideas relatively early in the paper; lines 121-141) and removed the first 

paragraph of the Results and discussion (lines 155-183; its last sentence was added to lines 267-270). 

 

221: I think it’s quite a useful product of this study that it “identified key areas where further sampling is 

necessary”. However, I don’t see it (I think) in the main text. I would prefer this to be more available in 

the main text – not a long treatment, but if there are 2 or 3 places (species pairs) that really could 

benefit from more sampling, I’d mention them right here. 

Reply: We thank the reviewer for this suggestion, which we also consider an important point to make. 

We have added a mention of this to the main manuscript (lines 252-255). 

 

272: should be “contrasts with”? 

Reply: We thank the reviewer for pointing this out. It has been corrected (line 314). 

 

354: I feel “also occupied” would work better than “occupied also”. 

Reply: We thank the reviewer for this suggestion. The sentence has been modified following the 

comment on line 352 by Reviewer #2 (line 401). 

 

356: Awkward; perhaps “may have served to intensify”? or just “intensified”? 

Reply: We thank the reviewer for this suggestion. We have changed the respective wording (line 403). 
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357: Similarly, suggest replacing “leading to rare co-occurrence” with “resulting in low levels of co-

occurrence…” 

Reply: We thank the reviewer for this suggestion. We have changed the respective wording (line 404). 

 

423: Remove “i.e.,” as this is a complete list. 

Reply: We thank the reviewer for pointing this out. It has been corrected (line 462). 

 

503: correct spelling, “lehilahytsara” 

Reply: We thank the reviewer for pointing this out. The entire section has been rephrased following the 

first comment of Reviewer #2 (lines 552-571). 

 

616: There is a word missing after “intraspecific”, possibly “variation” – even so, “allows predicting” is an 

awkward phrase too. 

Reply: We thank the reviewer for pointing this out. We removed the entire sentence to make this part of 

the Methods more concise as the sentence did not contain much information (lines 671-673). 

 

673: Compared with the rest of this section, this feels “rough”. We are given two sentences; the first 

says ‘we checked for differences’ and the second is rather unclear (should be cleaned up) but I believe it 

tells us that lactation and pregnancy were used to count backwards to a putative estrus date (or range 

of dates). I feel this is not the most important piece of the methods, but it should be buttressed a little 

so that we at least understand what goes into the decision of “different” or “same”. 

Reply: We thank the reviewer for pointing this out and agree that this section contained insufficient 

information. Indeed, pregnancy and lactation were used to obtain a putative timing of oestrus. We 

reworded the entire section, aiming to be more comprehensive as well as precise (lines 737-751; 

corresponding changes were also made to the Supplementary methods at lines 1316-1330). Notably, 

checking for differences in reproductive activity was done qualitatively because the large variation in 

sampling effort/size and timing across candidates made a quantitative assessment difficult. Accordingly, 

in each candidate species comparison, we compare various aspects of reproductive activity (e.g., its 

onset or total duration) while accounting for the quality of the underlying data to conclude whether 
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there is evidence of differentiation or not (see species-by-species accounts in the supplementary 

material). For this reason, we find it difficult to present a general statement of what is considered 

“different” or “same”. However, we added a mention that the comparison was done in a qualitative 

(rather than a quantitative) manner (lines 748-751). 

 

1326: English readers may not be universally familiar with the term “minuscule”… perhaps just “lower 

case letters”? If you change, change within supplemental material as well. 

Reply: We thank the reviewer for this suggestion. We changed the respective wording there and in the 

supplementary material (lines 1395-1397; lines 967, 974 in Supplementary results and discussion). 

 

1353: For Fig 4c, am I wrong, or is there a discrepancy between the order of colors in the plot (red, 

green, blue) and the order shown in the legend (blue, red, green)? Better if they match, no? 

Reply: We thank the reviewer for pointing out this detail. We corrected it (line 1426). 
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Reviewer #2: 
Remarks to the Author: 
This manuscript proposes a framework for delimiting species by integrating genetic and phenotypic 
data. The approach emphasizes identifying geographic discontinuities in differentiation; these 
discontinuities likely indicate species boundaries. The authors apply this framework to revise the 
taxonomy of the mouse lemurs of Madagascar and then use this new taxonomy to understand the 
diversification of the mouse lemurs. 
 
I served as a reviewer of the original submission and the revision, and I find this second revision has 
addressed all my concerns. In particular, even though I disagree with the authors on some of their 
points, their writing clearly presents their logic, and their logic is consistent throughout. I commend the 
authors for presenting such well-considered arguments and for being so amenable to discussion and 
revision through the review process. 
 
My only lingering comment: the authors discuss in their rebuttal that they are aiming to infer a 
"conservative" taxonomy. I understand their rationale. I think it would be helpful to briefly state this in 

http://creativecommons.org/licenses/by/4.0/
https://www.springernature.com/gp/open-research/funding/policy-compliance-faqs
https://www.springernature.com/gp/open-research/plan-s-compliance
https://www.springernature.com/gp/open-research/transformative-journals


 
 

 

70 
 

 

 Open Access This file is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons license, and indicate if changes were made. In the cases where the authors are anonymous, 
such as is the case for the reports of anonymous peer reviewers, author attribution should be to 'Anonymous Referee' followed by a clear 
attribution to the source work. The images or other third party material in this file are included in the article’s Creative Commons license, unless 
indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons license and your intended use is 
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.  

the opening paragraphs of the paper so that readers can understand the decision to synonymize in some 
of the more complicated cases. The language used in the rebuttal to this point was clear -- and perhaps 
can be simply copied-and-pasted into the main text? 
 
I am glad to have reviewed this paper - it challenged me and I learned a lot! 
 
 
 
Reviewer #3: 
Remarks to the Author: 
This is my third review of this manuscript. I continue to be impressed with the quality of the manuscript, 
and the thoughtful responses to reviewers. 
The only substantial issue I raised in my second review was the fact that climatic niche is essentially an 
extrinsic, rather than an intrinsic, characteristic of a species candidate – and the issue of whether this 
could lead to “confirmation” for a species pair that is really a more generalist species able to live in 
differing climates. I am satisfied with the authors’ response to this. It would seem odd to leave it out 
altogether, and the fact that it’s embedded with 7 other types of tests means it’s unlikely to pose a 
problem – and in the case where that variable is the one that makes the difference, researchers can 
examine that issue separately if desired. 
Beyond that, I struggled to find any other faults, and I offer only two suggestions to improve clarity. The 
authors have produced a well-justified and well-written manuscript, which is remarkable given how 
much ground it covers, and I think it will have a meaningful impact on the field. 
 
498: replace “the species” with “this species” to make more clear that you’re referring to M. tavaratra? 
511: replace “species are often structured in space…” with “species often show spatial patterning of 
variation, which can confound species delimitation if ignored or not represented adequately in the 
sampling, we first tested… (otherwise the second part of the sentence refers to a noun - the spatial 
patterning - which wasn’t introduced as such in the first part). 
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