














 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 





 

 

 

 

 

 





 
   

    

    

    

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 



Referee #1 (Remarks to the Author): 

I am satisfied with the revised manuscript. The authors have thoughtfully incorporated 

my key concerns and I think the paper provides an exciting advancement in the field. 

Response: We thank the referee for this supportive comment. 

Referee #2 (Remarks to the Author): 

This revised version of the manuscript is substantially improved; the authors have 

addressed the criticisms of the reviewers in a constructive and collegial spirit. I have 

only a few comments this time (the one dealing with lines 209-214 being the most 

serious), and if these are also addressed I don't think the manuscript will need 

another round of review.  

Response: We appreciate that the referee is happy with our revision. 

Lines 45, 199, 219: "Metaspriginna" should be "Metaspriggina". 

Response: Sorry, this has now been corrected in the text. 

Lines 121-122: "Extended Data Fig. 6k, l)" do not exist! Something has gone wrong 

here.  

Response: This is now corrected. 

Line 146: "show no sign of overlapping" is excessively dramatic and sounds like the 

authors are trying to exaggerate the importance of this observation; "do not 

overlap" would be better. 

Response: This has been rephrased per the suggestion.  

Line 195: "which" is undefined here. Better to end the sentence with "(Fig. 3c-j)." and 

then begin a new one "It is similar..."  

Response: This has been rephrased per the suggestion. 

Lines 209-214: the argumentation is strange in this section. It is neither here nor there 

whether galeaspids have been "surmised" to be the first vertebrates with well-

separated nasal sacs. The case for the dark spots of myllokunmingiids being para/

pineal eyes rather than nasal sacs rests entirely on the POSITIVE evidence 

that they had melanosome-containing retinae as well as lenses. That evidence is 

sufficient on its own, because such structures are never present in nasal sacs but are 

known to occur in the para/pineal organs of living vertebrates, and the position 

of the dark spots in myllokunmingiids is compatible with their identification as 

para/pineal eyes. This identification is not dependent on any argumentation about the 

position or number of nasal sacs in other early vertebrates. I would recommend 

cutting out those arguments 



altogether.  

Response: We have now removed the discussion of nasal sacs of galeaspids 

following the referee’s suggestion. 

 

Line 224: "indicating that" or "suggesting that" would be better than "prompting".  

Response: This is now reworded following the suggestion.  

 

Line 257: "posed" is wrong here; the correct word is "posited".  

Response: This is now corrected. 

 

Lines 300-303: an obvious thought, given their position and orientation, is that the 

para/pineal eyes would detect threats coming from above. The fact that they are smaller 

than the lateral eyes suggests that they had a different and perhaps simpler visual 

function; this is speculative, but you could for example imagine them serving to trigger 

a flight reaction in response to a dark shape passing above, whereas the later eyes would 

be 'seeing' in a conventional sense and allow the animal to navigate its environment.  

Response: We thank the referee for sharing this idea. We have rephrased the relevant 

sentence to highlight the potential functional differentiation between the para/pineal 

and lateral eyes. (see line 299) 

 

Line 418: "continually collected"? Given that the collecting of any particular specimen 

is a brief and discrete action - starting when you find it and ending when you pack it for 

transport home - I don't understand what "continually collected" means. This needs to 

be reworded.  

Response: We have now reworded this sentence to clarify this misunderstanding. The 

specimens in this study, together with thousands of other Chengjiang specimens, were 

collected during fieldwork between 2019 and 2024. (see line 452-455) 

 

Figure 3: why are the lenses in the reconstruction (3b) not shown in the same position as 

in the specimen (3a)? There's no reason to believe that the lenses in the fossil have been 

displaced. The difference matters, because it has functional implications: in the 

reconstruction it looks like the animal is focused on what's going on in front of it, in a 

rather human-like way, but the specimen suggests that the para/pineal eyes looked 

straight upwards and the lateral eyes to the sides. The reconstruction should be 

modified. There's another point as well: looking at the Metaspriggina eyes shown in Fig. 

3s-v, it looks like the para/pineal eyes in this animal are much smaller relative to the 

lateral eyes than in myllokunmingiids. This is an interesting difference, perhaps 

suggesting that Metaspriggina shows a more derived condition, but I don't think it's 

mentioned anywhere in the text.  

Response: We thank the referee for these suggestions. We have now updated the 

reconstruction of Fig. 3b, showing the orientation of lens toward more laterally, 

although it deserves to point out that the orientation of eye lens is not necessarily 

fixed in a lateral direction. In addition, Fig. 3b is a schematic reconstruction designed 

to depict the four camera eyes in Haikouichthys. The authentic, specimen-based 



drawing of the lenses is shown in Fig. 3a. We have now clarified the differences of 

these two reconstructions in the figure legend.  

We thank the referee for pointing out the relatively small size of the median dark 

spots in Metaspriggina; we have now stated this in the text. (see line 218) 

Figure 4: the lens positions should be adjusted in some of these reconstructions as well. 

Lampreys do NOT have stereoscopic vision! Even in Metaspriggina, where the eyes 

are anterior in position, it is not clear from the preserved lens position that the eyes 

looked forwards in the way shown here. In Sacabambaspis, on the other hand, it is clear 

that they did. 

Response: We thank the referee for these suggestions. We have now updated this 

figure following the referee’s suggestions. The schematic reconstructions in this figure 

are designed to highlight differences of para/pineal complex among various clades of 

vertebrates. They are drawn neither to scale nor in strict accordance with original 

positions. We now also clarify this in the figure legend. 

Referee #3 (Remarks to the Author): 

The authors use new specimens to reevaluate the nature of the lateral dark spots in the 

earliest vertbrates from the Chengjioang biota. They show that these spots have 

melanosomes and a lens, suggesting that they are camera-type eyes, with important 

implications for the evolution of vision. The authors have done a nice job responding 

to my comments and the those of the other reviewers.  

Response: We appreciate that the referee is satisfied with our revision. 

I still, however, am not convinced by the ToF-SIMS data. It does show that the fossil 

melanin is distinct from the sediment, but it is also distinct from other melanins, 

including other fossil melanin. Of course, there may be explanations for this pattern, 

but it should not be considered strong evidence of presence of melanin. Indeed, if this 

was the only evidence of the presence of melanin (which it is not), it would not be 

acceptable. I recommend straightforwardly acknowledging the uncertainty of these 

results, but pointing out that it is secondary to the morphological evidence.  

Response: We agree with the referee that the ToF-SIMS data should not be used as 

the sole evidence to verify the presence of melanin. Following the referee’s 

suggestions, we have now edited the relevant text in the manuscript to clarify that the 

ToF-SIMS results are supportive of our morphological evidence (see line 123-142). 

other small point:  

L36: Darwins’->Darwin’s 

Response: Sorry, this is now corrected. 
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