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LETTER

Reply to Claramunt et al.: Robustness of the Cretaceous 
radiation of crown aves
Shaoyuan Wua,1 , Frank E. Rheindtb , Jin Zhangc, Jiajia Wanga , Lei Zhanga, Cheng Quand , Zhiheng Lie , Min Wange , Feixiang Wue,  
Yanhua Quf,1 , Scott V. Edwardsg,1 , Zhonghe Zhoue,1, and Liang Liuh,1

                                                Claramunt et al. ( 1 ) suggested our dating results ( 2 ) for a 
Cretaceous radiation of crown Aves may be inaccurate due 
to the inappropriate use of fossil calibrations. However, their 
criticisms stem from misinterpretations of fossil evidence 
and misconceptions of clock methodology, rendering their 
arguments baseless.

 Claramunt et al. considered 8 of our 20 minimum bounds 
problematic and proposed alternative values based on differ-
ent fossils, on average ~1.5 times older than ours. In many 
cases, it is debatable which team chose the more appropriate 
fossils as uncertainty surrounds the exact phylogenetic posi-
tion of some of their choices (e.g., Eozygodactylus, Tsidiiyazhi, 
Conflicto ) ( 3   – 5 ). In other cases (e.g., Fregatidae, Sphenisciformes), 
fossils they highlighted likely belong to older stem lineages, as 
we had explained for Fregatidae ( 2 ).

 Ultimately, however, the choice over which set of fossils 
to use is inconsequential to their argument. Claramunt 
et al.’s eight alternative bounds are even older than ours 
and therefore corroborate our original results by pushing 
divergences further back in time. Similarly, their criticism of 
our use of Ichthyornis  (94.3 Ma) as a maximum rather than 
minimum bound for crown Aves is impossible to reconcile 
with their conclusions, because their preferred usage pushes 
our estimates even further into the past. This prediction is 
confirmed by a new MCMCtree ( 6 ) analysis based on their 
eight alternative bounds and Ichthyornis  as a minimum 
bound ( Fig. 1 ).        

 Recent work involving the authors of Claramunt et al. 
employed 86.5 Ma as the maximum bound for crown Aves 
without supporting fossil evidence and included Waimanu  
(60.5 Ma) as the minimum bound for crown Aves ( 7 ), ignoring 
older Cretaceous fossils such as Asteriornis  (66.7 to 66.8 Ma) 
( 8 ) and Vegavis  (68.4 to 69.2 Ma) ( 9 ,  10 ). Furthermore, a recent 
tip-dating analysis of avian fossil data arrived at an expected 
origination of ~100 Mya for major avian crown groups, 
broadly consistent with our results ( 11 ).

 Claramunt et al. conducted a new analysis following the 
calibrations and methods proposed in their previous work 

( 8 ), supporting a post-KPg (Cretaceous-Paleogene Boundary) 
radiation of crown Aves. Yet, their results cannot be repli-
cated: incorporating the calibrations as much as the program 
allowed, we invariably obtained older Cretaceous dates for 
early avian divergences using MCMCtree ( 6 ) ( Fig. 2 ). We con-
cur with Referee 1 of their earlier work ( 8 ), who had warned 
that their “…calibration analyses… are very hard to under-
stand and… impossible to replicate….”        

 Part of the discrepancy surrounding their younger diver-
gences must be attributable to their unorthodox use of fossil 
dates. Our analysis involved time priors with soft bounds 
based on fossil calibrations ( 2 ). In contrast, Claramunt et al. 
used the median of subjectively estimated fossil distributions 
as fixed ages, which, due to the incompleteness of the fossil 
record, cannot be interpreted empirically to define prior 
bounds ( 1 ,  7 ).

 Overall, Claramunt et al.’s conclusions are unsubstantiated 
because they selectively removed key fossil constraints and 
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Fig. 1.   Dated tree of crown Aves, calibrated using MCMCtree (6) and incorporating 20 fossil constraints, including the eight fossil bounds from table 1 of Claramunt 
et al. (1). We set the oldest fossil of Ichthyornithes as the minimum bound for crown Aves, following the suggestion by Claramunt et al. (1). Nodes constrained 
by fossil bounds are marked with violet dots. Species arrangement on the tree aligns with fig. 2 in Wu et al. (2). Note that divergence estimates of early crown 
Aves are older than those proposed by Wu et al. (2), providing further evidence for a Cretaceous radiation of crown Aves.
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artificially altered fossil bounds. In contrast, our results are 
robust, grounded in the appropriate application of fossil con-
straints, and capable of withstanding extensive sensitivity 
tests.  
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Fig. 2.   Dated tree of crown Aves, calibrated using MCMCtree (6) and incorporating 19 fossil constraints. Nodes constrained by fossil bounds are marked with 
violet dots. Species arrangement on the tree aligns with Fig. 2 in Wu et al. (2). Following Claramunt et al. (1), we relaxed the fossil bound previously imposed on 
the node between Palaeognathae and Neognathae (crown Aves). Note that divergence estimates of early crown Aves are older than those proposed by Wu et al. 
(2), providing additional evidence for a Cretaceous radiation of crown Aves. This finding highlights that the dating results of Claramunt et al. (1), which suggest 
a post- KPg radiation of crown Aves, cannot be replicated using standard clock dating methodology, as noted by Referee 1 commenting on their earlier work (7).
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