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The length and width of the calamus halo matches that of the original published description2 (Fig. 1). Microscopic 
examination revealed past preparation had engraved around the outline of the feather and inadvertently prepared 
away the calamus at some unknown point in the past. Thus, the recovered geochemical halo is a chemical break-
down residue fluorescing immediately beneath the surface of the original carbon or manganese dioxide film.

The feathers are clearly defined in many Archaeopteryx skeletons1. The feather impressions from some of 
the more complete specimens allows for detailed morphologic measurements1,18. The general morphology of 
Archaeopteryx feathers is considered similar to modern birds, allowing cautious comparisons with living taxa1.

As in extant birds, the primaries of Archaeopteryx are characteristically straight and have vane asymmetry19. 
Their straightness does not match the isolated feather and they are also generally more asymmetrically vaned. 
The isolated feather’s identification as a primary feather has also been historically argued against1,7. Archaeopteryx 
lacks a bastard wing (alula)1, so the identification of the isolated feather as an alula feather of Archaeopteryx can 
be excluded.

The isolated feather is also not a tail feather (rectrix) of Archaeopteryx. The distal rectrices of Archaeopteryx 
are extremely long and symmetrical in outline at the tip (eleventh specimen: Fig. 2E of18), two features absent 
in the isolated feather. The isolated feather shares a general asymmetry in outline and rachis position with the 
lateral rectrices, but the curvature of the rachis is too severe in the isolated feather to form the frond pattern seen 
in Archaeopteryx (eleventh specimen: Fig. 2F of18). The tail feathers of the London specimen lack asymmetrical 
vanes, which also contrasts with the morphology of the isolated feather1.

The secondary feathers in the known Archaeopteryx specimens are the closest matches to the general feather 
outline of the isolated feather. Unfortunately, no other feathers stand alone in other Archaeopteryx specimens with 
feather preservation, but measurements of the isolated feather can be compared to the secondaries of the Berlin 
specimen, which preserves the most complete wing feathering of Archaeopteryx1,14. The outline of the isolated 
feather was superimposed onto a version scaled to match the width of the most similar secondary feather in the 
Berlin specimen (Fig. 2). This comparison reveals that the isolated feather is 1/3 shorter than required to scale to 
the secondaries of the Berlin Archaeopteryx wing. Unfortunately, the specimens larger than the Berlin specimen 
(London and Solnhofen) as well as the smallest urvogel (Eichstätt) both have poorly preserved feathering1, so this 
cannot be compared across ontogeny.

A range of secondary feather counts has previously been reconstructed along the ulna of the Berlin specimen 
(ten20, twelve21, fourteen (Fig. 6.18 of1) and twelve to fifteen22), but the reliability of these counts has been ques-
tioned18. Scaling the isolated feather to match the length and spatial overlap in the wing of the Berlin specimen 
(Fig. S7) shows that 7 secondaries could fit along the wing, significantly fewer feathers than past reconstructions. 
If the isolated feather was from a subadult as suggested by Wellnhofer1, then the feather count on the shorter 

Figure 1.  The isolated Archaeopteryx feather, Berlin specimen MB.Av.100. (A) As it looks today under white 
light (see Plates 1 & 5 [Fig. 1] of7, Fig. 1A of8 and Plate 10 of14). (B) Original drawing from 1862 by von Meyer2. 
(C) Laser-Stimulated Fluorescence (LSF) showing the halo of the missing calamus (negative image). See Fig. S2 
for additional images of the main slab, specimen BSP 1869 VIII 1 (‘Munich slab’). Scale bar 1 cm.
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ulna would be even less. As mentioned, this cannot be compared across ontogeny as the largest and smallest 
Archaeopteryx specimens (Solnhofen and Eichstätt) have poorly preserved feathering1. Nevertheless, these data 
raise questions about the fit of the isolated feather to the wing of Archaeopteryx.

The remaining possibilities for the isolated feather are as a covert or a contour feather. However, a determi-
nation is less straightforward. Little is known about the contour feathers of Archaeopteryx, although modern 
contour feathers typically have less robust calami than the isolated feather. As a covert, the isolated feather is very 
different to those of extant birds. In living birds, the secondary coverts attach to the calamus of the secondary 
flight feathers at an angle (Fig. S8). This configuration necessitates a shorter calamus than the primary coverts, 
which are in place alongside the primary feather calamus. The robust calamus of the isolated feather is therefore 
too large for a secondary covert, so this identification is not supported. The most recent analysis of the isolated 
feather considered it to be a primary covert8. The size-normalized calamus-rachis centerlines of primary coverts 
from 24 modern birds, including those of different body sizes, were compared to the isolated feather (Fig. 3). All 
possess a calamus-rachis centerline that curves towards the leading edge of the wing from the centerline of the 
calamus, unlike the rachis centerlines of the other feather types present in the same wing specimens7,19,23,24 (Figs 3, 
S3–S6). This ‘S-shaped’ centerline described here for the first time, appears to be a defining characteristic of pri-
mary coverts across a very broad range of modern species, including the palaeognath tinamou. In contrast, the 
centerline of the isolated Solnhofen feather curves strongly toward the wing’s trailing edge (see blue line in Fig. 3) 
so does not match the morphology of primary coverts in modern birds7,19,23,24.

In summary, the isolated feather is not conformal to known Archaeopteryx specimens as a primary, secondary 
or tail feather. Its preservation as a dark film also differentiates it from all other known specimens1,6. The isolated 
feather as argued here lacks any close morphological connection to the 11 or 12 known Archaeopteryx skeletons 

Figure 2.  Overlay of the isolated feather MB.Av.100 scaled to the same size as the most similar secondary 
feather in the wing of the Berlin Archaeopteryx MB.Av.101. Significant foreshortening of the isolated feather 
does not support its association with Archaeopteryx.

Figure 3.  Size-normalized centerline calamus-rachis traces for the primary coverts of 24 modern birds 
compared to the trace of the isolated feather (Berlin specimen, MB.Av.100). The blue line is the isolated feather’s 
trace whilst the orange line is from the common magpie (Pica pica, Fig. S3) whose wing has been cited as the 
isolated feather’s closest modern match1,7. In brown is the centerline trace from a modern Undulated Tinamou 
(Crypturellus undulatus UWBM 71526, Fig. S4), which belongs to the only groups of extant palaeognaths 
with flight capabilities. The yellow zone represents the area covered by the traces of all 24 measured feathers, 
including a 1.5% error zone allowing for taphonomic flex (see Fig. S1). In all cases the isolated feathers 
centerline is a large departure from modern primary coverts.
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Open Access This article 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 Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article 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 per-
mitted 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/.
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