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Figure 1. Details of European prints (a, northern; b, southern) showing printed wormholes, and woodblocks (c, northern; d, southern) showing actual wormholes
(scale, 1 : 1). (a) Netherlandish woodcut art print de Rijke Man (1541) by Anthoniszoon (Rijksmuseum). (b) Italian woodcut (1606) by Ramusio (Library of Congress).
(c) Netherlandish woodblock The wedding of Mopsus and Nisa (1566) by Bruegel (Metropolitan Museum of Art). (d ) Bois Protat (1370 – 1380) from Saône-et-Loire,
France (Bibliothèque national de France). Yellow arrows indicate wormhole tracks. Diagrams showing (e) position of typical woodblock (110 mm wide) in log from
hardwood tree, ( f ) cross section showing grain, and the position of tunnels produced by (g) northern and (h) southern woodborers. The wood-boring larvae are
shown in tunnels, and adults are shown emerging from flight holes (wormholes) following pupation.
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(adjusted for scale). Surviving woodblocks in museums, and the

prints themselves, often have real wormholes but they were not

used because the dates and locations of those wormholes are

usually poorly constrained. For later editions, the date recorded

for a printed wormhole was a range between that edition and

the first edition (if known). When reproductions or digital

images of woodcuts were used, care was taken to distinguish

and avoid wormholes in the original paper, evidenced by the

presence of a hole at the corresponding location on the reverse

side (e.g. previous or next page of a book), a tonal difference in

the hole compared with the surrounding uninked area of the

print, or a white hole in an otherwise uninked but coloured por-

tion of the print. Images of different impressions of the same

print were sometimes available and this provided additional evi-

dence. Later editions of prints were used if they were printed in

the same city as the first edition. The likely species responsible

for the wormholes were identified by hole size and shape,

wood preference and species habits (see the electronic

supplementary material).
3. Results
Two different sizes of printed wormholes were observed

(figure 1a,b). Actual wormholes (undated) in surviving

woodblocks (figure 1c,d ) also fell into two size classes. The

round holes are characteristic ‘exit holes’ of beetles, made

when adults emerge from pupation and leave the wood to
reproduce and die during a short interval (one or a few

weeks), whereas tracks (wormhole lines) in the southern

prints and blocks were possibly caused by larvae following

the grain (figure 1e–h; see the electronic supplementary

material). The widths of 3263 printed wormholes and lengths

of 318 tracks were measured in 473 woodcuts spanning five

centuries, 1462–1899 (figure 2a). In woodcuts from northern

cities, holes were small and round, averaging 1.43 mm

in width (0.9–2.2 mm, range; n ¼ 2072), although one

wormhole from London was a track, 1.43 � 3.35 mm. By

contrast, woodcuts from southern cities had larger, round,

holes averaging 2.30 mm (0.93–4.7 mm; n ¼ 1191) and, on

the same woodcuts, 2–22 mm tracks (average, 6.2 mm in

length) of similar width, often meandering, and averaging

2.44 mm in width (1.3–4.0 mm; n ¼ 317). Seventeen per

cent of the southern printed wormholes were tracks.

The 95% CI of the mean (+2 s.e.) for the northern worm-

holes was 1.41–1.44 mm, and for the southern wormholes

(mean ¼ 2.33; n ¼ 1508) it was 2.31–2.35 mm. The 95% popu-

lation interval (+2 s.d.) for the northern wormholes was

0.85–2 mm, and for the southern wormholes it was 1.41–

3.25 mm. Average wormhole diameter showed consistency

within each of the two geographical regions (figure 2a)

suggesting that each corresponded to the distribution of a

single species. Old, plugged wormholes (n ¼ 515) were

measured in one unusually well-preserved sixteenth century
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