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Supplementary material and methods

Sampling strategy. The major difference between northern and southern wormholes was noticed early in the study.
Subsequently, effort was made to sample broadly in woodcuts from both regions (hence, most of western Europe),
to better delineate the distributions of the two types. Although woodcuts from popular literature (e.g., chapbooks and
imagerie populaire) were the most productive for wormholes, all woodcuts (or their images) that could be examined
were sampled. Sampling could have proceeded indefinitely, given the large number of woodcuts printed in Europe,
but it was halted after sufficient geographic and temporal coverage was obtained.

Species identification. The species most likely responsible for printed wormholes from northern Europe is the
Common Furniture Beetle, Anobium punctatum, whereas that from southern Europe is the Mediterranean Furniture
Beetle, Oligomerus ptilinoides. Although many species of European insects are wood-borers, eight beetles of the
families Anobiidae and Bostrichidae are among those most likely to cause damage to wooden structures and objects
[1-4]. The two native termites, Reticulitermes santonensis (Rhinotermitidae) and Kalotermes flavicollis
(Kalotermitidae), occur in southern Europe but do not normally infest dry wood objects indoors, preferring damp
(Kalotermes) or rotting (Reticulitermes) wood in outdoor situations. Among the beetles, Coelostethus pertinax and
Xestobium rufovillosum also prefer damp and rotting wood, with the former preferring softwoods such as pine.
Hylotrupes bajulus is another softwood specialist, with elliptical (not round) exit holes. Lyctus brunneus, an
introduced species in Europe, prefers dry hardwoods, and produces exit holes 1-2 mm, similar in size to the northern
printed wormholes. However, it requires wood with pores large enough for its ovipositor (80 um, average diameter),
which excludes the small-pored woods used in most woodblocks: box (35 um), pear (50 um), and apple (40-60 um)
[1, 5, 6]. Ptilinus pectinicornis prefers hardwoods and produces small exit holes 1-2 mm in diameter but usually
confines its attacks to dead trees outdoors and is not known to attack box, pear, or apple [2, 7]. Nicobium castaneum
has similar habits (preferences) to Oligomerus ptilinoides, although it prefers moist and moldy wood and its attacks
on woodwork have been considered minor and unimportant compared with its attacks on paper and libraries [7].
Because of known variation in wormhole size within a species, it is important to analyze a population of wormholes,
and obtain a mean and variance.

Printed wormhole tracks probably were caused by larvae of Oligomerus ptilinoides. Adult beetles do not
normally feed but rather focus on reproduction [1, 4]. Larvae of O. ptilinoides usually follow the grain while
tunneling whereas those of Anobium punctatum usually do not [1, 4]. In nature, following the concentric grain
would be adaptive, keeping the larva in the tree. However, in a woodblock plank, cut through arcs of grain, the same
behavior would cause some tunneling larvae to unintentionally exit the carved surface at a low angle (figure 3b), a
feature of tracks in surviving woodblocks (figure 1d). Alternatively, the tracks may represent collapsed larval
tunnels, close to the surface. The biology of these species also explains the rarity of wormholes in first edition
woodcuts. Larvae hatch within a month, but typically spend 2—4 years tunneling before they pupate [1]. Unless there
was a delay in the initial printing, this would not normally allow enough time for printed flight holes to appear in
first edition prints.

Species distributions. There has been no comprehensive analysis or review of the geographic distributions of
Anobium punctatum or Oligomerus ptilinoides, concerning either their current or historical distributions. Anobium
punctatum is known from several archaeological sites in northern and central Europe [8-10], which establishes it as
a native species, but otherwise does not define its historical distribution in any detail. Fauna Europaea [11] provides
some country-based information and there are 676 museum records for this species currently in the Global
Biodiversity Information Facility (GBIF) database [12]. However, only 10% of the records are pre-1950, and only
six records are pre-20th Century (all six in late 1800s). There are some anecdotal literature records noting the
invasive occurrence of this species [13-15]. The available data are sufficient to derive a current distribution by
country (figure 2c), but are insufficient to reconstruct the pre-invasive, historical distribution as was done here with
wormhole data (Figure 2a). Fewer data are available for Oligomerus ptilinoides. GBIF lists only 44 records [12],
with the earliest being from 1950, and there are notes on its invasive occurrence as well [16]. Again, this is sufficient
to derive a current distribution by country (figure 2d) but not with detail and not with respect to historical changes.



Supplementary Table 1: Summary statistics on printed wormholes, graphed in figure 2:
95% 95%

Cl- ClI-
City Dates Prints Wormholes Mean SDEV MIN MAX SE L H
1. BE: Antwerp 1660- 5 74 1.41 026 072 197 003 135 147
1800
2. BE: Brugge 1740 1 11 146 035 097 220 011 125 168
3. BE: Ghent 1700 2 106 140 036 062 219 0.04 133 147
4. BE: Tournhout 1700- 5 74 1.37 029 069 203 0.03 130 144
1800
5. DK: 1800 3 106 146 032 066 209 003 140 152
Copenhagen
6. DK: Odense 1750 1 100 141 025 090 198 0.02 136 145
7. UK: London 1512- 61 683 1.42 027 082 241 001 140 144
1774
8. FR: Amiens 1700- 1 14 136 021 090 170 0.06 125 147
1799
9. FR: Angers 1800- 2 82 1.47 038 068 226 004 138 155
1899
10. FR: Avranches 1700- 3 35 1.47 022 107 182 004 139 154
1799
11. FR: Chartres 1700- 2 59 143 027 081 220 0.03 136 150
1772
12. FR: Coutances 1800 2 52 138 024 093 203 003 131 145
13. FR: Dunkirk 1700 1 20 145 039 083 214 009 127 163
14. FR: Laval 1650 1 10 1.51 029 111 198 0.09 133 1.69
15. FR: Le Mans 1700- 5 71 148 026 093 208 003 142 154
1814
16. FR: Lorient 1700- 1 16 141 023 112 204 006 130 153
1799
17. FR: Orleans 1789- 7 45 143 030 086 204 004 134 152
1791
18. FR: Quimper 1700- 1 37 135 025 085 18 004 127 143
1799
19. FR: Rouen 1592- 7 29 145 035 068 220 006 132 158
1699
20. FR: Saumur 1800 1 27 1.41 036 085 216 0.07 127 155
21. FR: Strashourg 1485- 24 62 1.42 029 079 206 004 135 150
1720
22. DE: Augsburg 1480- 6 43 1.41 029 063 197 004 133 150
1799
23. DE: Cologne 1568 1 12 143 029 114 206 0.08 127 160
24. DE: Hof 1573 1 13 148 041 071 216 011 125 171
25. DE: Munich 1470 1 11 1.32 016 105 161 005 122 142
26. DE: 1520- 2 15 144 023 118 187 006 132 156
Regensburg 1570
27. NL: 1509- 3 119 146 025 086 213 0.02 142 151
Amsterdam 1603
28. NL: Haarlem 1588 3 31 143 029 070 193 005 133 153
29. NL: Rotterdam 1800 1 15 148 031 103 204 008 132 164
30. SE: Lund 1800 5 66 1.42 033 073 212 004 134 150
31. FR: Avignon 1830 1 25 2.42 034 176 3.04 007 228 255
32. FR: Chalon 1600-
1799 1 12 233 034 191 299 010 213 252



33. FR: Epinal 1820 4 26

34. FR: Foix 1800 1 18
35. FR: Paris 1495-

1635 32 110
36. FR: Poitiers 1700-

1799 1 17
37. FR: Toulouse 1475-

1820 4 21
38. FR: Troyes 1600-

1859 6 49
39: IT: Bassano 1700-

1899 2 28
40. IT: Bologna 1600-

1855 100 261
41. IT: Brescia 1750-

1899 3 115
42. IT: Florence 1475-

1599 6 13
43. IT: Modena 1646-

1752 4 59
44, IT: Padua 1517 1 71
45. IT: Rome 1581-

1627 2 10
46. IT: Venice 1510-

1699 89 310
47. ES: Barcelona 1700-

1899 1 163
48. ES: Manresa 1680 1 32
49. ES: Moia 1669-

1680 4 79
50. CH: Basle 1492-

1628 4 36
51. CH: Yverdon 1650 11 21
Cities with fewer than 10 wormholes examined:
52. DE: Bamberg 1462-

1463 3 3
53. DE: Hamburg 1810-

1820 1 6
54, DE: 1503-
Nuremberg 1560 2 9
55. DE: Ulm 1475-

1498 4 4
56. UK: Glasgow 1840 3 8
57. SE: Vaxjo 1808 1 4
58. FR: Lyon 1671-

1753 5 5
59. IT: Siena 1500-

1606 2 9
60. PT: Evora 1558-

1580 1 4
61. PT: Lisbon 1545-

1587 2 4
62. ES: Valladolid 1532-

1552 4 7

63. CH: Zurich 1560 3 3
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Cities with wormhole tracks but lack of scale precluded measurements:

64. FR: Limoges 1600-

1699 1 (no measurements taken)
65. FR:
Montaubaun c. 1600 1 (no measurements taken)
66. FR: Puy 1600-

1699 1 (no measurements taken)




Supplementary Table 2. Prints examined:

City Date Title, subject, page, or print number Creator Reference

1. Antwerp 1800 Valentyn en oursson Valentine [17, 18]

1. Antwerp 1800 Historie van de vier vroome ridders genaemd ~ Anonymous [18, 19]

de vier hems-kinderen

1. Antwerp 1800 Helias Anonymous [18, 20]

1. Antwerp 1737 Jerusalem Josephus, F. [18, 21]
and A.

Meerbeeck

1. Antwerp 1660 Jan van Parys Anonymous [18, 22]

2. Brugge 1740 Het Dobbel Cabinet Anonymous [18, 23]

3. Ghent 1700 Militaires Anonymous [24]

3. Ghent 1700 S. Anna Tot Botelaer Anonymous [25]

4. Turnhout 1748 Duyvels Dans Anonymous [25]

4. Turnhout 1700 Loterie Spirituelle Anonymous [25]

4. Turnhout 1800 De Verkeerde Wereld Anonymous [25]

4. Turnhout 1700 Hier ziet gy pronken triumphant Anonymous [25]

4. Turnhout 1800 De ce chef-d'oeuvre de la nature Anonymous [25]

5. Copenhagen 1800 L'Imperatrice caterina di Russia E il Sultano ~ Johan Rud [26]

Ahmed IV Turchia
5. Copenhagen 1800 Una iena che nella zona di gauvadan in Johan Rud [26]
Francia ha sbranato molte persone

5. Copenhagen 1800 L'Apparizione di cristo a re christiano IV Johan Rud [26]

6. Odense 1750 O Uomo vieni a vedere il cristo crocifisso P.W. [26]
Brandt

7. London 1512 W. de Worde #410 W. de [27]
Worde

7. London 1518 W. Caxton #346 W. Caxton [27]

7. London 1519 W. de Worde #859 W. de [27]
Worde

7. London 1526 R. Pynson #1933 Richard [27]
Pynson

7. London 1526 R. Pynson #1944 Richard [27]
Pynson

7. London 1526 R. Pynson #1502 Richard [27]
Pynson

7. London 1526 R. Fakes #2028 R. Fakes [27]

7. London 1549 p.1 Coverdale [28]

7. London 1633 p. 9 Gerard [29]

7. London 1633 p. 12 Gerard [29]

7. London 1633 p.21 Gerard [29]

7. London 1633 p. 56 Gerard [29]

7. London 1633 p. 57 Gerard [29]

7. London 1633 p. 147 Gerard [29]

7. London 1633 p. 172 Gerard [29]

7. London 1633 p. 187 Gerard [29]

7. London 1633 p. 404 Gerard [29]
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Sainte-Helene, fig. 33, p. 255
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Gerard
Gerard
Gerard
Gerard
Gerard
Gerard
Gerard
Francis
Grove
Anonymous
Clarke of
Bodnam
Brown &
Norris
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Harley
Deloney
Deloney
Coles
Anonymous
Anonymous
D'Urfrey
Coles

Anonymous

[29]
[29]
[29]
[29]
[29]
[29]
[29]
[30]

[31]
[32]

[32]

[33]
[33]
[33]
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[32]

[39]



9. Angers
9. Angers

10.
10.
10.
11.
11.
12.
12.
13.

14,
15.
15.
15.
15.
15.
16.
17.
17.

17.

17.
17.

17.

18.
19.
19.
19.
19.
19.
19.
19.
20.
21.
21.
21.
21.
21.
21.

21.

21.

21.

Avranches
Avranches
Avranches
Chartres
Chartres
Coutances
Coutances
Dunkirk

Laval
Le Mans
Le Mans
Le Mans
Le Mans
Le Mans
Lorient
Orleans
Orleans

Orleans

Orleans
Orleans

Orleans

Quimper
Rouen
Rouen
Rouen
Rouen
Rouen
Rouen
Rouen
Saumur
Strasbourg
Strasbourg
Strashourg
Strashourg
Strashourg
Strashourg

Strashourg
Strashourg

Strasbourg

1800-1899
1800

1700-1799
1726
1700-1799
1772
1700
1800
1800
1700

1650
1814
1800
1738
1750
1783
1700-1799
1789
after july 1790

1789

1789
8/1790-
12/1791

1790-1791

1700-1799
1592
1592
1592
1592

1600-1699

1600-1699

1600-1699
1800
1577
1577
1577
1577
1577

1485-1529

1485-1529
1485-1529

1485-1529

Scene de Cirque
Saint Honore

Madonna, fig. 1
I'Adoration, fig. 5
Jesus, fig. 9
L'Assomption, p. 13
Les Plaisirs, p. 73
Playing Cards |
Playing Cards Il
Jeu de L'oie, fig. 163

Nuestra Senora Del Pilar de Caragoca, p. 63
La Famille Royal, p. 122
La Liberté des Cultes
Representation
Quatre Guardes du Corps
Le Globe aerostatique, p. 290
Notre Dame, fig. 42, p. 327
A Faut Esperer
Représentation de la Féte de la Fédération du
14 Juillet 1790

Portraits des amis du thiers Mr de Lafayette
General/ de la Milice Parisienne Mr Labe
Gregoire/ Depute de Lorraine
Etat deputez / Aux etats
Portrait de M. des llse

Je Suis Marin. F. Francais / Pour La Vie. Et
Je M'apelle. Jean Bart. A Orleans
Isaac Laquedem, Calzolaio, p. 13

p. 13
p.14
p. 16
p. 176
p. 81
p. 158
p. 215
Chef Vendeen ou Bonaparte, p. 38?
p. 413
p. 420
p. 425
p. 429
p.448
p.50

p65
p79

p82

Guillauine
Pierre
Lesourde
Anonymous
Lecourt
Anonymous
Bridan
Moquet
Anonymous
Anonymous
Emmanuel
Laurenz
Anonymous
Le Loupe
Le Loupe
Anonymous
Anonymous
Portier
Bernar
Letourmy
Letourmy

Letourmy

Letourmy
Letourmy

Letourmy

Anonymous
Aubert
Aubert
Aubert
Aubert
Coste
Coste
Coste
Anonymous
Bock
Bock
Bock
Bock
Bock
Johannes
Cuba
Johannes
Cuba
Johannes
Cuba
Johannes
Cuba

[40]
[40]

[41]
[41]
[41]
[40]
[40]
[41]
[41]
[24]

[40]
[40]
[40]
[40]
[40]
[39]
[39]
[42]
[42]

[42]

[42]
[42]

[42]

[43]
[44]
[44]
[44]
[44]
[45]
[45]
[45]
[40]
[46]
[46]
[46]
[46]
[46]
[47]

[47]
[47]

[47]



21.

21.

21.

21.

21.

21.

21.

21.

21.

21.

21.

21.

21.

21.

21.
21.

21.

21.
21.

21
22.
22.

22.

22

22

26.
26.

Strashourg
Strashourg
Strasbourg
Strasbourg
Strasbourg
Strashourg
Strashourg
Strashourg
Strasbourg
Strasbourg
Strasbourg
Strashourg
Strashourg

Strasbourg

Strashourg
Strashourg

Strasbourg

Strasbourg
Strasbourg

Strashourg
Augsburg
Augsburg

Augsburg

. Augsburg

. Augsburg
23.
24,
25.

Cologne
Hof
Munich

Regensberg
Regensberg

1485-1529

1485-1529

1485-1529

1485-1529

1485-1529

1485-1529

1485-1529

1485-1529

1485-1529

1485-1529

1485-1529

1485-1529

1485-1529

1506

1506
1506

1506

1506
1506

1720
1480
1494

1720

1775-1799

1775-1799
1568
1573
1470

1562
1520-1570

p87
p90
p102
p108
p109
pl12
pl34
p138
pl151
p159
p160
pl72
p236

fig. 620, p355: Le christ menacé de
lapidation devant le portique de Salomon
fig. 625, p. 360: Parabole du fuguier stérile
fig. 627, p. 362: Judas s'entend avec les
grands prétres pour leur livrer Jésus
fig. 632, p. 367: Désespoir de Judas et
Dérision du Christ
fig. 634, p. 369: Jésus devant Hérode
fig. 635,p. 370: Jésus est ramené devant
Pilate
Inri, fig. 20, p. 151
Madonna, fig. 172
Saints Valentine, Stephen, and Maximillian,
fig. 1.20 (p. 38)
A La Memoire du saltimbanque kilian
brustfleck, fig. 92
L'Ogre et la Méchante sorciére, fig. 113

L'Ogre et la Méchante sorciére, Fig. 114
Portrait of a fool, right (p. 408)
Dismemberment, p. 517
La truie des Juifs (Bruckner fig. 22;
Schreiber Katalog 1961; print based on one
from Alsace, now in Munich; printed in
Munich or nearby in southern Germany)

Portrait of a clergyman (p. 517)
Renaissance Piazza (p. 627)

Johannes
Cuba
Johannes
Cuba
Johannes
Cuba
Johannes
Cuba
Johannes
Cuba
Johannes
Cuba
Johannes
Cuba
Johannes
Cuba
Johannes
Cuba
Johannes
Cuba
Johannes
Cuba
Johannes
Cuba
Johannes
Cuba
J. Geiler

J. Geiler
J. Geiler

J. Geiler

J. Geiler
J. Geiler

Nicke
Anonymous
Hans
Burgkmair

Anonymous

Schmidt,
Albrecht.

Hanberg
Pfeilschmidt
Anonymous

Kirchmaier
Loy

[47]
[47]
[47]
[47]
[47]
[47]
[47]
[47]
[47]
[47]
[47]
[47]
[47]
[48, 49]

[48, 49]
[48, 49]

[48, 49]

[48, 49]
[48, 49]

[39]
[50]
[51]

[52]
[52]
[52]
[53]

[53]
[52, 54]

[53]
[53]



217.

217.

217.

28.
28.
28.
29.
30.

30.

30.

30.

30.

31.
32.
33.

33.

33.

33.

34.

35.

35.

35.
35.
35.
35.
35.
35.
35.
35.
35.
35.
35.
35.
35.

Amsterdam

Amsterdam

Amsterdam

Haarlem
Haarlem
Haarlem
Rotterdam
Lund

Lund

Lund
Lund
Lund

Avignon
Chalon
Epinal

Epinal
Epinal
Epinal
Foix
Paris
Paris

Paris
Paris
Paris
Paris
Paris
Paris
Paris
Paris
Paris
Paris
Paris
Paris
Paris

1544

1509-1603

1541

1588
1588
1588
1800
1800

1800

1800

1800

1800

1830
1600-1799
1820

1820

1820

c. 1820

c. 1800

1495-1497

1500

1612-1635
1612-1635
1612-1635
1612-1635
1612-1635
1612-1635
1612-1635
1612-1635
1612-1635
1612-1635
1612-1635
1612-1635
1612-1635

Die vermaerde Coopstadt van Amstelredam

Man van Smarten

De rijke man en de arme Lazarus

Mars in half-length (print 406)
Gillis VVan Breen (print 404)
Pike Bearer (print 401)
Jeu de des, Imite deu Jeude L'Oie (print 165)
Il Mondo alla rovescia (Fig. 99 in Clausen)

Manifesto per L'Esibizione del Cavallerizzo
iacob bates nel parco di dyrehaven (Fig. 110)

Il sacrificio D'lsacco (Fig. 92)
Donna seduta (Fig. 100)
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