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ABSTRACT : Micromorphological changes in waterlogged archaeological woods
excavated from Sweden and Germany were investigated. Especially bacterial
attacks on those wood samples under near anaerobic conditions were examined
by transmission electron microscopy(TEM). The major feature of
micromorphological alterations in those wood samples was the pre}erential de-
struction of seconda_rsr' wood cell wall. In contrast, the middle lamella was not ex-
tensively degraded. Three distinct degradation patterns by bacteria were
observed ; erosion, cavitation and tunnelling bacteria. Erosion and cavitation
bacteria attacked primarily Sz layer, whereas tunnelling bacteria made the tun-
nel —like degradation along the Si layer. Tunnelling bacteria, in some samples,
were able to degrade tunnel in the lignin—rich areas, such as middle lamella,
suggesting that these bacteria had the capacity to degrade the lignin.

IR spectra indicate that hemicellulose and cellulose in the waterlogged woods
were preferentially decomposed. Breakdown of the lignin, on the other hand, was

much slower.
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Fig. 1. Tracheid of intact pine wood showing
cell wall layers. Note the dimension of
cell wall layers and hyphae.

Fig. 2. Soft rot cavities in the pine wood.
Hyphae can be seen within the larger

cavities that has formed in the S:

layer.

Fig. 3. Degradation of pine wood tracheids by
a consortium of several bacteria forms
including cavitation(arrow head) and
tunnelling bacteria(arrow),

Fig. 4. Transverse view of secondary cell wall
degraded by cavitation bacteria. Sec-

ondary cell wall was severely attacked,

Fig. 5.

Fig. 6.

whereas middle lamella in quite intact

state. Note the flagella(arrow) sur-
rounding the bacteria.

Degradation of oak wood fiber by cavi-
tation bacteria(arrow) in the secondary
cell wall. Middle lamella is intact,
while S: layer severely degraded.
Transverse view of pine wood samples
latewood tracheid showing attack of
the wall by erosion bacteria. The
erosion bacteria (arrow heads) are seen
attacking the wall from the lumen out-

ward.
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Fig. 7. A group of erosion bacteria attacks tacked by bacteria from the lumen
the secondary cell wall. Degraded area outward. Note the plenty of granulars
shows the granular appearance. Note around the bacteria, suggesting the
the secondary invaders(stars) between degradation product of lignin.
the erosion bacteria. Fig. 12. Relative intact state of borderd pit

Fig. 8. Concentric bands formed by tunnelling ~ pairs, especially resistance of torus, in
bacteria in pine wood. spite of heavily degradation of second-

Fig. 9. Tunnelling in the Si layer of ocak wood ary cell wall.

samples(arrow). Note the cavitation
bacteria(arrow head) with slime layer
just below the Ss layer.
Fig. 10. In some wood samples, middle lamella
was eroded.

Fig. 11. Compression wood of pine wood at-
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Fig. 13. Comparison of IR spectra of degraded
archaeological waterlogged and recent
wood taken

from Pinus sylves-

tris.
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