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The article presents the results of a test on #séstance of Neolithic waterlogged
beech wood (Fagus sylvatica L.) to destruction byterranean Reticulitermes
lucifugus Rossi. Methodology consistent with the M® 3345-08 Standard was
applied in the experiment. In the coercion test, thedern beech wood was
destroyed at an intermediate stage between lighcktand moderate attack with
penetration, whereas the pine sapwood was heasiyadied. Under the same
conditions, the waterlogged beech wood was serodamaged or completely
destroyed by the termites. However, unlike the mogdera and beech wood, all
the termites died after feeding on the waterloggedch wood. In spite of the
complete destruction of the waterlogged beech wodbé coercion test, it seems
that under natural conditions where there is a [jasschoice between different
wood species, the infestation by termites of waggdd wood uncovered in
archaeological work does not necessarily happen.odVaontaining few

nutritional substances and substantial lignin, asllvas having a high moisture
content facilitating the development of parasitic macganisms, will deter

termites.
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Introduction

The natural resistance of different wood speciedestruction by termites has
long been of interest. There are some species ffnica, Asia and South
America, whose heartwood is relatively resistanttéomite feeding [Unger
1978]. The impact of various chemical substancesasoed in the heartwood of
those species on termites was examined a relativaly time ago [Becker et
Petrowitz 1971, Becker et al. 1972]. In the last f&ars, the natural resistance
of various wood species used economicallirica [Ncube et al. 2012], India
[Rashmi, Sundararaj 2013], South America [Gon¢caReralt et al. 2004&4nd
the USA (wood from Alaska) has been tested [Gratanamoto 1994]. In
addition, the natural resistance of different wepédciesand alternative forestry
in Hawaii [Grace et al. 1996], as well as of sonmeekican wood species used in
plate production [Kard et al. 2007], was the subjefcresearch. The natural
resistance to termite attack of different Europspecies has also been of high
interest [Schultze-Dewitz G. 1958]. It is assumkdwever, that all European
wood species of economic significance require champrotection against
termites [Unger 1978].

Among the factors influencing termite feeding inr@ae, more attention has
been paid to wood carbonization [Becker 1974, Beteet al. 2008, Duarte et
al. 2012] and fungal decomposition [Becker 19657419Schultze-Dewitz et
Unger 1972, Unger 1973].

The objective of the present study was to deterntirge susceptibility of
Neolithic waterlogged beech woad destructiorby termites. The first step of
the experiment was an obligatory test. The damagedterlogged wood by
termites could be a problem in the near futti@. many years, there have been
reports concerning the occurrence of termites fi@sioutside the continuous
range of those insects in southern and south-we&arope [Weidner 1954,
Becker 1970, Becker, Kny 1977, Sellenschlo 1988]rdcent decades, world-
wide trade has increased heavily, enhancing thsilpitty of the spread of
various insect species, including termites. Ifsittiue that the earth is to face
global warming of 1.1-6.4 degrees Celsius durirg 2thst century, it raises the
guestion whether insular populations of termitedl gpread to north-eastern
parts of the continent. Wood uncovered at archaggwdb sites has not so far
been exposed to significant destruction by natisedéts, even if it has remained
at the site for a long time. Due to climate chaagd the expanding range of
maritime borers, the Baltic Sea States Heritaggnamame was implemented.
With the possibility of the wider dispersal of tetaes, will the wood uncovered
at archaeological sites be at risk from those ts§e€he experiments performed
in this research are an attempt to answer thistipnes
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Materials and methods

The material used for the research was a veryditrstmount of Neolithic beech
wood (dated around 3000 B.C.) taken from Zedmatupailduring archaeolo-
gical work conducted by the Institute of Archaeglogt the University of

Warsaw, at Szczepanki, Site 8, in the summer o7 200e wood was located
65—67 metres below the surface, in black and brpgat of high humidity and
with low access to oxygen. It was delivered to lhigoratory several months
after excavation and was kept under conditionsgeng overdrying. Until the

experiment took place in summer 2012, the wood ket in the laboratory,

frozen in a polybag.

Biological tests were executed according to the MIY 3345-08 Standard
[2009]. The frozen wood was cut into samples méag®s.4x 25.4x% 6.4 mm.
One group of samples was dried to a moisture corteapprox. 8% (freeze
drying was applied), while the other was left “wdté. with a moisture content
of approx. 500%.

5 samples of each group were used. Another grodpsaimples was taken
from modern beech wood taken from 3 trees. Thetliogroup consisted of
5 samples of pine sapwood taken frofiBus sylvestrig.. trees.

Each sample, accordingly to ASTM D 3345-08 [200@fas placed
separately on the bottom of a glass container wittolume of 450 ml and
covered with 200 grams of white sand. The sand seasened, washed and
heatsterilized. The saturation point of the sarsteminined empirically, was
reduced by 7%. The amount of distilled water, daledl in this way, was used
to moisten the sand in the testing containers. drtlg deviation from the norm
was the lack of benzalkonium chloride solution msatiseptic.

In each of the above-described containers, 1 +35 @. of Reticulitermes
lucifugus Rossi (Rhinotermitidae, Isoptera) termites weracetl. Reticu-
literemesis an ecologically and economically important genef termites
[Vargo, Hussender 2009]. According to Dominik artdr8yk [2004], the most
widespread termite species in EuropeRislucifugus Pseudergates constituted
approx. 90% of all the termites in each contairidre containers with the
termites and wood samples were kept for ca. 4 weamkicubators, at
a temperature of 27 degrees Celsius. The waterepésnished weekly.

After four weeks, the approximate termite mortaliiyas determined,
according to ASTM D 3345-08 [2009], as follows:ghli: 0—-33%; moderate:
34—-66%; heavy: 67—99%; complete: 100%.

The level of sample damage was classified baseal wigual rating system
and photos from ASTM D 3345-08 [2009], i.e.: 10 eumsd, surface nibbles
permitted, 9 — light attack, 7 — moderate attadngtration, 4 — heavy, 0 —
failure. In ambiguous cases, a medial grade wasdnothe average wood
damage level was calculated for each experimemniar
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The significance of the differences between thaane results obtained in
the experiment was verified statistically. The #igance of the difference
between the average levels of wood damage in eagant of the experiment
was assessed using Chebyshev's inequality. Eaehtlimabsolute value of the
difference between the arithmetic means of woodadgnievels in two variants
of the experiment was higher than or equal to timetvalue of the standard
error of the difference between the average woodade levels, i.e.:

D(l—_XZDZ 3[8‘(X1 —_Xz)
where:
“x, — arithmetic average from one variant of the expent (e.g. Neolithic
waterlogged wood)
X, — arithmetic average from other variant of the ezpent (e.g. modern
wood)
the difference between the arithmetic means wassidered as significant.
Otherwise, it was considered accidental.

The wood from each group of samples which had manbused for the
termite experiment served to examine the chemicatent. The cellulose
content was designated using the Kirschner — Haféthod. The holocellulose
content was tested using the Tappi method, withaigips typically used for
cellulose content designation according to the £roBevan method. The lignin
content was examined using UV-Vis spectrophotomelihye wood was also
tested for ash content using standard procedures.

Results and discussion

The procedure of the ASTM D 3345-08 [2009] stand#sed in the experiment
made it possible to reduce the amount of wood &g and to shorten the
period of the test 2 times in comparison to theENN117:2005 [2005] standard.
The moisture content of the Neolithic beech woodcivihad been freeze-dried
equalled 290% (+/— 40%) after the biological tegiile the moisture content of
the modern wood equalled on average ca. 90% (+%)4The Neolithic beech
wood which had not been subject to freeze-dryind ha average moisture
content of approx. 520% after the biological td$te sand on the bottom of the
laboratory glass used in the experiment had a meistontent of ca. 10% after 4
weeks of the test.

The results of the biological test, as well as ¢hemical examination, are
shown in table 1. The results of the statisticaifieation of the results obtained
in the tests are shown in table 2.
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Table 1. Level of wood damage, termite mortality ad chemical content of wood in
different variants of the experiment. (WNB — waterbgged Neolithic beech wood wet
at the start of the study; FDNB — freeze-dried Nedhic beech wood)

Tvpe of wood Degree of Average Approximate Content of cellulose,
yp damage of wood 9 pproxi holocellulose, lignin,
and sample degree of termite h

samples — . extractives and ash
number . . damage mortality ;
visually rating in wood
WNB
1 0/4=2 complete
2 0/4=2 complete
3 0/4=2 2 complete
4 0/4=2 complete cellulose 8.0
_ holocellulose 28.1
5 0/4=2 complete lignin 52.6
FDNB extractives 1.76
1 0 complete ash 3.4
2 0 complete
3 0 0 complete
4 0 complete
5 0 complete
Beech — buk —
1 9/7=8 slight cellulose 52.6
2 7 slight holocellulose 87.2
— - lignin 15.4
3 9r=8 7.8 slight extractives 0.7
4 9/7=8 slight ash 0.81
5 9/7=8 slight
Pine — sosna
1 0/4=2 slight cellulose 49.8
2 0/4=2 slight holocellulose 75.9
: lignin 29.4
3 0 1.6 slight extractives 2.89
4 4 slight ash 0.41
5 0 slight

WNB — waterlogged Neolithic beech wood wet at tlzetsif the study
FDNB - freeze-driedNeolithic beech wood
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Table 2. Statistical verification of the results okained in the tests (WNB -
waterlogged Neolithic beech wood wet at the startfahe study; FDNB — freeze-
dried Neolithic beech wood)

Type of wood [¥,-%,| |Comparisor] 3-8(X1-X2) Statlst:)cfarle\éirllgatlon
FDNB and WNB 0 = 0 significant difference
WNB and beech 5.8 > 0.6 significant difference
FDNB and beech 7.8 > 0.6 significant difference

beech and pine 6.2 > 2.3 significant difference

FDNB and pine 0.4 < 2.2 negligible difference

WNB and pine 1.6 < 2.2 negligible difference

WNB — waterlogged Neolithic beech wood wet at ttaetof the study
FDNB - freeze-dried\eolithic beech wood

As a result of the coercion test, the Neolithicdieeood was completely or
almost completely destroyed, and all the termiies dfter 4 weeks of feeding.
The modern beech wood was damaged by the termitasriuch lower degree,
as it provided more polysaccharides with no needsteh intensive drilling.
Termite mortality was insignificant in this casenelbeech sapwood was very
heavily damaged, to a similar degree to the Neolitleech wood, yet termite
mortality was comparably insignificant as in theeaf the modern beech wood.

The feeding attractiveness of wood to termitegiated to the wood species
and part of the trunk [Schultze-Dewitz 1958, BeokePetrowitz 1971, Becker
et al. 1972, Grace, Yamamoto 1994, Grace et al6]199pe and level of
decomposition, as well as the species and thenstodi fungi causing
decomposition [Becker 1965, Schulze—Dewitz, Un@&t2l Unger 1975]. While
the influence of fungal wood decomposition to teenfeeding has already been
the subject of research [Becker 1965, Schulze—DRewinger 1972, Unger
1973], no work have been found concerning wateddggood degradation by
abiotic factors or bacteria. The high moisture eahtof waterlogged wood in
situ also points to a high level of cellulose delgition [Hoffmann 1982] which
is also the case in the present study. As a rexdulitrong polysaccharide
reduction in Neolithic wood, the termites were digghwith a low quantity of
nutritional substances. The relative lignin contienthe Neolithic beech wood
was much higher than in the pine sapwood (by 808d)ia the modern beech
(by as much as 140%). It is believed that the tesuthe decomposition of
phenolic compounds in lignin may, in some technialalgprocesses, inhibit
wood biodegradation factors [Kartal et al. 2004]the research carried out by
Shanbhag and Sudararai [2013], significant coimelaivas found between the
density, cellulose, lignin, and total phenolic @nis of the wood and its
degradation by termites. The higher the densityhef wood, the lower the
degradation. Similarly, a higher amount of lignindatotal phenolic contents
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ensured a higher resistance, whereas cellulosesdrérmites towards the wood.
Duarte et al. [2012] proved that thermally- modifiwood is more absorptive
and could enhance termite colonization. In the ystafl Thermally modified
timber (TMT) according to the PN-EN 117:2005 [208&ndard with use of R.
grassei termites, the mass loss of beech wood W8&6 &ver 8 weeks.

During ca. 150 million years of evolution, termiteave developed an
optimal way of using symbionts in their intestineslecompose polysaccharides
(which can be degraded in 1 day), however, ligsinvary poorly decomposed
[Konig et al. 2013]. Does the content of undecoreplolgnin also limit the
possibility of the trophic utilization of waterlogd beech wood by termites? The
high ash content of the Neolithic beech wood (atmjosdruple when compared
to the modern beech wood, and more than eight timgiser than in the pine
sapwood) may be of some significance as well. B ¢hse of the Neolithic
waterlogged beech wood which was wet at the sfathe study, one cannot
exclude the antagonistic influence of bacteria amed in the wood on the
termite symbionts.

The low degree of termite damage risk for waterbafjgvood uncovered
during archaeological work may be linked not onigtwthe reduced content of
nutritional substances and a relatively high cangénignin, but also with high
moisture content. The better existence of the tesrin the modern wood was
influenced not only by the reduced content of ligniith an increased level of
polysaccharides, but also by the lower moisturetesinof the wood. The
moisture content of the modern wood was at an geelavel of approx. 90%
(+/- 40%), while the moisture content of the fredred Neolithic beech after
four weeks of the experiment was at an averagé tdvea. 290% (+/— 40%). In
the case of the Neolithic waterlogged beech wootaw¢he start of the study,
after four weeks of the experiment, the moisturetent reached a level of ca.
520%. Meanwhile, the moisture content of the sandtlee bottom of the
laboratory glass was at an average level of 10%rdts a significant difference
between the levels of damage of the waterloggedrbemod wet at the start of
the study and the waterlogged beech wood aftezdrdeying. Duarte et al.
[2012] proved that thermally-modified wood is moitgygroscopic and
absorptive. They attribute this to the fact tha thigher moisture content of
TMT attracts the termites. On the other hand, acessively high moisture
content could discourage termites, as in the cageavaterlogged beech wood.
It seems that, even if better conditions for thistence of termites occur as a
result of possible global warming, the high moistwontent of waterlogged
wood uncovered in archaeological work, as wellresgoor trophic conditions
of the wood may prove lethal to termites.



66 AdamKRAJEWSKI, EwaLISIECKA, Michat DROZDZEK, PiotrWITomsKI, AleksandraNVoJcIkK

Conclusions

The results obtained in the experiment, concertiregsusceptibility of highly
degraded waterlogged beech wood to termite feedutigw the following
conclusions:

1. In the case of coercion, the Neolithic waterlogpedch wood was heavily
damaged or completely destroyed by the termites.rmbdern pine sapwood
was heavily damaged, while the modern beech wood damaged to
a degree labelled as between light attack and rateleattack with
penetration. However, unlike in the cases of thedeno pine and beech
wood, all the termites died after feeding on théenagged beech wood.

2. It cannot be unequivocally determined whether texmiortality was caused
by the relatively high content of the lignin andetheduced content of
nutritional substances, or by the much higher maoistcontent of the
waterlogged beech wood as compared to the modemd.wdhe high
moisture content undoubtedly contributed to thedowood damage in the
coercion test.

3. In spite of the considerable damage to the watgddgoeech wood in the
coercion test, it seems that in the natural caskeef choice of wood, the
settlement of termites in waterlogged wood uncoyémearchaeological work
does not necessarily occur. Wood, containing fewitianal substances and
substantial lignin, as well as a high moisture eahtenhancing the
development of parasitic microorganisms, will degzmites.

References

Becker G. [1965] Versuche uber den Einfluss von Braunfalepilzauf Wahl und
Ausnutzung der Holznahrung durch Termiten, Maten @rganismen, 1, 95-156

Becker G. [1970] Reticulitermes (Ins., Isopt.) in Mittel- unéest-Europa, Zeitschrift fir
angewandte Entomologie, (65): 268-278

Becker G.[1974] Uber einige Funde holzzerstérender Insekignkarsika, Zeitschrift fiir
angewandte Entomologie, 3 (76): 93-98

Becker G., Kny U. [1977] Uberleben und Entwickling der Trockenholz-Titem
Cryptotermes brevis (Walker) in Berlin /Survival calevelopment of the dry-wood
termite Cryptotermes brevis (Walker) in Berlin/, Aiger fir Schadlingskunde
Pflanzenschutz, Umweltschutz, 50: 177-179

Becker G., Lenz M., Dietz S[1972] Unterschiede im Verhalten und Giftempfindlicttke
verschiedener Termiten-Arten gegeniber einigen Keffies)/Differences in relation and
sensitivity of various termites species to somerthiwaod substances/, Zeitschrift fur
angewandte Entomologie, 71: 201-214

Becker G., Petrowitz H.J.[1971] Uber die Ursache der abschreckenden Wirkumy vo
Kiefernholz auf Termiten/Causes of repellent effedft pine wood on termites/,
Zeitschrift fur angewandte Entomologie, 68: 180-186



The susceptibility of Neolithic waterlogged beeotoaf Fagus sylvaticd..) to destruction ... 67

Dominik J., Starzyk J.R.[2004] Owady uszkadzaje drewno, PWRIL, Warszawa

Duarte S., Welzbacher Ch.R., Duarte M., Nunes L[2012] Assessment of Thermally
Modified Timber (TMT) through Subterranean TermitdSseeding Behaviour,
Proceedings of the Sixth European Conference ondWadification 2012, Lubljana,
Slovenia

Gongalves Peralt R.C., Euripedes Barsanulfo MenezesH, Acécio Geraldo Carvalho
A.G., de Lima Aguiar-Menezes E [2004]Wood consumption rates of forest species by
subterranean termites (Isoptera) under field camt Revista Arvorevol. 28 no. 2
Vigosa Mar./Apr. 2004, http://dx.doi.org/10.1590/S046¥622004000200015

Grace J K, Yamamoto R T[1994] Natural resistance of Alaska-cedar, redwood,taak to
Formosan subterranean termites, Forest Productsalpd4 (3): 41-45

Grace J.K., Ewart D.M., Tome C.H.M. [1996] Termite resistance of wood species grown
in Hawaii, Forest Products Journal, 46, [10]: 57-60

Hoffmann P. [1982] Chemical wood analysis as a means of charzictg archeological
wood, [in:] Proceedings of the ICOM Waterlogged Wadldrking Group Conference,
Ottawa 1981, The International Council of Museums QM), Committee for
Conservation Waterlogged Wood Working Group, Otta\8a83

Kard B., Hiziroglu S., Payton M.E. [2007] Resistance of eastern red cedar panels to
damage by subterranean termites (Isoptera: Rhimdtdae), Forest Products Journal,
57 (11): 74-79

Kartal S.N., Imamura Y., Tsuchiya F., Ohsato K.[2004] Preliminary evaluation of
fungicidal and termiticidal activities of filtrateSom biomass slurry fuel production,
Bioresource Technology, 95: 41-47

Konig H., Li L., Fréhlich J. [2013] The cellulolytic system of the termite gétpplied
Microbiology and Biotechnology, 97: 7943-7962

Ncube E., Chungu D., Kamden D.P., Musawa K[2012] Use of a short span field test to
evaluate termite resistance Bficalyptus grandisand Bobgunnia madagascarensis
a tropical environment, BioResurces, 2012, 7 (82844108

Peterson C.J., Gerard P.D., Wagner T.L[2008] Charring does not affect wood infestation
by subterranean termites, Entomologia Experimen&dliAplicata, 126: 78-84

Rashmi R.,S., Sundararaj[2013] Physical and Chemical Properties of Someoairted
Woods and their Degradation by Termites, Journalnséct Science, 2013, 13, 63,
published online 2013 Jun 25. doi: 10.1673/031 6§31

Schultze-Dewitz G.[1958] Vergleichende Untersuchungen der naturlickesssresistenz
einiger einheimischer Kernholzarten unter Verwendumy Calotermes flavikollis Fabr.
und Reticulitermes lucifugus Rossi als Versuchstiételz als Roh — und Werkstoff,
7 (16): 248-251

Schultze-Dewitz G., Unger W.[1972] Das Verhalten Reticulitermes lucifugus var.
santonensis de Feyteaud (Isoptera) gegeniber wdessfilolz, Beitrage Entomologie,
22: 487-490

Sellenschlo U. [1988] Termiten in Hamburg /Termites in Hamburg/, Agee fir
Schadlingskunde Pflanzenschutz, Umweltschutz, Jadmgsgl: 105-108

Shanbhag R.R. et SudararaR. [2013] Physical and Chemical Properties of Somgeoairted
Woods and their Degradation by Termites, Journdhséct Science, 63, (published on
line 2013 Jun 25. doi: 10.1673/031.013.6301)

Unger W. [1973] Uber den Einfluss der Zerstorungsaktivitéh \Pilzstimmen verschiedener
Herkunft auf die Frassintensitat von Termiten (Reiiermes lucifugus var. santonensis
de Feyteaud), Holztechnologie, 2 (14): 131-134



68 AdamKRAJEWSKI, EwaLISIECKA, Michat DROZDZEK, PiotrWITomsKI, AleksandraNVoJcIkK

Unger W. [1978] Termitenschdden an Materialen und Mdoglichki@irer Verhitung,
Holztechnologie, 4 (10): 195-199

Vargo E.L., Husseneder C.[2009] Biology of Subterranean Termites: Insightsm
Molecular Studies of Reticulitermes and Coptotermésinual Review of
Entomology, (54): 379-403

Weidner H. [1954] Grundsétzliches zur Termitenbekampfung in HamgbAltona, Anzeiger
fr Schadlingskunde, 27: 170-172

List of standards

ASTM D 2245-08[2009] Standard Test Method for Laboratory Evaluation addd/ and
other Cellulosic Materials for Resistance to Teesjt3 pp

PN-EN 117:20052005] Wood preservatives — Determination of tosatues against
Reticulitermes lucifuguspecies (European termites) (Laboratory method)s&els





