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Analysis of Wood Sugars in the Dead Wood Eaten by the Larvae of
Ce causfzgMnus and PrfsmogMfaz‘s an ans(Coleoptera,

Lucanidae) by Gas-liquid Chromatography
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Yoshida, Sakyo, Kyoto, 606-01 Japan

A bstrac t The sugar contents in the dead wood eaten by the larvae of C ligna,・ius
and P a,1gula,・ts arc analyzed by using gas-liquid chromatography (GLC). The content of
xylose in al l the C fig,Ia,-itls samples is markedly smal l、 whereas those in the samples of P
angula,・is is relatively large. The contents of alkaline extractives and total wood sugars in
all the samples of C lignat・!us correspond to those of the advanced decay stage of brown
rotten woo(L and those of the samples of P angtlla,・is to those of various stages of white
rot ten woo d.

Both Ce,-l‘c/lMs /lgna,fl‘s and P,-lsmognaf/lles  angM/a'-Is  are  smali-sizedlucani
beetles with overlapped distribution in the Cool-temperature Zone of Japan. The previ-
ous studies(ARAYA,1993 a-b) revealed that C lignarius is stenophagous for advanced
decay stage of brown rot, whereas angularts is euryphagous for both decay stages
and decay types.

Ho1ocellu1ose is the total sugar content in wood cell wall and is a mixture of both
cellulose and hemicellu1ose. 0f these, cellulose consists solely of glucose, whereas
hemicellulose is non-cellulosic polysaccharides comprising various sugars such as glu-
cose, galactose, mannose and xylose. Compared with cellulose, hemicellulose is easily
decomposed by wood decaying fungi, and composition of each hemicellulose fraction
changes in a characteristic fashion depending on both the decay type and stage(TAKA-
HAsHl, l986). Thus, detailed analysis of wood sugars is needed to know precisely rela-
tionship between the occurrence of lucanid larvae and chemical properties of the de-
cayed wood. In the present study, the sugar contents in the dead wood eaten by the lar-
vae of C lignarttis and F) angtlla,-is are analyzed by using gas-liquid chromatography
(GLC).

Mater ials and Methods

Sample materials. Four pieces of wood in which the larvae of C. lignarius oc-
curred and four in which R angularis occurred were collected randomly at Inabu-cho,
northeastern Aichi Prefecture, the same place as in the previous studies in l 990
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Fig. l. Gas-liquid chromatograms of wood sugars analyzed as their aldito1 acetates in a sample of C

ligna''it‘s (top, sample No. 1) and a l) a'1gtlla,is (bottom, No 5) with their relative retention times to
inositol (tR). R=rhamnose, tR=0.15, A=arabinose, tR=0.23, X=xylose, tR=0.30; M=mannose,
tR=0.65; Ga=galactose, tR=0.74; GI=glucose, tR=0.81; I=inositol (internal standard).

(ARAYA, 1993 a-b). Decay types and wood species were identified by macroscopic ob-
servation for each sample. A small wood piece was taken from the vicinity of a3rd
(final) instar larva in the collected dead wood piece. The wood piece was ground into
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Table 1 . The results of analysis of chemical components in the wood samples
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CI = Ce'1'cill 's /lgna' fMs; Pa= Pri's "1ognat/IMs an '/a''Is; Fc= Fagus c''enafa; Qm= l,e,-cl,s ″1ongo/fcα
Bp=Betulaplanph、l ia; B.R=brown rot ; WR. =white rot ; S.W=sound wood ; N.D=not determined.
asignificantly different between the samples et c ligna,-ltls and R angula, Is (p<0.05, MANN-WHITNEY's U
test).

meal, and then contents of wood sugars and alkaline extractives were analyzed for each
sample. The analysis was also made for a piece of sound wood of the Japanese beech,
Fagus c''enata.

na/vsfs a l iaルIe e_、-f ,-a c r l ves . A lkali ne extractives w e r e calculated from
weight less after refluxing the wood meal with 1% sodium hydroxide solutions for one
hour at lee°C. These include extraneous components (protein, pectin, tannin, etc.),
low-molecular weight lignin and hemicellulose.

Analysis of wood suga,-s. Lipophilic components were removed from the wood
meal by extraction with ethanol/benzene( l/1) in the same way as in the previous study
(ARAYA,1993 b), and then the wood meal was hydrolyzed with72% sulfuric acid. Acid
hydrolysates, which include wood polysaccharides, were reduced with sodium borohy-
dride, and then the reduced monosaccharides, i.e. alditols, were analyzed by GLC after
acetylation: aldi t01-acetate method (see BORCHARD & PIPER, 1970; SHINODA & INABA,
1985 for detail). Inositol solution was added as the internal standard (Aldito1-Acetates
Method, see SHINoDA & INABA, 1985 for detail). GLC analysis was performed on a
Shimadzu GC-14 Gas Chromatograph equipped with FID detector. The aldito1 ac-
etates w e r e separated on a glass column (2mX3.0mm I.D) packed with 3%
ECNSS -M coated on Gas Chrom Q (60-80 mesh). Carrier gas: N2,1.25 kg/cm2, col-
umn temp: 190°C, injection and detection temp:230°C. The contents of each sugar
are calculated by using the formula shown by BoRcHAR」:) and PIPER(l970).

Estimation of decay stage. Decay stage was estimated by comparing the con-
tents of alkaline extractives and the total wood sugars (the latter was nearly equivalent
to the ho1oce11ulose contents) of each sample with those of the typical both brown and
white rotten woods (TAKAHAsHI, l986; ARAYA, 1993 b).
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Resu lts and Discussion

Representative gas-liquid chromatograms for each species are shown in Fig. 1,
and the results of the analyses are listed in Table t . All the results are presented as the
percentage to the moisture free samples weight.

A l l the materials from the wood eaten by C lignarius contained significantly
larger amounts of alkaline extractives(77.2 to79.8%) than those eaten by P angula,・is
(33.4 to50.7%) (MANN-WHITNEY's U-test, p<0.05).

In both C ligna,・ilts and angula,-is samples, the contents of galactose, mannose,
arabinose and rhamnose were quite small and not determinable in some samples. This
is because the contents of these sugars were also quite small in the sound wood. The
glucose contents of 1:) a,?gularis samples (14.0 to 26.9%) were relatively larger than
those of C. lignarius (12.0 to t8.3%), but no significant difference was detected. The
content of xylose in all the C. lignarius samples was markedly small (1.6 to2.7%),
whereas those in the samples of f;) angtda, is was relatively large(3.3 to22.0%) though
it varied considerably. Significant difference in the xylose contents was detected be-
tween the samples of two lucanid species(MANN-WHITNEY's U-test, p<0.05).

The contents of alkaline extractives and total wood sugars in all the samples of C
1ignal・ius corresponded to those of the advanced decay stage of brown rotten wood
(total weight less40 to50%), whereas those of the samples of angularis to those of
various stages of white rotten wood (total weight less 20 to60%). These results agree
well with those of the previous study(ARAYA, l993 b).

Brown rotten wood is fewer in frequency than white rotten one in cool tempera-
ture forest (ARAYA, 1993 a). It is known that brown rotten wood of the middle and ad-
vanced decay stages contains much greater amount of lignin than white rotten wood
does (TAKAHAsHl,1986; ARAYA, 1993 b). Lignin is generally regarded as a quanti tative
digestion inhibiting factor for insects (0GusHl, 1992). Further, as shown in the present
study, brown rotten wood contained markedly small amounts of wood sugars which are
regarded as calorific nourishments. These facts suggests that brown rotten wood (at
least that eaten by C. lignarius) is inferior to white rotten wood as diet. If so, it is
rather strange that C lignarius is stenophagous for brown rotten wood in spite of its in-
feriority as diet.

Anyway, further rearing experiments of larvae using the brown and white rotten
wood of various decay stages will be necessary to confirm the above-mentioned sug-
gestion.
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要 約

荒谷邦雄 : ガスクロマトグラフィーによるツヤハダクワガタとオニクワガタの発生している

腐朽材中の木材構成精の分析. - ツヤハダクワガタとオニクワガタの発生している腐朽材
の成分化学的な特性を調べるために, 材中の木材構成糖をガスクロマトグラフィーによって分

析 - 定量した.  また, 同時にそれぞれの材について, 腐朽のタイプとその進度を推定するのに

有効なアルカリ抽出物量の測定も行った.
ツヤハダクワガタの発生している腐朽材中の木材構成糖類は, 健全材と比べるといずれもか

なり減少していたが,  とくにキシローズの減少がいちじるしかった. これに対して, オニクワ

ガタの発生している腐朽材では, 材によって差はあったが, ツヤハダクワガタの場合に比べる

と, 糖類全体の減少の程度は低く ,  どの結類も一様に減少していた. アルカリ抽出物量は, ツ

ヤハダクワガタの材でいちじるしく多く , オニクワガタの材では, 材によってばらっきがあっ

たものの比較的少なかった. これらの分析結果は, ツヤハダクワガタが褐色腐朽の末期の状態

にある材に特異的に穿孔すること, また, オニクワガタは主として白色腐朽のかなり幅広い腐

朽進度にある材に穿孔することをあらためて裏づけるものである.
ところで, 褐色腐朽材は, 白色腐朽材に比べると出現頻度が低いだけでなく , 昆虫にとって

量的阻害物質となるリグニンを多量に含んでいる. そのうえ, 今回の結果から, ツヤハダクワ

ガタが特異的に穿孔する褐色腐朽材は, 代謝のエネルギー源として消化・ 利用され得る木材構

成糖類の含有量が低く , 白色腐朽材と比べるに栄養面でもかなり劣ったものであることも示唆

された. ツヤハダクワガタが, なぜこのように餌資源として質の良くない褐色腐朽材を選好す

るのか非常に興味深い.  もしかすると, 褐色腐朽材におけるキシローズの含有量の低さがなに

か関係しているのかもしれない. いずれにせよ今後は, さまざまな腐朽進度にある褐色・ 白色

腐朽材が幼虫の生存や成長に与える影響について, 飼育実験で確認することが不可欠であろ

う .
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