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The only investigation of the quantitative changes in 
principal components of wood by our most destructive 
native subterranean termite genus, Reticulitermes, re­
sulted in a questionably high depletion of the lignin (Sei­
fert and Becker 1965). Moreover, nitrogen balance has 
not been established for metabolism of wood by Reticuli­
termes. This paper reports attack on aspen sapwood 
(Populus grandidentata Michx.) by Reticulitermes fla­
vipes (Kollar) and chemical analysis of the principal
wood components and nitrogen in the termite-wood sys­
tem. 

Reticulitermes flavipes was collected at Janesville, Wis., 
July 1973, and maintained ca. 2 months before use. 
Eighteen extractive-free (Kirk and Moore 1972) aspen 
sapwood wafers (initially 0.3×2.5×2.5 cm, large face 
cross-sectional) were exposed to termites. Before expo­
sure, ¼ of each wafer was removed and these were com­
bined for initial chemical analysis of the wood. Each of 
the remaining wafers (0.3×1.8×2.5 cm) was placed with 
1.0 g of functional worker termites (avg 300 apterous 
and 62 wing-padded forms; 4th instars and older) in 
cylindrical plastic boxes (5.0×3.5 cm) for 4 wk. Nine 
wafers were moistened with distilled water to 50% mois­
ture content (“dry” condition) and 9 to 150% (“wet” 
condition) (dry wt basis). The “wet” condition was in­
cluded in an attempt to favor bacterial attack on the 
feces; it was thought that bacterial attack might have 
been responsible for the high digestion of lignin reported 
previously. Incubation was at 26°C and 70% RH. At 2­
to 3-day intervals termite mortality was noted and water 
added when necessary to maintain the approximate origi­
nal moisture content. 

The termites ingested most of the wood during the 
4-wk exposure, (85 and 67% for dry and wet conditions, 
respectively), leaving fecal residue on the floor and walls 
of the boxes. This residue was visually dry in the dry 
condition and wet in the wet condition (Fig. 1). Canni­
balism was observed in all boxes. After exposure the 
termites and uneaten wood and fecal residues were oven-
dried, weighed (Table 1), and analyzed (Table 2). 

Whereas the termites fed and survived at both “dry”
and “wet” conditions (Table 1), the high moisture con­
dition seems near the upper limit of moisture tolerance 
since 3 termites apparently drowned. Also, survival and 
amount of wood eaten were lower in the “wet” condi­
tion, and soldier termites developed only in the dry 
condition. 

FIG. 1.-Illustration of the wet (center) and dryTermite mortality, almost entirely by cannibalism, was moisture situations during exposure of aspen wafers to 
R .  flavipes attack, and box with unexposed aspen wafer. 

1 Received for publication June 13, 1974. Notice the water film in the wet condition. 
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Table 1.-Averagearesults of 4-wk exposure of aspen wafers to R. flavipes at 2 moisture conditions. 

Moisture Content (%) Weight (mg) b,c 

WOOD Fecal Fecal Digestedd 

Condition Initial Final residue Ingested residue % 

“dry” 50 42 66 530 168 68 
“wet” 150 176 413 428 135 68 

Group 

Compositione 

TERMITES Initial Final Live weight (mg)
wood Survival 

condition W N W N S % Initial Final 

‘‘dry’’ 303 22 210 44 5 
0 

74 l000 795 
‘‘wet” 296 66 161 61 61 1000 664 

a Nine replicates per condition. 
b Equilibrium 27 C and 70% RH. 

Original average weight = 627 mg (dry condition) and 651 mg (wet condition)
(Weight ingested weight fecal residue)-d x 100.weight ingested 

e W, workers (apterous); N, nymphs (wing pads) ; S, soldiers. 

mainly at the expense of workers at both moisture con­
ditions (Table 1). (Esenther [1969] observed that such 
cannibalism is not always primarily at the expense of 
the workers in situations with certain caste form com­
positions.) 

Percentage catabolism of ingested wood was the same 
2). Methods used in chemical analyses and calculations 
of glucan, mannan, etc. are described elsewhere (Seamen 
et al. 1954, Hiller et al 1948, Kirk and Highley 1973). 

Comparison of the chemical composition of the original 
wood with that of the fecal residues revealed essentially 
no change in the amount of (“sulfuric acid”) lignin. 
for the 2 moisture conditions (Table 1). This similarity 
also extended to changes in chemical composition (Table 
Termites generally appear to have a low lignin degrading 
ability (Leopold 1952, Noirot and Noirot-Timothée 1969). 
The high lignin digestion (77%) by Reticulitermes luci­
fugus var. santonensis Feytaud reported by Seifert and 
Becker (1965) was associated with an abnormal copro­
phagic situation and complete mortality of the termites. 

Table 2.-Percentage chemical composition of wood, 
residues, and termites (dry wt basis). 

Percentage 

Glu- Man- Xy- Lig-
Material can nan lan nin OMe Na 

Control woodb 47.0 2.4 21.3 17.2 22.2 0.06 
Uneaten wood (dry) 44.9 2.3 20.9 20.0 21.6 0.09 

(wet) 45.3 2.4 20.3 19.5 20.9 0.20 
Fecalresidue (dry) 12.6 1.7 10.4 56.7 20.7 0.85 

(wet) 12.5 1.6 10.7 56.4 20.9 0.86 
Termites (dry) 2.59 

(wet) - 2.82 

aLive (wet) wt basis. Original termites had 2.61% N (13.3% 
on dry wt basis).

bControl wood maintained 4 wk wet H2O) or dry
H2O) gave same analyses. 

Therefore, the Seifert and Becker results are not repre­
sentative of the lignin-degrading ability of Reticulitermes. 

Our analysis indicated a slight (5%) loss in the meth­
oxyl content of the lignin, which may, however, reflect 
contamination of the “sulfuric acid” lignin by non-lignin 
materials (see Sarkanen and Ludwig 1971, p. 8).  Even 
though not depleted or significantly demethylated, the 
lignin was changed on passage through the termites. 
This was shown by the results of acidolysis (refluxing 
4 h in 0.2 N HCl in 90% dioxane: H2O; Lundquist 
1970) of the fecal residue (dry condition), as compared 
to the original wood. Less than half as much of the 
principal aromatic product, 3-(3,5-dimethoxy-4-hydroxy­
phenyl) -1-hydroxy-2-propanone (estimated by gas chro­
matography), was obtained from the lignin in the fecal 
residue (2.7 vs 7.5%; see Kirk et al. 1974). The 2nd 
major product obtained from hardwood lignins, l-hy­
droxy-3- (4-hydroxy-3-methoxyphenyl ) -2-propanone, was 
not separated well from other products in the residue and 
could not be estimated accurately. It  was obvious, how­
ever, that the 2nd product was also obtained in a much 
lower amount than from the control wood. 

Loss of glucan (mainly cellulose), calculated from the 
data in Tables 1 and 2, on passage through the termites 
was 91% in both the wet and dry conditions. Similarly, 
loss of the major hemicellulose, measured as xylan, was 
84%, and loss of the mannan-type hemicellulose was 77 
and 76% in the 2 situations. Clearly, then, (anaerobic) 
catabolism of the polysaccharides of aspen wood in R. 
flavipes is efficient. 

The principal difference between the wet and dry con­
ditions was simply that the ingestion was slowed by the 
higher moisture content. It was suspected that some dif­
ferences might result either from differences in gut flora 
or from enhanced (aerobic) bacterial activity in the wet 
residue. A simple dilution plate count on nutrient agar
revealed, as expected, a much higher bacterial popula­
tion in the wet residue, but the bacteria had little quanti­
tative effect (Table 2).

The N determinations (Table 2) and weight data in 
Table 1 were used to calculate the N balance in the ter­
mite-wood systems. It  was suspected that an overall in-
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crease in N might be observed, because Breznak et al. 
(1973) reported bacterial N-fixation in Reticulitermes. 
However, even with relatively high N content of fecal 
residues and uneaten wood, net loss in total weight of 
termites, with their high N contents, more than compen­
sated; there was actually an overall loss of N from the 
systems (17% wet condition; 23%, dry condition). 

We presume that the loss of N from the system was 
dietary N (cannibalized termites and ingested wood) 
which was excreted. Mullins and Cochran (1972) re­
ported that N is excreted mainly as NHs by a cock­
roach, and this also may be true for R .  flavipes; loss of 
NH3 to the air could account for the N loss observed 
here. 

Termites apparently rely on cannibalism when they 
are restricted to a nutritionally deficient diet (Moore
1969). Therefore, our results showing 26 and ca. 39% 
cannibalism indicate that the extracted aspen sapwood 
was a nutritionally deficient diet for termites, in spite of 
the reported ability of their gut flora to fix N2. 
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