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The Abundance and Biomass of Subterranean Termites

(Isoptera) in a Dry Evergreen Forest of Northeast Thailand
by
T. Inoue’, Y. Takematsu?, F. Hyodo!, A. Sugimoto’, A. Yamada',
C. Klangkaew?, N. Kirtibutr® & T. Abe!
ABSTRACT

The abundance and biomass of subterranean termites were assessed
in the dry evergreen forest within the Sakaerat Environmental Re-
search Station, northeast Thailand. The samplings were carried out by
pit-digging in November 1998 (during rainy season) and February 1999
(during dry season). A total of 23 species of termites, comprising 17
genera were identified. Estimated abundance was 6450 termites/m? in
November and 2526 termites/m? in February and biomass was
10.74g/m? (fresh mass) in November and 5.35g/m? in February,
although no significant difference was detected in termite abundance
and biomass between rainy and dry season. In 30cm depth pit-digging,
we found more than 93% of individual termites and more than 94% of
total biomass within the top 20cm of soil layer in both samplings. The
termite abundance and biomass within the surficial soil layer (0-10cm
layer) showed no significant difference between in November and
February sampling.

INTRODUCTION

Termites are superabundant soil animals and play an important role
in the process of litter decomposition in tropical terrestrial ecosystems
(Lee & Wood 1971, Wood & Sands 1978). The estimates of termite
abundance and biomass were regarded as an important indicator of
their ecological impacts (Matsumoto 1976, Wood & Sands 1978, Abe &
Matsumoto 1979, Martius 1994, Eggleton et al. 1996). On the other
hand, termites and their symbiotic microorganisms are often referred
as one of the most famous and intriguing example of mutualism. Their
symbiotic systems in the gut are closely related to the decomposition
process of dead plant material via various metabolisms (Breznak &
Brune 1994). Physiological studies of termites, such as studies on
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cellulose digestion, methane and hydrogen production and nitrogen-
fixation, have shown remarkable progress so far and confirmed impor-
tant impacts of termites on terrestrial ecosystems (Slaytor 1992,
Breznak & Brune 1994, Tayasu etal. 1994, Inoue etal. 1997, Sugimoto
et al. 1998a, Sugimoto et al. 1998b). To assess ecological impacts of
termites on ecosystems based on physiological data, it is necessary to
estimate the abundance and biomass of termites with more accuracy.
Recently, Eggleton etal. (1996) provided a relatively accurate estimation
of termite abundance in the tropical forest reserve, southern Cameroon.
Ideally, abundance and biomass of each species of termite should be
estimated, because metabolic processes of termites are different from
one another (Tayasu et al. 1997, Sugimoto et al. 1998b).

However, feeding habits of termites reflect their metabolic processes.
Therefore, abundance and biomass of each feeding group provide useful
information on the function of termites in an ecosystem. Three major
groups, wood-feeder, fungus—grower and soil-feeder, seem to play very
different roles in decomposition processes (Wood 1976, Wood & Sands
1978, Tayasu et al. 1997, Tayasu et al. 1998, Sugimoto et al. 1998b).

In this paper we present data on the abundance and biomass of
subterranean termites in the dry evergreen forest in Sakaerat Environ-
mental Research Station, northeast Thailand. We carried out samplings
in the rainy and dry seasons and examined the fluctuation of termite
abundance and biomass between seasons.

STUDY SITE AND METHODS

The study was carried out within the Sakaerat Environmental
Research Station, Nakhon Ratchasima Province, northeast Thailand,
about 180km northeast of Bangkok (14°30'N, 101°56'E). The station
consists of 29.5km? of seasonal evergreen forest (dry evergreen forest)
and 12.2km? of drought-deciduous forest (dry dipterocarp forest)
(Wacharakitti et al. 1980). The site is located in the tropical monsoon
climate zone, with annual rainfall averaging 1240mm (Sakurai et al.
1998). Mean annual temperature is 26.2°C and monthly rainfall is less
than 50mm during the dry season, from December to February (Sakurai
et al. 1998). The study site is in the dry evergreen forest about 500m
above sea level. The most dominant plant species of the forest is Hopea
ferrea and canopy trees attain 30-40m (Kanzaki et al. 1995).

In terms of sampling, subterranean termites are defined as species
that use underground passages to access their food and that were active
within the soil at sampling time. Therefore, termites which make
epigeous nests are included in this definition. We sampled in November
1998 (the end of rainy season) and February 1999 (the end of dry
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season). We dug a 10 x 10 x 30 (depth) cm pit at an interval of 1m, along
50m line. Termites were extracted from every 10cm layer of soil by hand-
sorting. Each soil sample was examined twice by the authors and field
assistants. Fresh weight of termites was measured in the field labora-
tory and then termites were preserved in 80% ethanol. In a second
sampling in February 1999, we positioned a line of 50m long in parallel
with the first line at 3m distance, and we dug 50 pits (10 x 10 x 30cm
depth) along the line. We also dug 5 pits of 25 x 25 x 20 (depth) cm at
10m interval to assess the effect of pit size.

We used log (x+ 1) transformed data for statistical analyses. Termites
were divided into four putative feeding groups, which we assigned by
site of discovery, color of abdomen and known dietary requirements of
the workers.

RESULTS

We collected a total of 23 termite species, comprising 17 genera from
the dry evergreen forest in the Sakaerat Environmental Research
Station (Table 1). Fig. 1 shows the species accumulation curves of each
sampling. We found 13 species of termites from 50 pits in November
1998 (rainy season) and 21 species in February 1999 (dry season). As
shown in Fig. 2, no termite was found in 18 out of 50 pits in November
and less than 50 individuals of termites were collected in 21 pits. In
February, no termite was found in 9 pits and the mode was the range
1-50 individuals per pit in the frequency of termite abundance (36 out
of 50 pits). Arithmetic mean of termite abundance was 6450 termites/
m?in November and 2526 termites/m? in February, although there was
no significant difference between rainy and dry seasons by ANOVA
using the transformed data. Significant difference was not detected in
termite biomass between November (10.74g/m?) and February (5.35g/
m3).

Fig. 3 shows the vertical distribution of termites in each sampling.
Almost all of the termites were found within the top 20cm of soil layer
in both samplings. The termite abundance in 20-30cm layer repre-
sented 5.8% of total termite abundance in November and 6.3% in
February. The termite biomass in 0-10 plus 10-20cm layer represented
95% of total termite biomass in both samplings. Substantial numbers
of termites were found in the 0O-10cm layer in each sampling and the
termite abundance in the 0-10cm layer was significantly larger than
that in 10-20cm layer in both November and February. On the other
hand, there was no significant difference in the termite biomass
between the 0-10 and the 10-20cm layers in February, although the
termite biomass in the 0-10cm layer was significantly larger than that
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Table 1. Full list of termite species collected, with mean abundances and biomass. 50 pits were
dug in each sampling. (Feeding groups: W=wood feeding; S=soil feeding; F=fungus growing;
L=lichen feeding)

Nov. 1998 Feb. 1999
No. of pits Abundance Biomass No. of pits Abundance Biomass Feeding
Termite species containing (m?2) (mg/m?) containing (m2) (mg/m2) group
termites termites
Rhinotermitidae
Coptotermes curvignathus 1 60 284 W
Schedorhinotermes medioobscurus 1 2 2 w
Schedorhinotermes sp. 1 2 2 w
Termitinae
Globitermes sulphureus 1 2 4 2 24 74 w
Microcerotermes crassus 7 3048 3868 7 204 358 w
Dicuspiditermes garthwaitei 1 2 6 S
Dicuspiditermes makhamensis 1 110 348 2 474 1664 S
Mirocapritermes concaveus 5 198 258 7 492 570 S
Mirocapritermes sp. 1 1 206 562 S
Pericapritermes semarangi 1 4 6 7 146 206 S
Procapritermes prosetiger 9 1674 3760 8 348 710 S
Termes propinquus 2 136 160 10 190 232 S
Termitinae spp. 4 10 10
Nasutitermitinae
Bulbitermes makhamensis 1 16 24 W
Hospitalitermes bicolor 1 2 4 L
Macrotermitinae
Hypotermes makhamensis 1 6 8 4 26 40 F
Hypotermes sp.1 2 110 106 F
Macrotermes annandalei 2 6 28 F
Macrotermes gilvus 2 12 180 F
Microtermes obesi 1 18 10 F
Microtermes pakistanicus 8 558 1046 1 4 4 F
Odontotermes feae 1 6 16 F
Odontotermes maesodensis 3 52 124 F
Macrotermitinae spp. 3 10 12 1 26 6 F
Apicotermitinae
Euhamitermes sp. 1 6 654 1146 4 86 106 S
Speculitermes sp. 1 1 42 106 1 4 30 S
Apicotermitinae sp. 1 2 10
Termitidae sp. 1 4 4

Total 32 6450 10744 41 2526 5350
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Fig. 1. Species accumulation curves for 50 pits sampling in November 1998 and February 1999.
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Fig. 2. Frequency distributions of termite population per pit (10 x 10cm area, 30cm in depth).

in the 10-20cm layer in November.

In relation to seasonal change in termite abundance in each layer,
there was no significant difference in both termite abundance and
biomass in 0-10cm layer between samplings in November and Febru-
ary. Furthermore, the termite abundance and biomass in 10-20cm
layer did not show significant difference, although there were apparent
differences in feeding group composition. We did not include data of
termite abundance and biomass in 20-30cm layer for statistical
analyses, because there was a large proportion of zero values.
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Fig. 3. Vertical distribution of soil feeding, wood feeding and fungus growing termites.
n.s. = not significant

As shown in Table 1, termites were divided into four feeding groups,
namely wood feeding, soil feeding, fungus growing and lichen feeding.
Hospitalitemes bicolor belongs to lichen feeding group. Fig. 4 shows the
abundance and biomass of each feeding group except lichen feeding
group. Statistical comparison of the termite abundance and biomass
between November and February indicated no significant difference in
each feeding group, although the arithmetic mean of termite abun-
dance and biomass of wood feeding group apparently differed between
the samplings. Number of termite species found in each layer and
number of pits containing each feeding group are summarized in Table
2. Wood feeding, soil feeding and fungus growing termite species were
found at 8, 22 and 11 pits out of 50 pits in November respectively, and
at 12, 31 and 13 out of 50 pits in February, respectively. Frequency of
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Fig. 4. Abundance (m?) and biomass (g/m?) of each feeding group of termites.

occurrence of each feeding group was not significantly different be-
tween November and February (X? test of independence).

We also estimated termite abundance and biomass by digging five 25
x 25 x 20 (depth) cm pits in February 1999. We collected 8 species and
1382 individuals of termites from 5 pits. Almost all of the termites were
found in 2 of the 5 pits. No termite was found in 2 pits and only 2 termite
individuals were found in one pit. The arithmetic mean of termite
abundance and biomass was 4422 termites/m?and 9.67g/m?, respec-
tively.

DISCUSSION

The sampling of subterranean termite is one of the most awkward
problems of termite fieldwork and sampling problems and methods
were reviewed by Lee & Wood (1971). The social behavior of termites
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Table 2. Number of species and frequency of occurrence of each feeding group in each layer.

Depth Number of species Number of pits
(cm) Nov.98 Feb.99 Nov.98 Feb.99
0-10 Wood feeding 1 4 7 10
Soil feeding 7 6 16 21
Fungus growing 2 5 5 8
10-20 Wood feeding 2 2 3 3
Soil feeding 5 7 9 13
Fungus growing 1 1 8 2
20-30 Wood feeding 0 2 0 2
Soil feeding 4 6 8 11
Fungus growing 2 5 5
Whole  Wood feeding 2 5 8 12
pits Soil feeding 8 8 22 31
Fungus growing 3 7 11 13

n.s.(Chi square test)

makes them more discontinuously distributed than nonsocial insects.
So far, there is no general method for sampling subterranean termites.
Abe & Matsumoto (1979) used a 1 x 2m pit and dug to a depth of 25cm
for the estimation of subterranean termite abundance. However, a
broad pit—digging requires a very large amount of labor and the whole
area can not be dug quickly so termites may flee from the disturbance.
Relatively few replicates due to a very large amount of labor are
disadvantageous to statistical analyses. The problem of replication can
be overcome by taking numerous soil cores. Ferrar (1982) used a hand-
operated soil auger of 7.5cm diameter and 18cm depth and collected 30
soil cores in each sampling. However, Abbott (1984) pointed out
statistical problems for the small soil core sampling, because of the
large number of cores without animals. Eggleton et al. (1996) used a
moderate size pit for the estimation of termite abundance in soil. They
duga20x20x50 (depth) cm pit (10 pits in each hectare plot). The other
method is to use a trench-digger. Abensperg-Traun & De Boer (1990)
estimated the termite biomass in Western Australia using a trench-
digger (100cm long, 10cm wide and 10cm deep). We could expect that
the large size pit-digging might decrease the number of pits without
termites. In this study, we used a 10 x 10cm pit and a 25 x 25c¢m pit in
February 1999. Against expectation, no termite was found in 2 pits out
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of 5 pits and only 2 individuals of termite were found in a pit. In 25 x
25cm pit-digging, we collected 8 species of termites in the total area,
3125cm?, while we found 18 species in 32 small pits (total 3200cm?) in
February (Fig. 1). The smaller pit-digging might reflect more species of
termites in the estimation of termite abundance.

We showed the arithmetic mean number per m? and g/m? as the
termite abundance and biomass, because other termite studies have
used arithmetic means (Wood & Sands 1978; Abe & Matsumoto 1979;
Ferrar 1982; Eggleton et al. 1996). The arithmetic mean of termite
abundance and biomass in November were larger than those in
February (Table 1), but there was no significant difference between
them according to the statistical analysis using the transformed data.
The log (x+ 1) transformation that we used for statistical analyses here
normalizes the distribution, generally removes the correlation between
the variance and the mean. We could suspect that the distribution of
termites in November might show a more aggregated pattern than in
February. Actually, 10 index (Morisita, 1959) which indicates the degree
ofaggregationwas 10.1 in Novemberand 5.7 in February. Theindex has
avalue equal to, greater than or less than 1, for random, aggregated and
uniform distributions respectively. The difference in the degree of
aggregation between the termite distribution in November and Febru-
ary explained the apparent difference in the arithmetic mean of termite
abundance and biomass in spite of no significant differences in
statistical analysis. Similarly, the abundance of wood feeding termites
in November was much larger than in February (Fig. 4) and the Id index
that was 37.6 in November and 12.1 in February indicated that the
wood feeding termites was more aggregated in November than in
February. The 18 index of soil feeding termites was relatively stable, 6.4
and 8.6 in November and February, respectively.

We did not sample below 30cm, but we found more than 93% of
individual termites within the top 20cm of soil layer. This is consistent
with the result of Abe & Matsumoto (1979) who described that the
termites were mainly distributed in 0-15cm layer in a low land rain
forest of Malaysia. Wood et al. (1982) carried out the thorough exami-
nation for vertical distribution of termites by taking soil cores to the
depth 150cm. They revealed that nearly all species were abundant in
the upper 25cm.

In relation to seasonality of termite abundance, some authors
reported the decrease of termite activities within the superficial soil
layer in the dry season (Ferrar 1982, Wood et al. 1982, Abensperg-
Traun & De Boer 1990). Abensperg-Traun & De Boer (1990) assessed
monthly fluctuations in the biomass of termites within the superficial
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soil layer of the woodland and heath in Western Australia and showed
that soil moisture and termite biomass within the top 10cm of soil profile
were positively correlated. In this study, we consider November as the
end of rainy season and February as the end of dry season. Actually, the
monthly rainfall at the study site was 144.4, 124.7 and Omm in October,
November and December 1998, respectively. In 1999, 3.9mm of rainfall
was recorded in January and 16.5mm in February. As shown in Fig. 3,
there were no significant differences in both termite abundance and
biomass in 0-10cm layer between November and February. Abensperg-
Traun & De Boer (1990) suggested minimum soil moisture require-
ments by termites from the assessment of the fluctuations in termite
activity. It was highly probable that the soil moisture in February was
not below minimum soil moisture requirements due to the relatively
short dry season.
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