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ABSTRACT 

Enviton. Entomol. 11: 1290-1293 (1982) 
A census of 24 1-ha plots indicated .an average abundance per ha of 4.42 colonies of Reticulitermes 

flavipes (Kollar) and 2.38 colonies of R. virginicus (Banks). Nearest neighbor analysis indicated the 
mean distance between colonies of R. f2avipes to be 22.48 m, between colonies of R. virginicus to be 
26.19 m, and between colonies, irrespective of species, to be 16.80 m. Six R. flavipes colonies were 
selected by a ranked-set sampling method, and the mean colony size was estimated to be 244,445 
termites. 

Reticulitermes flizvipes (Kollar) and R. virginicus 
(Banks) are important economic pests, yet little pertinent 
research of an ecological nature has been conducted. 
This perhaps reflects the long-standing availability of 
highly effective termiticidal soil treatments which place 
a chemical barrier between the wooden commodity (home) 
and the termite colony. Newer control techniques now 
being developed, however, are designed to treat spe- 
cific, individual colonies; copsequently, better knowl- 
edge of termite ecology is needed. 

We recently initiated research on the biology, de- 
mography, and field ecology of Reticulitermes spp. in 
southern Mississippi. We have described the abundance 
of soldiers and reproductives, sex ratio of reproductives, 
association of soldiers with reproductives in R. flavipes 
(Howard and Haverty 1980), and seasonal variation in 
caste proportions of R. jZavipes field colonies (Howard 
and Haverty 1981). Here we report on the abundance 
and distribution of R. flavipes and R. virginicus colo- 
nies, and on the mean number of termites in mature 
colonies of R.flavipes, i.e., colonies in the reproductive 
stage of their life cycle (Oster and Wilson 1978). 

Materials and Methods 
Estimation of Colony Abunda~zce and Distribution 

In August 1980, a total of 104 contiguous plots (100 
by 100 m; 1 ha) in the Desoto National Forest, ca. 20 
krn north of Gulfport, Miss., was surveyed, and their 
boundaries were marked. The site consists of gently roll- 
ing hills (ca. 15- to 30-m elevation) covered with a stand 
of predominately 50- to 60-year-old naturally regener- 
ated longleaf pine (Pinus palustris Mill.) with some slash 
pine (P. elliottii Engelm. var. Elliottii) at the lower el- 
evations. The dominant understory consists of gallbeny 
(Ilex glabra L.), Yaupon (I .  vomitoria Ait.) and dog- 
wood (Cor~zusflorida L.). The area was control burned 
ca. 3 years before this study. 

In November 1980, four representative blocks of six 
1-ha plots were selected and exhaustively examined for 
dead logs, standing or lying on the ground, which meas- 
ured 10 cm or more in diameter at their greatest breadth. 
The locations and dimensions of these logs were plotted 
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on a topographical map. With a hand axe as a sampling 
tool, the presence or absence of termites, by species, 
was noted for all logs. All logs were disturbed as nearly 
alike as possible. Logs containing conspecific termites 
and separated by at least 15 m were assumed to represent 
separate termite colonies. These data were analyzed to 
estimate mean number of termite colonies, by species, 
and nearest-neighboring logs containing termites, by 
species. Summary statistics were calculated by plot, as 
well as the dispersion coefficient "a," using the formula 
of Wood and Lee (1971): a = m7, where m = density 
of logs with termites per m2, and I = mean distance (m) 
between pairs of nearest neighbor logs containing ter- 
mites. Distance measurements were made from rnid- 
point of log 1 to the midpoint of log 2. 

Estimation of Number of Termites in a Mature R. fla- 
vipes Colony 

In March 198 1, four 10-m-wide transects 100 m apart 
along the north-south axis of the study site and four 
along the east-west axis were examined for logs ex- 
ceeding 10 cm in diameter. Logs containing mature R .  
flavipes colonies (as evidenced by large numbers of either 
long wing-pad nymphs or callow dates) were noted and 
given an identification number. A total of 18 such col- 
onies was identified. Six were selected for sampling by 
a ranked-set sampling method (Dell and Clutter 1972). 
This involved randomly choosing six sets, each con- 
taining three colonies, and ranking the colonies within 
each set by estimated size as small, medium, or large. 
The ranking of each of the three colonies within a set 
was done on the same day, to facilitate visual compar- 
isons of termite numbers. The estimated largest colonies 
in two sets then were designated as sampling units. The 
medium sized colonies in a second two sets were des- 
ignated as sampling units, and in the remaining two Sets 
the smallest colonies were designated as sampling units. 

Each colony was sampled as follows. A trench (30 
cm wide by 122 cm deep) was dug with a tractor-mounted 
backhoe at a radius of ca. 20 m completely around the 
colony site to constrain both emigration of the colony's 
foraging population and immigration of termites from 
other colonies. The log and associated stump were as- 
sumed to constitute the epicenter of the colony. AnY 
logs or other large cellulose debris without termites were 
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placed outside the trench. As the trench was dug, the 
log portion of the colony was sawed into ca. 25-cm 
lengths, and each was examined for termites. Segments 
containing termites were placed in sequence into gar- 
bage cans and taken to the laboratory. Segments without 
termites were removed from the site. The stump and 
taproot associated with the log then were extracted from 
the soil by severing lateral roots with an axe and digging 
out the stumpltaproot with the tractor-mounted backhoe. 
This wood was sawed into ca. 25-cm segments and 
processed as above. 

To sample termites remaining in the soil, a double 
layer of corrugated cardboard, 60 cm wide by 2 cm 
deep, was laid on the ground covering the previous site 
of the log and stump. The cardboard then was moistened 
and covered with black polyethylene plastic and held in 
place with small amounts of soil at the edges. One to 3 
weeks later, the cardboard was examined for termites, 
and penetration sites were noted. The cardboard from 
each penetration site was taken to the laboratory. Un- 
infested cardboard was discarded. Fresh sections of 
cardboard, 60 cm wide by 5 cm thick, were placed over 
only the active infestation sites, covered with black plas- 
tic, and completely buried with soil. This cardboard was 
examined weekly and replaced with new cardboard until 
termite infestation either ceased or declined to negligible 
levels (500 or fewer termites). The logs and stumpltap- 
roots were sampled from 23 March to 12 April 1981; 
the ~ardboard was sampled from 16 April to 12 June. FIG. 1.-Aerial photograph of surveyed study site with top- 

Termites were exhaustively extracted by splitting the ographical overlay. The four outlined and shaded blocks each 
wood along growth rings or by pulling layers of card- contain six 1-ha plots. 
board apart. Extraneous debris was removed and the 
termites from each garbage can were weighed. Repre- 
sentative subsamples (n = 3 to 16) from each colony the baits. The logs and stum~/taproOts 

then were reweighed and counted. The resulting average eggs, larvae, workers, 

numbers of termites per gram were used to estimate the and neotenic reproductives. 

numbers of termites in each colony. Summary statistics 
were computed for the six colonies. Discussion 

Understanding the role of subte~~anean termites in forest 
Results ecosystems requires accurate information on their den- 

A general overview of the topography and subdivision sity and spatial distribution. Unfortunately, Reticuli- 
of the study site is shown in Fig. 1. The mean number termes SPP., like other subterranean termites, are cryptic. 
of logs containing E. flavipes and R ,  virginicus per ha Rather than building well-defined nests, they inhabit dif- 
was 4.42 + 0.43 (x +- SE) and 2.38 + 0.29, respec- fuse, multicompartmental "nests" distributed between 
tively. The mean nearest neighbor distance for R. $a- the soil and a substantid mass of wood (Howard and 
vipes colonies was 22.48 + 3.09 m, for R. virginicus Haverty 1981). In this study we assume that the log1 
colonies 26.19 & 6.51 m, and for Reticuliter~nes spp. stumpltaproot complex constitutes the epicenter of a ter- 
16.73 + 1.05 m. The mean dispersion coefficient was mite colony. Prior experience indicates that the actual 
0.19. An average mature R. pavipes colony was found proportion of termites to be found in the wood, rather 
to contain 244,445 +- 53,156 termites (Table 1). All than in the soil, is a function of a complex of variables. 
colonies examined contained numerous neotenic repro- Temperature, soil type, moisture, and season apparently 
ductives either in the log or stump/taproot. No primary are the most important. Our sampling times (early fall 
reproductive was found. In four colonies, alates flew and midspring) were chosen to maximize the probability 
before the colonies were sampled. The remaining two of finding the bulk of the colony in the wood rather than 
colonies contained dates in the log or stump/taproot at in the soil. 
the time of sampling. In one colony, the dates repre- Slightly more R. flavipes than R.  virgi~zicus colonies 
sented ca. 8% of the colony's population. In the other occurred within each of the four blocks (a range of 3.67- 
colony, alates began flying in the laboratory before they 5.67 for R. flavipes and 1.67-3 .OO for R.  virginicus), 
could be extracted and an accurate assessment of their and their number within any given ha was rather vari- 
numbers therefore was not possible. Workers, small wing- able. To test the hypothesis that the colonies were non- 
Pad nymphs, and soldiers were the only castes recovered randomly distributed, we calculated the coefficient of 
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Table 1.-Estimated number of termites in mature R. Jlavipes colonies 

Esdmated No, of termites inb: 
z 
\ 

Colony Ratingo b g  Smmp/taproot Soil' Total - 
18 Large 348,785 13,801 926 363,512 
21 Medium 61,412 220.381 1,025 282.R1~ 
39 Small 
45 Large 
46 Small 
49 Medium 

Mean & SEA4 - 
qualitative estimate of colony size used for ranked-set sampling assignments. 
bRepresentative subsamples were weighed and counted, and estimated numbers then based on total weights of termites from each colony. 
CNumbers of termites in the cardboard traps. 

dispersion, "a7' (Clark and Evans 1954, Lee and Wood 
1971). The value of this coefficient can range from a 
theoretical minimum of zero if all colonies are aggre- 
gated into a single mass to a maximum of 1.158 if all 
colonies are situated at the comers of a network of reg- 
ular hexagons. A completely random distribution of col- 
onies would result in a coefficient of dispersion of 0.25. 
Thus, values less than 0.25 suggest an aggregation of 
colonies, and values greater than 0.25 suggest an ov- 
erdispersion of colonies. Clearly, our data (a = 0.14 to 
a = 0.22) support the hypothesis of a nonrandom ag- 
gregating of the Reticulitermes spp. colonies. R. fZavipes 
appears to be more prevalent at the higher sites, whereas 
R. virginicus is more prevalent at the lower sites. This 
distribution is perhaps related to the higher moisture 
requirements of R. virginicus (Collins 1969). The soil 
at lower sites in the study area usually contains more 
moisture than soil at the higher elevations. Other site 
factors also may influence the distribution of these ter- 
mite species. 

Reliable estimates of the number of termites in a col- 
ony are difficult to obtain (Baroni-Urbani et al. 1978, 
Lee and Wood 1971), even for the conspicuous mound- 
building species. Basically, two approaches have been 
tried: total colony sampling and mark-recapture esti- 
mation (Baroni-Urbani et al. 1978). Both present serious 
problems but have been widely used because better al- 
ternatives are not available. 

We initially have chosen to address the question of 
the number of termites in a mature R. flavipes colony 
by a total colony-sampling protocol. Ranked-set sam- 
pling provides a relatively unbiased sample of colony 
sizes. Thus, the resulting mean population estimate for 
an "average" colony also should be relatively unbiased. 
Clearly, it would be desirable to sample additional col- 
onies. Money, time, and labor constraints on this type 
of sampling, however, preclude such an approach. Al- 
though the range of values obtained for the smallest to 
the largest colony (TabIe 1) covers a factor of 7, the SE 
of the mean for all six colonies is fairly low (ca. 20%). 

Variation occurred in the number of termites re- 
covered from the cardboard traps (Table 1). However, 
Reticulitermes spp. are known for their mobility with 
changing environmental and seasonal parameters. Col- 
onies 18, 21, and 39 were initially sampled during the 
last half of March when the daily mean air temperatures 

were moderate (11.7 to 24.5"C) and the soil surface 
was moist. Also, alate flights occurred during this time 
period. These factors combine to maximize the propor- 
tion of the colony expected to be in the log and stump/ 
taproot rather than in the soil. Accordingly, small nu*- 
bers of termites in these colonies were recovered from 
the soil. The remaining three colonies (45, 46, and 49) 
were sampled in late April to early May after the alate 
flights had occurred and during a period of increasing 
daily mean air temperature (15.7-3 1.3'C) and decreas- 
ing surface soil moisture. The combination of these fac- 
tors should lessen the proportion of the colony in the 
wood and increase that in the soil (Howard and Haverty 
1981), the substantial numbers of termites were re- 
covered in the cardboard traps of colonies 45 and 46. 
Furthermore, the number of termites trapped each week 
in all colonies increased to a maximum and then de- 
clined to negligible quantities by the last 3 weeks of 
sampling. 

About 1 month after the log and stumpltaproot were 
removed from each site, we inspected the walls of the 
trench for evidence of termite shelter tubes. Colonies 
18, 39, 45, and 46 had a few shelter tubes evident ca. 
10 to 20 cm below the top of the trench, extending at 
most 5 to 10 cm along the inside face of the trench. No 
tube ever crossed the bottom of the trench, nor did any 
shelter tube from the outside face of the trench cross the 
bottom. This suggests that the trench served as an ef- 
fective barrier to termite immigration and emigration, 
although termite galleries below the trench would re- 
main undetected. Colonies 21 and 49 contained no tubes 
on the surface walls of their trenches. All trenches con- 
tained numerous shelter tubes of Solenopsis spp. ("fire 
ants") that extended down and across both faces of the 
trenches. None of these shelter tubes, however, inter- 
sected the shelter tubes of termites. 

Our quantitative findings of this study support our 
qualitative impressions of prior years: R. jlavipes is the 
dominant species (at least in number of colonies per ha) 
in this area and tends to occupy the higher, more arid 
sites. A rough estimate of total population can be made 
with the data from this study. Given that R. flavipes 
colonies occur at a density of ca. 4.42 colonies per ha 
with an average colony size of ca. 244,445 termites, 
then OW plots contain ca. 108 termites per mZ. Tbs 
value may be compared with Lee and Wood's (1971) 
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estimate of subterranean termite abundances in arid and 
semi-arid habitats in Australia (12-2,000 termites per 
m2) and their summary of subterranean termite abun- 
dance estimates in various forest habitats (124,450 ter- 
mites per m2) (see p. 70 and Table 6 in Lee and Wood 
[1971]). Whitford and Gentry (personal communication) 
recently estimated the density of Reticulitermes spp. on 
four habitats in South Carolina. A recently control-burned 
pine habitat had 1,300 termites per m2, an unburned pine 
plantation and lowland hardwood had 260 and 220 ter- 
mites per m2, respectively, and a turkey oak woodland 
had 6 termites per m2. All estimates were obtained using 
different sampling techniques. Esenther (1980) recently 

1 estimated the population size of colonies of R. flavipes 
in Janesville, Wis., using a simple Lincoln index mark- 
recapture technique. He estimated the populations of 
two coloniesJo be 325,600 2 153,100 and 1,135,600 
2 736,400 (x -+ SD). He reported that five additional 
colonies constituted a single multicolonial complex whose 
members freely intermingled, and estimated that it con- 
tained 9,516,300 + 4,255,800 termites. As noted by 
Brian (1965) and Baroni-Urbani et al. (1978), however, 

I social insect populations seldom, if ever, fulfill the basic 
assumptions of the mark-recapture method, thus ren- 
dering Esenther's population estimates suspect. 

We have no quantitative estimates of the number of 
termites in a mature R. virginicus colony. It is our 

I impression, however, after collecting this species for 
several years, that its colonies are somewhat large than 

/ those of R . flavipes. Future experiments will be required 
1 to test this impression, and to confirm the other esti- 

mates and underlying assumptions made in this paper. 
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