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This research was conducted on a shrub-invaded desert grassland ecotone
40 km S of Tucson, Arizona. To examine the abiotic factors affecting or regu-
lating foraging of subterranean termites a modified bait sampling method using
toilet paper rolls was developed. Observations of foraging activity of Heter-
otermes aureus (Snyder) were made during 24-hr periods each week for one year.
Pertinent environmental data were collected at each check. H. aureus foraged
day and night throughout most of the year with minimal activity from December
through February. Foraging intensity increased moderately in the spring and
fall and was high but erratic during the summer months. The number of foragers
generally increased with increasing temperature. Rainfall had little effect
on foraging when daily mean soil temperatures were below 20°C (toilet paper
roll-soil interface); however, even the slightest amount of rain during the
hot summer months greatly increased foraging intensity. Above 33°C, even with
ptecipitation, foraging numbers plummeted. The number of surface foragers at
any instant (Y) is best explained by the equation, ln Y = -0.985 - 0.0761 T +
2,928 In T + 0.327 1n R where T is the temperature at the roll-soil interface
and R is daily rainfall. It appears that foraging activity is not endogenously
controlled; rather it is exogenously controlled by temperature and moisture.

This is the third in a series of papers evaluating the role of termites
in the detritus cycle of a desert ecosystem. The first (1) set forth our meth-
odology for studying foraging behavior of subterranean termites and the second
(2) provided wood-consumption rates for two common species as a function of
temperature, wood species and termite biomass. Here we describe the seasonal
foraging activity of one of these species and relate it to key environmental
parameters.

Subterranean termites have been defined as species that live in more or
less diffuse nests of scattered chambers in the soil with no abové—ground indi-
cation of their presence (3): They are thus difficult subjects for research
and have con;zquently been neglected by most ecologists in favor of the more

conspicuous harvesters and mound-building species. Such concentration of ef-
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fort on the more obvious part of a community has perhaps created the impres-
sion that mound builders are ecologically more important than the strictly sub-
terranean species, wherever they occur together (3). Sands, however, concludes
that subterranean species are probably the more numerous, and certainly the
most significant from the economic viewpoint in the developing countries of

the tropics. Our subject, Heterotermes aureus (Snyder), a very destructive

subterranean termite in southern Arizona and California, has been shown to be

one of the most important detritivores in the Sonoran Desert (4).

Methods

This study was conducted on the US/IBP, Desert Biome research site pro-
vided by the U.S. Forest Service on its Santa Rita Experimental Range approxi-
mately 40 km S of Tucson, Arizona, at an elevation of 950 m. Annual rainfall
averages 330 mm, half of which occurs during the summer monsoon. The remainder
is frequently made up, less reliably, during the period from December through
February. The area is a shrub-invaded, desert grassland ecotone, characterized
by shrubs, cacti and small trees.

To examine the physical factors affecting or regulating foraging of sub-
terranean termites a modified bait-sampling method was developed (l). Most of
the standing vegetation on this area had been knocked down by chaining 18
months prior to setting out the bait. In addition all superficial and par-
tially buried wood was raked off the grid area to eliminate any possible com-
petition between natural wood and the bait. Twelve contiguous grids, each
containing 100 rolls of toilet paper placed at l-m intervals, were used as
bait. These proved to be very attractive to two subterranean termites, H.

aureus and Gnathamitermes perplexus (Banks).

Foraging activity of H. aureus was observed from October 15, 1971, to
October 13, 1972. Observations were made during a 24-hr period each week,
such that a different test area of 100 rolls was examined every.2 hr. Thus,

no single roll was checked more than once a week. Checking for termite forag-
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ing activity involved a quick examination of the underside of each roll for
the presence of termites and, if present, a notation of the species and their
approximate number was made. In this manner 100 rolls could be examined in
about 30 minutes without greatly interfering with termite activities. The
narrower, deeper and more heavily spotted galleries of H. aureus were easy

to distinguish from those of G. perplexus.

Prior to each 2-hourly check several environmental parameters were mea-
sured. Temperature at 1, 3, 5, 10, and 15 cm below the soil surface, in a
roll and at the roll-soil interface were measured with copper-constantan ther-
mocouples. Soil surface temperature was measured with surface thermometers.
Soil temperatures used in our analysis were means of values measured at two
stations within the bait sampling grid. Air, roll-soil interface temperatures,
and relative humidity were continuously recorded on the south edge of the test
area. Rainfall was measured weekly with two simple, wedge-shaped, plastic
collecting gauges.

'Five size classes described the number of termites observed in each roll:
1-5, 6-50, 51-150, 151-250 and > 250. The median value of each class (2.5,
27.5, 100.0, 200.0 and 500.0) was used as the estimate of the number of ter-
mites foraging at a particular roll. The accuracy of the estimate was de-
termined at the end of the study by examination of 200 rolls from an undis-
turbed test area, assignment of a size class in the field as usual, and final-
1y a count of the termites in the laboratory. When the relationship was exam-
ined by linear regression and correlation, the estimated and observed values
of 35 foraging groups showed a highly significant correlation (r = .955).
Since the numbers of termites were consistently underestimated, the resulting
regression equation (Y = 2.04 + 1.875X) was used to adjust all estimated num-
bers of termites. '

Seasonal trends in forag{ng were determined by summing the estimated num-
bers of termites observed at the surface for all 12 test areas (over a 24-hr

period) each week for the 53 weeks of the experiment. These totals were
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plotted against mean daily temperature (roll-soil interface) for the 24-hr ob-
servation period and cumulative rainfall for the preceding week. Preliminary
regression analyses had indicated that these two parameters were the most use-
ful in explaining the number of termites foraging at the soil surface.

The relationship between number of foraging termites, mean daily tempera-
ture and daily rainfall was determined by multiple linear regression. Inde-
pendent variables were transgenerated to 1oge, reciprocal and square, and the
dependent variable transgenerated to log,. With the transgenerated variables,
models describing the above relationships were developed.

Seasonal Activity Trends

Heterotermes aureus foraged day and night throughout most of the year.

Figure 1 plots the total number of foragers observed at the surface of the
study area (1200 m2) during each of 53 24-hr observation periods from October
15, 1971, to October 13, 1972. The corresponding mean daily temperature (at
the roll-soil interface) for each observation period and the cumulative rain-
fall for the week preceding each period are included for reference. On only
two days were no foragers observed (December 17, 1971, and January 7, 1972,
when the mean temperatures were 4.8 and 9.9°C). However, foragers were ob-
served on one day with a lower mean temperature (December 10, 1971, at 4.0°C).
Wide daily temperature fluctuations are common, so that it would be difficult
to establish an upper or lower foraging limit based on a 24-hr mean, and prob-
ably not particularly useful.
Foraging was minimal from December through February with usually less
" than 2000 foragers observed during the 24-hr period. In the spring and fall,
foraging intensity was moderately higher than in the winter months. During
the summer it was high but erratic.
The number of foragefs generally increased with increasing temperature.
From October through December when the temperature (at the roll-soil inter-

face) was consistently below 20°C, rainfall appeared to have very little ef-
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fect on increasing the number of foragers. However, during the hot summer
months of June through September, even a slight amount of rain increased the
number of foragers, provided the temperature did not rise above 33°C. Above
330 (June 29-July 14, July 27-August 4, August 17-25, 1972), even with pre-

cipitation, foraging numbers dropped sharply.

Environmental Control of Foraging

H. aureus foraged at the rolls within a temperature range of 7.6 to 47°C.
This range apparently restricts the time which can be spent foraging. Temper-
ature also determines foraging intensity (number of individuals at the surface
per unit area) (1,9).

Plots of foraging intensity vs. environmental parameters indicated that
the relationship was not a continuously increasing function. Therefore, four

types of curves were examined for each of the environmental parameters:

Y=b0+le+b2X2,
In Y = by + by X + by X2,
In Y =

b0 +b1 X+b2/x

InY =bg+b X+b,lnX

1
where Y is the number of H. aureus foragers above the soil surface and X is
the environmental parameter. From this we determined that temperature at the
roll-soil interface would be the most useful.  Several equations utilizing
this temperature and daily rainfall were then constructed which will predict
the number of termites foraging above the soil surface (Table 1). Since all
equations have similar multiple regression coefficients they were examined for
Cp values (5) to select the best one. Equations in which the Cp to p ratio
was » 1.0 were not chosen (equations 2, 4 and 7, Table 1) because of their
bias in estimating error, The remaining are all good candidaées, but the best
equation must also be bidlogically sound. Equation 8 (Table 1) was eliminated
because it does not allow for a decrease in activity once temperature passes

an optimum. Equation 6 is chosen as the best because of its high multiple re-
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gression coefficient, only three indepent variables, and a low Cp/p ratio indi-

cating a random estimate of error.

Discussion

There are few reports of seasonal fluctuations in termite foraging activ-
ity. Although some authors feel it is difficult to distinguish between endog-
enous and exogenous control of such activity (6,7), temperature and moisture
(or evaporation) are most often the environmental parameters responsible for
these fluctuations (6). Bodot (6) investigated the seasonal foragiﬁg cycles

"
of Trinervitermes trinervius (Rambur), Ancistrotermes cavithorax (Sjostedt) and

Macrotermes natalensis (Haviland) in an African savanna and found these major

trends for each species: 1) foraging is continuous throughout the year with
seasonal fluctuations in intensity, 2) foraging intensity increases during the
short rainy season, and 3) foraging decreases at the start of the long dry sea-
son. The environmental parameters most highly correlated with increased forag-
ing activity differ according to each species' foraging behavior. T. triner-
vius harvests grass on the open soil surface. Its foraging activity has a
negative correlation with mean maximum temperature and evaporation, and a posi-
tive correlation with mean minimum relative humidity. A. cavithorax feeds by
covering dead wood and live vegetation with a shield of soil. 1Its activity
shows no correlation with temperature but is positively correlated with rain-
fall and negatively with evaporation. With M. natalensis neither rainfall nor
relative humidity has any effect on foraging. The key stimulus is increasing
temperature, which increases foraging activity.

Bodine (8) studied the activity of Gnathamitermes tubiformans (Buckley)

on a temperate grassland, where temperatures vary considerably more than in the
tropical savanna. He found that surface foraging activities were most highly
correlated with the temperature at 45 cm in the soil. On the basis of an equa-

tion containing soil temperature at 45 cm, air temperature, and soil moisture

at 45-60 cm, he claimed to’account for nearly 100 percent of the variability
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in numbers of termites at the soil surface. in his regression equation soil
temperature has a positive coefficient whereas air temperature and soil mois-
ture have negative coefficients. This implies that increased soil moisture
has the effect of reducing foraging populations. This is the only study we are
. aware of which makes this implication. Bouillon (7) considers moisture to be
of utmost importance in determining diurnal foraging cycles of tropical ter-
mites. Any weakness in Bodine's attempt to explain the control of foraging
activity is probably due to insufficient data.

The results presented in this study agree with Bodot's (6) general con-
clusions as stated above. Although it is possible that seasonal fluctuations
in number of foraging H. aureus were influenced by endogenous rhythms (7), our
data strongly indicate that temperature and rainfall are the primary control-
ling factors. DeBruyn and DeBruin (10) reported a quadratic relationship be-

tween ground level temperatures and numbers of Formica polyctena Forst work-

ers on a foraging path. Finnegan (1ll) reported an increase in foraging activ-
ity with increasing temperature for three species of Formica in Quebec. At
lower and medium range temperatures H. aureus foraging numbers increase loga-
rithmically with increasing temperature, but this effect is dampened at higher
temperatures.

Rainfall, with associated increases in soil moisture and humidity, and a
corresponding decrease in saturation deficit, accentuated the increase in for-~
aging numbers of H. aureus. In contrast ants, which have a more heavily scler-
otized cuticle, are less dependent on a low saturation deficit (11, 12) than
are termites (6,7).

Notwithstanding these obvious environmental parameters, internal colony
pressures may also affect foraging. Bouillon (7) found that the seasonal for-
aging cycle is also related t; an annual cycle of the number of individuals in
the colony, variable caste composition and nutritional status of the colony.
Bodot (6) found that foraging increased with the appearance of reproductive

nymphs in a colony and decreased after the appearance of winged reproductives.
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With H. aureus any such influence of colony nutrition or alate production was
not obvious. When nymphs were present, from late November to early June, for-
aging was not particularly intense even though temperatures were very favor-
able.

In the Sonoran Desert, H. aureus forages throughout the year under a wide
range of temperatures. While foraging intensity is regulated primarily by
temperature, its effect is modified by soil moisture. An equation describing
this relationship will be coupled with temperature-dependent wood-consumption
rates to estimate the quantity of wood processed by this termite in a desert

grassland ecosystem.
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