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Summary

The internal and external temperatures of ten Coptotermes lacteus (Hill) mounds in south-eastern Australia were monitored for
four years to determine the relationship between internal mound temperatures and ambient conditions. The ambient environment
of these mounds ranged in temperature from -5 to 40° C over the study period. Variation in in-situ ambient temperature (measured
by external mound temperature probes) was similar to ambient temperature recorded for the region (nearby weather station).
However, internal mound temperatures were highly moderated and remained within a narrow range on a daily basis and always
near the maximum daily temperature. During winter, when ambient temperatures were reduced below zero, internal mound
temperature rarely declined below 15° C. On the rare occasions that ambient temperature reached above 35° C, internal

temperatures remained at or about 35° C.
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INTRODUCTION
Termites are capable of constructing some of the most
elaborate nests of any insect groups on earth, housing
over a million individuals (Arab et al. 2017, Evans et
al. 1999, Gay and Greaves 1940, Korb 2003, Lee et al.
2017). They are capable of tightly regulating the
internal temperature and humidity of the nest by
structural and behavioural means to optimise survival
of the colony (Argawal 1980, Cameron et al. 2008,
Field and Duncan 2013, Holdaway and Gay 1948,
Joseph et al. 2016, Korb 2003, King et al. 2015,
Watson and Abbey 1986). Many species construct
earthen mounds which provide insulation from
temperature extremes in both hot and cold climates
(Bristow and Holt 1987, Field and Duncan 2013, Korb
2003, Korb and Linsenmair 1999, Malaka 1977,
Watson and Abbey 1986) while others may construct
nests in living or dead trees, stumps and fallen timber
as well as in built structures (Greaves 1962, 1964,
1965, Horwood et al. 2010, Lee et al. 2017, Nobre and
Nunes 2008) with similar thermoregulatory outcomes.

Coptotermes lacteus is common along the east coast of
Australia from southern Queensland to eastern
Victoria forming large well insulated mounds reaching
ca. 2 m in height and up to 2 m in diameter (Gay and
Greaves 1940, Hill 1942). Coptotermes lacteus is not
considered to be a species of economic importance
(Hill 1942) but is a useful surrogate for more
destructive species because of its discrete and easily
accessible colonies (Webb 2017a). Despite this, the
dynamics of temperature regulation in C. lacteus
mounds has not been extensively studied. Greaves
(1964) noted that the thick outer clay wall of C. lacteus
mounds provided more efficient insulation than the
thinner wall of the smaller nests built by Nasutitermes
exitiosus (Hill) in similar environments. Coptotermes
lacteus also appears to be more cold tolerant than N.

exitiosus (Gay and Greaves 1940). Despite ambient
variations of up to 17 °C in winter, temperature
variation in the nursery area of the C. lacteus mound
remained less than 1 °C. Later work by Ewart and
French in the 1980’s (Ewart and French 1986, French
et al. 1997) confirmed that C. lacteus was capable of
maintaining a core nursery temperature much higher
than the ambient temperature, or for that matter other
locations in the mound, a differential of 15-20 °C.
However, they seem incapable of maintaining a
constant core temperature across seasons with ambient
temperatures spanning a range of close to 30°C.

More recent work associated with studies on baiting
colonies of C. lacteus with the benzoylphenylurea
compound bistrifluron (Webb 2017a and b) and
northern mound-building Coptermes acinaciformis
(Froggatt) (Evans 2010) have provided additional data
on the effects of colony collapse on the temperature
dynamics of the mound. Colonies quickly lose the
ability to maintain an optimum temperature in the
mound as colony health declines. This study is a
continuation of the work on C. lacteus in that it utilises
the mound temperature data of untreated colonies from
these studies in 2011 and 2012 together with continued
monitoring of these untreated mounds through to
September 2015, a period of 4 years from
commencement of the baiting studies. The aim of the
study was to determine the extent to which C. lacteus
regulates internal mound temperature.

MATERIALS AND METHODS
During the period between spring 2011 and Autumn
2012, a series of trials were established to evaluate the
efficacy of bistrifluron termite bait (Xterm® Defence
Against Termites, Sumitomo Chemical Australia Pty
Ltd, Sydney, Australia) on C. lacteus near Robertson
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in southern New South Wales (Australia), 150 km
south of Sydney (Lat: 34.58° S Long: 150.59° E). The
field sites were in montane pasture and forest (altitude
ca. 700 m). Average annual rainfall for the area is 1659
mm which is spread fairly evenly across the year.
Average summer (January) minimum and maximum
temperatures are 16 and 26 °C respectively and the
average winter (July) range is 6-16 °C. (Moss Vale
weather station).

Eleven untreated mounds were evaluated during those
trials for a range of measures to assess colony health
including the ability to repair the mound after
experimental damage (see Webb 2017a and Webb
2017b for further detail) and maintenance of internal
core temperature. The monitoring of temperature in
the treated mounds in these trials ceased when the
mounds were excavated to evaluate continuing colony
viability but monitoring continued in untreated
mounds until September 2015, four years after the
commencement of the first trial. One untreated mound
from the second trial was found to be devoid of termite
activity during the trial and the colony considered
dead. Hence only 10 untreated mounds were used for
ongoing temperature monitoring. All mounds were
large with mean height of 1.72 m (range 1.6-2.0 m) and
mean diameter at ground level of 1.73 m (range 1.5 —
2.0m).

Temperature Monitoring

A 25 mm hole was drilled horizontally into the side of
each mound at 50 cm in height above ground and a 40
cm length of PVC tube was inserted which encased a
tight fitting wooden dowel. The hole was always
positioned on the south side of mound but varied in
some cases from SW to SE. On each end of the dowel
a temperature iButton (DS1921H) (Thermodata Pty
Ltd, Brisbane, Australia) was secured using electrical
conduit tape, one to record internal mound temperature
and the other for ambient temperature. Each end of the
PVC tube was capped with a PVC cap to prevent
termite entry. The inner cap was positioned in the
carton material and the outer cap just on the outside of
the clay casing. To read the Thermodata buttons, the
outer cap was removed and the internal wooden dowel
removed. Data from the Thermodata buttons was
downloaded using a dedicated reader and software on
a regular basis, usually monthly during the baiting
phase of the trial then approximately 3 monthly from
then on. Internal mound temperatures were recorded
every 4 hours from initial installation of the
temperature probes on 11 November 2011 in trial 1, on

29 November 2011 in trial 2 and 1 February 2012 in
trial 3 (Webb 2017a, b). The baiting phase of each of
these trials concluded on 30 January 2012, 30 March
2012 and 31 May 2012 for trial 1, 2 and 3 respectively.
Temperature probes in the ten untreated mounds were
allowed to continue operating past the end of these
baiting studies, through till September 2015. There
were periods of inactivity for a few probes ranging
from 1 week to 3 months due to probe failure. Failed
probes were replaced as they were discovered.

DS1921H had a lower temperature limit of 14.5°C and
maximum of 45 °C. On 6 May 2013, all DS1921H
buttons were replaced with DS1921G buttons which
had an extended range of -40 to 85°C. The trade-off
was the increase in temperature increments from 0.1 °C
to 0.5°C.

Statistical analysis

Pearsons product moment correlation (Statistix ver. 10,
Analytical Software, Florida) was used to evaluate the
relationship between ambient temperature
measurements for the local weather station and the
external probes on mounds. Otherwise, all other data
is presented graphically.

RESULTS

Relationship between ambient temperature
measures

The mean temperature profile recorded with probes
placed at the mound surface to record in-situ ambient
temperature was similar to local weather station
records (Figure 1). Mean maximum and minimum
daily temperatures for the in-situ outer probes were
highly correlated with daily records from the local
weather station (n = 1418 days) (r = 0.947, p < 0.001
and r = 0.743, p < 0.001 respectively). When the
period which utilised the less sensitive I-buttons (up to
May 2013) (n =877 days) was excluded the correlation
between minimum temperature was even higher (r =
0.994, p < 0.001). This resulted from the differential
in the lower limit of these new probes (-40 °C) vs 14.5
°C for the original probes. Temperature ranges
recorded in situ were generally more constricted than
local weather station ranges (Figure 1). This is more
clearly seen on an average monthly basis particularly
for minimum temperatures (Figure 2).
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Figure 1: Overlay of daily temperature ranges for the local weather station (grey) and the outer temperature

probe (red). (Probes were replaced in May 2013 to allow temperature recordings below 14.5 °C (the lower capacity
of the earlier probes).
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Figure 2: Relationship between weather station records and the in-situ outer probes showing monthly mean

maximum and minimum temperatures. NB. Probes were replaced in May 2013 to allow recording of temperatures
below 14.5 °C.
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Mound core temperature

Mean internal daily core temperature range was very
tight (1-2 °C) (Figure 3) and consistently so across
seasons and years. With the exception of extreme
summer temperatures, the mean internal temperature
was almost always higher than the mean external
temperature, particularly in winter (Figure 3) and
similarly on a monthly basis (Figure 4). This was
despite a large difference between individual mounds

in their maximum temperatures across most of the
study period (Figure 4). During summer, maximum
internal mound temperatures ranged as high as 38 °C
(2014) and as low as 23 °C (2011) for any one mound.
During summer, minimum temperatures ranged from
as high as 26 °C (2015) and as low as 23 °C. The year
2011 was generally the coolest while the following
three summers were similar to each other.

Figure 3: Mean daily internal core temperature range (black) relative to daily external mound temperature
range (grey). NB. Probes were replaced in May 2013 to allow recording of temperatures below 14.5 °C.
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Figure 4: Mean monthly internal mound minimum and maximum temperatures with SEM bars (fine black
lines), absolute monthly minimum and maximum internal mound temperatures (thick black lines) and monthly
mean ambient temperature range from nearby weather station (vertical bars). NB. Temperature probes were

changed in May 2013 to record temperatures below 14.5 °C.
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Figure 5: Mean and maximum daily temperature change internally. Average Monthly (above) and Average
Daily (below). Grey lines represent daily or monthly fluctuations and dark lines represent average daily or
monthly fluctuations. NB. Probes were replaced in May 2013 to allow recording of temperatures below 14.5 °C.
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Figure 6: Percentage of average minimum, mean and maximum daily internal mound temperature differences
in 0.5 °C increments during the study (n = 1418 days).
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The daily internal mound temperature fluctuated
between seasons (Figure 5) with lowest variation
occurring during winter and the highest during
summer. On a monthly basis the minimum average
variation was ca. 0.4 °C for winter and summer was ca.
0.8 °C when the period up to May 2013 is excluded.
The summer season of 2011-12 and subsequent winter
period had lower average temperatures than the
corresponding periods of the subsequent 3 years.
However, these average value masked variations
evident at the daily level which reached up to 3.5 °C
(December 2013) (Figure 6). On a daily basis, the vast
majority (98%) of differences for the minimum

temperature were 0.5 °C or less (Figure 6). For the
maximum daily difference just 33% of days fell into
the lowest category (0.5 °C or less) (Figure 6). Clearly,
there was higher variation in maximum daily
difference than minimum daily difference. When
dissected by season (winter, spring, summer and
autumn) (Figure 7) it was clear that the minimum
temperature range remained relatively low (0.5 °C or
less) across all seasons but for spring, summer and
autumn the maximum temperature range was variable
with just 20, 25 and 32% respectively in the lowest
category.

Figure 7: Percentage of average minimum, mean and maximum daily internal mound temperature differences
in 0.5 °C increments for the four seasons (n = 321-368 days).
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Dealing with averages across a large data set like this
obscures some important differences between mounds.
For instance, the lowest mean core temperature was 13
°C while the mean external mound temperature was
close to zero. The absolute lowest core temperature
was 8.5 °C whilst the accompanying ambient
temperature was -1 °C.. Even at such low temperatures
these mounds were able to survive. Similarly, the
highest mean core temperature was 32.5 °C while the
mean external mound temperature was 38.2 °C. The
absolute highest core temperature was 37.1 °C whilst
the accompanying ambient temperature was 39.7 °C.

DISCUSSION
Despite living in an environment that may experience
extremes of ambient temperature from well below zero
in winter to 40 °C in summer, C. lacteus colonies are
remarkably adept at maintaining hospitable conditions
in their mounds, particularly in the centre of the mound
where the nursery resides. Previous studies have
shown that colonies are able to maintain nursery
temperatures well above (ca. 15-20 °C) the
surrounding soil and ambient air temperatures but like

Summer Summer Sum mer

90%
80%
70% m3.01-35
w2513
60%
2.01-2.5
50%
1.51-2.0
40%
1.01-1.5
30%
m0.51-1.0
20%
m0-0.5
10%
0%

Min Mean Min Mean Max
Autumn Autumn Autumn

most other species they are unable to maintain a
constant temperature across seasons (Ewart and French
1986, French et al. 1987, Greaves 1964, Watson and
Abbey 1986).

Coptotermes lacteus was able to maintain a very tight
daily range of temperature (1-2 °C) in the core of the
mound across all seasons and all years despite
significant daily variation in ambient temperature of up
to 20 °C or more at the mound surface or in ambient
temperature. This was tightest during winter (ca. 0.5
°C) and highest during summer (up to 3 °C but mostly
ca. 1.5-2 °C).  Summer daily internal mound
temperatures (excluding 2011-12) ranged up to 35-36
°C. For 2011-12 the maximum daily temperature was
32 °C. For the summers of 2013-14 and 2014-15 (after
the instalment of the more sensitive I-buttons) the
winter minimum temperature of the core of the mounds
was in the range of 13-14 °C. Individual mounds
showed a wider range of core temperatures during the
study from the absolute lowest at 8.5 °C in winter
(2012) to the absolute highest at 37 °C in summer
(2012-2013).
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Termites are effective at maintaining internal nest
temperature well above ambient in winter and have
also been shown to reduce extreme summer
temperatures through various behavioural means (e.g.
colony movement within the mound, termite
aggregation to increase metabolic heat, transporting
water into the nursery, creating voids in the upper and
outer reaches of the mound to capture condensation,
creating vents to exhaust gases, creating voids to
capture higher temperature gases etc.) (Bristow and
Holt 1987, Gouttefarde ef al. 2017, Hu and Song 2007,
Jones and Oldroyd, 2007, King ef. al. 2015, Korb
2003, Ndlovu and Perez-Rodriguez 2018). Large
mounds can also contribute to mound temperature
stability (Field and Duncan 2013, Korb and
Linsenmair 2000). C. lacteus does not appear to create
obvious vents or voids that some arid zone species do,
but it does utilise colony movement to position the
brood in the optimal position depending on the season
(Ewart and French 1986) and aggregation during
winter may also contribute to temperature stability.
Presumably, the creation of large mounds in a
successful colony, also contributes to temperature
stability. Most mounds used in this study were
relatively large being ca. 1.7 m in height and ca. 1.7 m
in diameter at ground level and therefore presumably
better able to deal with extremes of temperature.

Field and Duncan (2013) also used I-buttons to record
mound temperature of Trinervitermes trinervoides
(Sjostedt) in South Africa. As with C. lacteus mounds
of T. trinervoides are closed ventilation systems with
no external openings. Mound size influenced the
thermodynamics of 7. trinervoides colonies but in C.
lacteus during this study, mounds were generally of
similar size, which avoided variation based on mound
size. Nevertheless, there was still substantial variation
in core temperature attributable to factors other than
mound size. This variation could be accounted for by
mound location and microclimate or size of the colony
and particularly size of the brood. Field and Duncan
(2013) also found that T. trinervoides maintain internal
temperature well above that of ambient temperature in
all seasons.

Some practical considerations of trial design may have
influenced the results in this trial. For instance, I-
buttons were set to record temperature every 4 hours.
Therefore, the absolute maximum and minimum
temperatures for any one day may have been missed.
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