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Termites are an uncertain component in the globaice budgets of CHand CQ. Large
seasonal variations in termite mound fluxes havenbeeported in tropical savannas
which should be accounted for when scaling up tauahbudgets. The factors driving
these seasonal variations in termite mound fluxes umknown. This paper aims to
explain the processes responsible for these sdaganations in CH and CQ fluxes
from the mounds oMicrocerotermes nervosus (Hill) in Australian tropical savannas.
Fluxes of CH and CQ measured from termite mound sub-samples in thardairy were

a direct function of termite biomass in those mosath-samples. Termite biomass in
mound sub-samples was 10 fold greater in the wataseas compared to the dry season,
and was the main factor responsible for the obseseasonal variations in mound fluxes.
When expressed per unit termite bioméssnite fluxes were 1.2 (Cjland 1.4 (CQ
fold greater in the wet season compared to theselagon. However, the slightly greater
flux emissions per unit termite biomass in the sedson can only explain a small part of
the large seasonal variations in mound fluxes. e of mound diffusivity, measured
indirectly, and seasonal variation in gbixidation by mound material was negligible in
driving the seasonal variations in moundQldxes. The short term effect of temperature
on flux was significant while that of moisture waset. These results emphasize that
seasonal termite population dynamics are likelynttaén driver for the observed seasonal
differences in mound fluxes of GHand CQ. These findings highlight the need to
combine future studies of termite fluxes with diei@istudies of termite population

dynamics.
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1. Introduction

Termites are one of the most uncertain componentsa global budgets of Gldnd CQ
(Bignell et al., 1997; Brummer et al., 2009; Khadl al., 1990). This uncertainty is
mainly associated with scaling up factors, suclylabal estimates of termite biomass or
number of nests (Khalil et al., 1990), and the latkrocess-based understanding of,CH
and CQ exchange between termites and the atmosphere.mforiant factor for
consideration in the scaling up of fluxes from tees is the large seasonal variations in
termite mound fluxes of CHand CQ. CH;, fluxes from a mound dfoptoter mes lacteus

in summer were greater than rest of the three ssasombined in the sub-tropical
Australia, with large seasonal variations in mou@, fluxes as well (Khalil et al.,
1990). In the tropical savannas of northern Austr&H, fluxes from the mounds of four
termite species were 5 to 26 fold greater in theseason as compared to the dry season
(Jamali et al., 2010). In an Australian tropicains@rid woodland, Holt (1987) reported
large seasonal variation in G@uxes from the mounds dimitermes laurensis. These
seasonal variations in mound fluxes have mainhynlerelated with temperature in the
sub-tropics (Khalil et al., 1990), and with moigtun the tropical savannas as there is
only a small variation in temperature in the tr@gbisavannas on seasonal scale (Jamali et
al., 2010). While the effect of temperature on tiegrfiluxes of CH and CQ have been
reported (Jamali et al., 2010; Shelton and App80D02 Zimmerman and Greenberg,

1983), the effect of moisture is still unknown. Hawer, to our knowledge no process
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based study has been conducted which could confienfactors causing these seasonal
variations in mound fluxes of GHand CQ in the tropical savannas.

The observed seasonality in mound fluxes of,@rld CQ can be caused by a number of
different factors, such as emissions per time, iterrbiomass, termite activity, gas
diffusivity of termite mound material and Giptake by mound material:

First, these seasonal variations in mound fluxegdcbe caused by a seasonal change in
emissions per unit termite biomass. Environmental factors, such as temperature, on@st
or food quality can change the rates of metabodisohrespiration in termites.

Second, the seasonal dynamics in mound fluxes afg@id CQ could also be caused by
changes in the number of termites per mound. For example, certain termite species can
lose up to 50% of their colony biomass as a regidtvarming (Wood and Sands, 1978).
Third, seasonal variation bermite activity such as foraging outside mounds can result in
seasonal variation in mound-based flux measuremdimis can have implications on
termite flux estimates based on termite moundseglas only a fraction of the termites in
the colony will be present in the mound whilst tleenainder of the termites will be
emitting CH, and CQ elsewhere in the ecosystem.

Fourth, termite mound walls are mainly composedaf and can oxidize a fraction of
CH4 produced by termites inside mounds as a resultmethanotrophic activity
(Sugimoto et al., 1998). Variable mound water cot#@cross seasons can catseable
CH, oxidation rates (and thus variable mound GHluxes) as oxidation rates can be
influenced by moisture. Seasonal variations in ndoflaxes of CQ can also be partly
because of the effect of moisture and temperatarth® respiration of microbial biomass

in the mound walls (Holt, 1987).
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Fifth, seasonal variation imound diffusivity as a result of changing mound water content
can also cause seasonal variation in mound fluxes.

The main aim of this study was to investigate fo first time the factors causing the
seasonal variations in mound fluxes of £&hd CQ in the tropical savannas. All the
experiments were conducted ficrocerotermes nervosus which is one of the most
common mound-building termite species in northemstfalia (Watson and Abbey,
1993). The objectives were to investigate the:s@gsonality in ClHand CQ emissions
per unit termite biomass, (2) seasonality in teeniiomass dynamics in mounds; (3)
seasonality in mound diffusivity and fluxes of mdumaterial as a result of microbial
activity, and (4) short term effect of temperatared moisture on termite (not mounds)

fluxes of CH, and CQ.

2. Methods
2.1 Site

Field work was conducted in a savanna woodlanchatGSIRO Tropical Ecosystems
Research Center (TERC 12° 24" S, 130 ° 55” E), haewin in northern Australia. The
vegetation is dominated biucalyptus tetrodonta F. Muell andE. miniata Cunn. ex
Schauer over a ground layer of annual and pere@#ajrasses, and a thick litter layer

(Dawes-Gromadzki and Spain, 2003).

2.2 Field-based flux measurements

Five mounds oMicrocerotermes nervosus (Hill) were repeat-measured for GEnd CQ

fluxes between February and December 2009, atvalteof four to six weeks. Mound
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selection was not random; rather mounds in locatithrat permitted easy access for
measurements were selected. Fluxes were measuirggl static manual chambers of
volume 0.02 M constructed from polyvinylchloride. A collar wasrmanently installed
around the mounds to a soil depth of 3 cm. A chanabeequal circumference to the
collar was carefully placed over the mound and ected to the collar using a ribbon of
closed cell foam and several tension spring-clamips chamber was then connected on
the other end to a Los Gatos Research ('§Fast Greenhouse Gas Analyzer (FGGA)
through a pair of gas tubes and SwagBfopush-fittings. A LCD screen was attached to
the FGGA which displayed the Glnd CQ concentrations measured at a frequency of
1Hz (i.e. one sample per second) for a periodwef finutes per chamber. The operation
of the FGGA is based on an off-axis integrated tyamiitput spectroscopy combined with
a highly specific narrow band laser for the detecidf CH, and CQ strongly reflective
mirrors to obtain a laser path length of 2x203 m. Further technical details on FGGA
operation can be found in Hendriks et al. (2008)x Fwas calculated from the linear
change in the concentration of €ahd CQ in the chamber headspace by multiplying the
slope (ppm hour?) by the chamber volume (L) and dividing by the méwbasal area

(m?). Flux was then corrected for temperature andspresbased on the ideal gas law.

2.2.1 Auxiliary environmental measurements

Mound temperature bung Was measured immediately after the mound flux
measurement by horizontally inserting a hand helole®almef stainless steel
temperature probe 6 cm into the mound. Mound waiatent was not directly measured
to avoid destruction of the mounds required foreetpneasurement of Gldnd CQ flux

across the seasons. Instead, soil water contentw@s) measured gravimetrically by
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collecting five soil core samples from the top 6 ext to each mound using a brass soil
sampling ring. These were weighed, oven dried & 40 and reweighed. Monthly
rainfall (mm) data was obtained from the Darwinplirt meteorological station of the

Bureau of Meteorology, Australia; located less tBdam from the TERC site.

2.3 Flux and termite biomass measurements in tiaddory

Sub-samples (n = 22) fromdl. nervosus mounds were collected in 3 L glass jars and
equilibrated at 25°C for five hours in a tempematoontrolled room at Charles Darwin
University, prior to measurement of ¢knd CQ fluxes. Fluxes were measured by
connecting the glass jars to the FGGA and obseraifigear change in the headspace
concentration of Clland CQ at a frequency of 1 Hz for a period of 10 minufestmite
biomass was determined immediately afterwards leaking down the mound sub-
samples and collecting individual termites usingcéps. The fresh biomass of workers
and soldiers were weighed separately to an accwhd@* g. The mean biomass of an
individual termite within a caste (i.e. workers|dsers and alates) was determined by
weighing 10 individuals from each caste from mofkttle mound sub-samples. The
volume of mound sub-samples was measured, befeekibg and removing the termites,
by cling-wrapping the sample in a thin plastic sheed placing it in a partially water
filled calibrated container. The volume of displdceater was subtracted from the
chamber volume to calculate the net headspace eol#s hand sorting is a time
consuming process, a maximum of only two mound sarbples were collected and
measured each day. This experiment was carriethdagth the wet (n = 22) and the dry

(n = 22) season and was completed within a two vpeelod for both seasons.
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Fluxes were also measured from the mound matéaahtas left over after removing the
termites from mound sub-samples. These mound rahtaimples were incubated for 20
minutes using the same set up as described abavendabating mound-samples
containing termites but using 1L glass jars. Sealsdifference in fluxes from mound
material would explain the role of GHbxidation and microbial respiration in causing
seasonal variations in mound fluxes of thd CQ. These fluxes from mound material
were subtracted from the gross fluxes of moundsarbples, measured before removing

the termites, for calculating the net £&hd CQ from termites only.

2.4 Gas diffusivity measurements of mounds

Seasonal difference in gas diffusivity of mound lwehs measured indirectly by using
the ratio of internal mound CHoncentration and mound GHux. In this experiment,
11 mounds oM. nervosus were repeat-measured for mound,Gldx and internal mound
CH, concentration in the wet and the dry seasonstnatenound ChH concentration was
measured immediately after the mound flux measunénby collecting 20 ml gas
samples from mounds using a syringe and tube. Thasesamples were immediately
transferred to pre-evacuated glass vials (Labcddixer) which were analyzed for GH
concentration (ppm) using an auto-injected gas roatograph (GC, Shimad?{,
GC17a) at the Creswick laboratories of the Uniwgrsf Melbourne. Seasonal variation
in CHy flux to internal mound CId concentration ratio, and the consistency of
relationship between mound @Hlux and internal mound CHconcentration across

seasons would help explain if there is a seasaffat@ehce in mound wall diffusivity.

2.5 Effect of temperature and moisture on laboyatimite fluxes
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The short term effect of temperature on termitedkiwas measured in the laboratory,
using mound sub-samples (n = 5)Mf nervosus that contained termites collected from
TERC. These were kept in 3 L glass jars and hoirseademperature controlled room at
the Charles Darwin University, NT, Australia. Flgxevere measured at three

temperatures, 25°C, 35°C and 15°C, after equiligdor 6 hours at each temperature.

The effect of moisture on termite fluxes was inigeded by measuring fluxes before and
after placing wet calico cloth pieces in the jarsaonstant temperature of 25°C; using
the same set up as described for the temperatieet.gfluxes from the wet calico were

also measured and subtracted from the total fluxes.

2.6 Data analysis and presentation

SPS3SM 16.0 was used for the statistical analyses of.dBtatistical significance was
defined at p< 0.05, unless otherwise stated. Note that origilzah was used in all the
figures and transformed data was used for staldests where necessary as stated.

A simple linear regression (n = 30) was used fetitg the relationship of mean mound
fluxes (CH, and CQ), measured in field, with mean mound temperatue mean soil
water content.

A simple linear regression (n = 22) was used fetitg the relationship between mound
CH, flux (ug CH-C m? h) and internal mound Citoncentration (ppm). A paired T-
test (n = 11) was used for analyzing the signifoeaaf difference in the mound GHux

to mound internal Cliconcentration (ppm) ratio between the wet andltiyeseasons.

For the fluxes measured from mound sub-samplethenlaboratory, a simple linear
regression analysis was used for testing the oglstiip between termite biomass and flux

(CH; and CQ) separately for the wet (n = 22) and the dry (22) seasons. An
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independent sample T-test (n = 22) was used fdyzng the significance of difference
in flux per unit termite biomass between the wet dhe dry seasons; data was
transformed using In(flux). An independent samplesdt (n = 22) was also used for
testing the significance of difference in termiterbass per unit mound sub-sample mass
between the wet and the dry seasons; data wasfamaresl using the log(termite
biomass).

For analyzing the effect of temperature on flux€}@emperature coefficient, which is a
measure of the rate of change of a biological @ndbal system (in this case ¢lnd
CO; flux) as a consequence of increasing the temperdiy 10°C; was calculated as

follows:

(T,-1)
Q= (F—j @

where F,, are fluxes at two different temperatures, ahds corresponding room
temperature (°C). g was calculated for a temperature range of 15 t&C28nd 25 to 35
°C.

Paired sample T-test was used for analyzing theceff moisture on CHand CQ

fluxes from the mound sub-samples (n = 5); datatveassformed using lag(flux).

3. Results
3. 1. Seasonal fluxes measured in field
CH,

Mound CH, fluxes measured in field fromd. nervosus were 3.5 fold greater in the wet

season compared to the dry season. Mean moundlGHvas 1465 + 293 pg CHC mi?

1C



231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

h™ in the wet season and 417 + 74 ug,&Hm? h in the dry season (Fig. 1). There was
a significant relationship = 0.69, p< 0.05) between soil water content and mound
CH, flux, but no significant relationship between mduemperature and mound ¢H
flux (Table 1).

CO,

Mean mound C@flux was 601 + 98 mg CEC mi* h' in the wet season and 173 + 34
mg CQ-C m? h' in the dry season, i.e. a 3.5 fold difference (Fiyy There was a
significant relationship (R= 0.69, p< 0.05) between soil water content and moung CO
flux, but no significant relationship between moutednperature and mound g@ux
(Table 1).

The 2009 dry season broke in the Darwin region wvéth.4 mm rainfall event in
September (Bureau of Meteorology, 2009). Mound diixvere measured a few days
before and within a few hours after this rainfalest. There was a 10 to 50% increase in
mound CH flux and a 10 to 80% increase in mound,@ldx as a result of this rain (Fig.
2). A paired T-test showed a significant differerfpec 0.05) in mound fluxes (CHand
CO,) measured before and after the rain event (Fig.dd)a was transformed using
logio(flux). Mean mound temperature and mean gravimewit water content was 32.4
°C and 5.7% before this rain event and 33.4 °C1dh@ % after the rain, respectively
(data not shown).

3.1.1 Measurements for mound diffusivity

There was a significant relationship between moGht] flux and internal mound CH
concentration (R= 0.85; g 0.01) regardless of season (Fig. 3a). The diffszeim
‘mound CH, flux to internal mound Cldconcentration ratio’ between the wet and the dry

season was not significant (Fig. 3b).

11
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3.2 Fluxes measured in laboratory from mound sutpézs
CH,

There was a strong and significant positive linedationship between termite biomass
and CH flux both in the wet (R= 0.81, p< 0.001) and the dry (R= 0.86, p< 0.001)
season (Fig. 4a). Mean GHux was 9.9 + 0.8 pg CHC g termité* d™ in the wet season
which was significantly greater ¢p0.01) than the 8.1 + 0.6 ug Gi& g termité" d* in

the dry season (Table 2). Thus, mean, @tk expressed per unit biomass was 1.2 fold
greater in the wet season than the dry season flGxes from the mound material after
the termites had been removed were negligible bothe wet and the dry season (data
not shown). We did not observe a linear change i €oncentration in jars during
incubation of mound material which indicates vesy Imethanotrophic or methanogenic

activity in the mound material regardless of season

CG,

There was a significant positive linear relatiopsbétween termite biomass and {{Dx
both in the wet (R= 0.85, p< 0.001) and the dry R= 0.91, p< 0.001) season (Fig. 4b).
Mean CQ flux was 3.7 = 0.8 mg C&C g-termité" d* in the wet season which was
significantly greater (p< 0.01) than the 2.7 + 0.2 mg GG g-termité' d’ in the dry
season (Table 2), i.e. 1.4 fold greater on a pérhiomass basis. C{fluxes from the
mound material (microbial respiration), after renmgvthe termites, were greater in the

wet season as compared to the dry season (dashowh).

12
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3.3 Seasonal variation in termite biomass in mounds

As determined from mound sub-samples, there wagrdafisant relationship between

termite biomass and mound mass R0.46, p< 0.001) in the wet season but not
significant in the dry season (Fig. 5). Termiterbass was 35.0 + 3.8 g-termite kg-
mound® in the wet season and 3.6 + 0.9 g-termite kg-mdundhe dry season (Table 2).
Thus, mean termite biomass in mound sub-sampled Wéald greater in the wet season
as compared to the dry season. In the wet seasmles mound sub-samples were
collected than in the dry season because of thategréermite biomass density and

therefore the time required for separation and re&xho

Soldiers comprised only 5 to 6% of the total teenbtomass in a mound, with workers
and alates comprising the rest (Table 2). The ptap@l contribution of workers and
alates was not determined because of their siipiigsical appearance. Mean mass of an
individual worker was similar in the wet (1.34 ©8.mg) and the dry (1.41 + 0.07 mg)
seasons, as was the mean mass of an individuaéssoidhe wet (1.87 + 0.02 mg) and
the dry (1.91 £ 0.11 mg) seasons (Table 2). Meassna an alate could only be
measured in the dry season (2.8 = 0.05 mg) as diafges leave the mounds early in
the wet season (Table 2). Thus mass per termiteinw#se order of alate > soldier >

worker.

3.4 Effect of temperature and moisture on flux

For CH,, the Qo was 4.6 between 15 and 25 °C and 1.2 between@3%AC (Fig. 6).

For CQ, the Qowas 5.4 between 15 and 25 °C and 1.4 between®8%=fC (Fig. 6a).
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The difference in Chland CQ fluxes measured before and after adding moistutbe
jars was not significant (Fig. 6b), although theras an increase in termite activity and

gallery construction.

4. Discussion

4.1 Seasonal dynamics in termite mound biomass

This study demonstrates for the first time thatseeal variations in fluxes of GHand
CO, from termite moundsn tropical savannas are mainly caused by the sahso
variation in termite biomass in those mounds. Wentba 10 fold increase in termite
biomass in mound sub-samples in the wet seasonmpaced to the dry season (Table
2). We suggest that this was the main factor cgutie seasonal variations in mound
fluxes measured in the field which were 3.5 foldthis study (Fig. 1) and 8-9 fold in
Jamali et al. (2010), as fluxes of ¢bnd CQ from mound sub-samples were a function
of termite biomass in those mound sub-samples &Fig.

There are three probable explanations for the gbdeseasonal dynamics M nervosus
termite biomass in these mounds:

i) Seasonal dynamicsin termite mound population as part of the reproductive cycle

The literature on the life cycle of Australian teétes is scarce. Fovl. nervosus, like most
tropical species of family Termitidae, swarming alu occurs with the onset of rains
between October and December (Hill, 1942); duviiich time winged alates establish
new colonies (Nutting, 1969). Termite colony biosiaan be reduced by up to 50% as a
result of swarming (Wood and Sands, 1978), but\higes for different termite species
(Lepage and Darlington, 2000; Nutting, 1969). Gahgr swarming is immediately

followed by egg production, which peaks during Wet season (Matsuura et al., 2007).
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Mature termite populations peak in the dry seatulgwed by swarming with the onset
of rains (Noirot, 1969). However, this suggestdeclycle pattern does not concur with
our observations that the greatest,GiHd CQ fluxes and greatest termite biomas#in

nervosus mounds occur in the wet seagdamali et al., 2010).

i) Seasonal pattern in termite foraging activity

One possible explanation may be that there arerge laumber of termites foraging
outside the mound in the dry season compared tavdieseason, which could explain
apparent lower termite numbers in the mound. Thisupported by suggestion that
termite foraging activity is governed by the enemgyd protein needs of the colony
(Buxton, 1981) which, in tropical areas is greatesthe dry season during nymphal
(alate) maturation (Lepage and Darlington, 200@). the Macrotermes species (Bodot,
1967; Lepage, 1982; Wood et al., 1977) dnthervitermes geminatus (Ohiago, 1979)
studied in African savannas, the peak of foragiotivily always occurred in the dry
season. This has been suggested as the main feasonaller termite population in the
dry season in the moundsTfinervitermes ebenerianus in the Nigerian savannas (Sands,
1965). In a humid tropical forest of Cameroon, Qjbet al. (1998) observed greater
termite abundance and species richness in the(rsatilmounds) in the dry season as
compared to the wet season. Furthermore, the ahoadand species richness of these
termites was significantly and negatively correfate the amount of rainfall 48 hours
preceding termite sampling. In our study, we obséran increase in GHand CQ flux
from termite mounds following the ‘break of rairafter the 2009 dry season (Fig. 3).

This response of mound flux to rainfall may be asged with termites being restricted
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to the mounds due to the wet conditions outsidendsunot being suitable for foraging
(Dawes-Gromadzki and Spain, 2003).

Iii) Seasonal vertical movement of ter mites

Another theoretical explanation could be verticabvements of termites within the
mound. Water requirements for termites are generadry high as most species are
poorly protected against dehydration (Collins, )96Bermites usually maintain high
humidity levels within the mound (Noirot, 1970). Wever, in the dry season when the
desired humidity level cannot be sustained, theeugart of the mound is often left
empty (Noirot, 1970). Thus, in the dry season tlegonity of some termite populations
resides in the lower and/or underground sectionthefmound, where conditions are
more moist and humid (Noirot, 1970; Noirot and Deglon, 2000). If this was the case
for M. nervosus it could have resulted in the smaller termite biss observed in our
mound sub-samples during the dry season compartte tevet season as we have only
sampled the aboveground portion of mounds. Howewerknow of no evidence that
there are significant diffusive barriers within im®und which could affect G+and CQ
fluxes because of termite presence in a parti@dation of mound.

Further experimentation involving sampling from baboveground and belowground
mound portions will confirm whether the observedssmal change in termite population
is real or only apparent because of termite agtigitdd termite movement within the
mound and to subterranean chambers. The lattervadideave significant implications
on the estimates based on mound fluxes alone m#dsrwill be emitting Ciland CQ

elsewhere in the ecosystem.

4.2 Seasonality in fluxes per unit termite biomass
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Seasonal variation in flux per unit termite biompks/ed only a small role in causing the
seasonal variations in mound fluxes of £&hd CQ. The magnitude of the seasonal
variation in flux per unit termite biomass was musmmaller than the magnitude of
observed seasonal variation in mound fluxes medsure¢he field which was 3.5 fold

(CH4 and CQ) in this study and 8-9 fold (CHonly) in a recent study (Jamali et al.,
2010). This seasonal variation in flux per unitrige biomass may be attributed to insect
adaptation to xeric conditions, as metabolism aespiration processes can be an

important source of water loss (Bartholomew et1#85; Edney, 1977; Lighton, 1990).

4.3 Seasonality in mound diffusivity and fluxesnronound material

Mound CH, fluxes measured in the field were strongly relatedCH, concentration
inside mounds (Fig. 5a) regardless of season. Tfezahce in the ratio of ‘mound CH
flux to internal mound CH concentration’ between wet and dry seasons was not
significant (Fig. 5b), thus ruling out the role cfanging mound wall diffusivity as a
driving mechanism in the seasonal variations of madfluxes. If at all, mound diffusivity
is likely to be reduced in the wet season as dtressurface moisture restricting pore
continuity in the outer mound wall and thereforaroat explain the greater mound fluxes
in the wet season.

CH, fluxes from the termite mound material were nebgleboth in the wet and the dry
season. We cannot rule out the possibility ofy@kidation by mound material which can
be better quantified using long term incubationd motopic techniques (Sugimoto et al.,
1998). However, the absence of measurable GXidation in mound material, also
reported elsewhere (Bignell et al., 1997), meaas tihis process is unlikely to cause a

significant variation in seasonal mound L£Huxes. CQ fluxes as a result of microbial
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respiration from mound material partly contributedards causing seasonal variations in

mound fluxes of C@ however, we did not directly quantify their exaontribution.

4.2 Effect of temperature and moisture on flux

There was a positive correlation between tempegand termite fluxes of GHand CQ.
However, temperature fluctuations in tropical sanzmare mainly observed on a diurnal
basis (day/night) whereas the seasonal differefveetdry season) of mean temperatures
are rather small. Hence, temperature would not bmagor driver for the observed
seasonal changes in ¢hind CQ fluxes.

The short-term effect of moisture on termite fluxeas not significant despite greater
termite activity after the addition of a sourcenadisture (Fig. 6b). This further supports
the argument that seasonal variations in moundcefitace principally driven by seasonal
dynamics in termite population rather than the geain flux per unit termite biomass. It
also suggests that an immediate response of mauxesfto rainfall (Fig. 4) is because
of termites being restricted to mounds and not beeaf any effect on their gut biology,

metabolism or physiology.

5. Conclusions

Large seasonal variations in mound fluxes of,GiHd CQ are mainly caused by the
seasonal dynamics in termite biomass in moundsnites emit slightly greater CHand
CO, per unit termite biomass in the wet season as coedp@® the dry season but this
does not account for the large seasonal differeolbserved for mound fluxes of Gldnd

CO,. Mound diffusivity and CH uptake by methanotrophic bacteria in the mound
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419 material play a negligible role and do not influerseasonal variations in mound fluxes.
420 These results emphasize that termite populatioramies are the main driver for the
421 observed seasonal differences inGHd CQ fluxes from termite mounds. Although our
422 results could not confirm which processes deterthieemite population size inside the
423 mound they highlight the need to integrate fututelies of termite fluxes with detailed

424  studies of termite population dynamics.
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Tables

Table 1: Relationship of mound fluxes measuredhenfteld with mound temperature and

soil water content as determined by a simple limelationship

Variable CH4 CO,

R’ p R p
Mound temperature 0.07 n.s 0.10 n.s
Soil water content 0.69 <0.05 0.69 <0.05

Table 2: Seasonal dynamics in flux (per unit teerbibmass) and termite biomass in

mound sub-samples df. nervosus as measured in the laboratory

Wet season Dry season Difference (p)

Flux

CH, (ug CH-C g-termité' d™) 9.9+0.8 8.1+0.6 <0.01

CQ (mg CQ-C g-termite' d?) 3.7+0.8 2.7+0.2 <0.01
Biomass

Mean biomass (g-termite kg-motfd 35.0 + 3.8 3.6+0.9 <0.01

Mean mass of a worker (mg) 1.34+0.04 1.41+0.07

Mean mass of a soldier (mg) 1.87 £0.02 1.91+0.11

Mean mass of an alate (mg) - 2.8+£0.05

Soldiers (% total biomass) 6 5

Non-soldiers (% total biomass) 94 95
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Figure 2: Mean mound fluxes of Gkind CQ ( n = 5) measured from mounds Mt
nervosus before and after the ‘break of rains’ (5.4 mm)ate dry season 2009 measured
at TERC; error bars are standard error of the mease-wise letters show the

significance of difference (p 0.05)

24



562
563

564

565

566

567

568

569

6000

(a) R*=0.89; p < 0.001
— 5000 A y = 244X P ]
c
~ 4000 -
5 e
= Q 3000 -
5E
O 2000 -
= O
=2 1000 - Wet season
Dry season
O T T T T T T T T T

0 2 4 6 8 10 12 14 16 18 20
Internal mound [CH,] (ppm)

F 300
O, (b) ar
o 250 A a T
5 200
S
g 150 -
e
£ 100 -
x
= 50
<t
T
@) 0 T T
Wet season Dry season
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Figure 6: (a) Mean CHand CQ fluxes measured from mound sub-samples (n = 5)
containing termites incubated at 15 °C, 25 °C &éfQ error bars are standard errors of
the mean; case-wise letters on top of the bars ghewsignificance of differences in
fluxes measured at three different temperaturesCld,, Qo values were 4.6 and 1.2
between 15 and 25 °C and between 25 and 35 °Gatesgly; for CQ, Qo values were
5.4 and 1.4 between 15 and 25 °C and between 28%¢d, respectively.

(b) Mean fluxes of Chl and CQ measured at 25°C from five mound sub-samples
containing termites; before and after adding meadito material pieces; case-wise letters

on top of the bars show the significance of vaorati
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