News & Views

South African Journal of Science 99, May/June 2003

Estimates of food consumption
by the fungus-growing termite
Macrotermes natalensis in a South
African savanna-woodland

V.W.Meyer”,R.M.Crewe’ and L.E.O. Braack’

food consumption by the termite Macro-

termes natalensis based on gut analysis. It

introduces a formula that is used to deter-
mine the amount of food consumed by forag-
ing organisms such as termites. The annual
food consumption is given by the formula
365 mnp/t, where m = individual mass of
ashed crop-gizzard contents, # = number of
foraging major workers, p = daily foraging
period, and ¢ = individual time spentbetween
nest and food source. The mass of food that is
consumed during a single foraging trip by a
foraging individual is 0.166 * 0.009 mg. Food
consumption of this termite in the northern
Kruger National Park is estimated to be on
average 20.2 kg ha™ yr'. The quantification of
food consumption by this termite makes
possible an assessment of its role in nutrient
cycling.

THIS STUDY QUANTIFIES AND DISCUSSES

The ecological importance of macro-
termitine termites in nutrient cycling is
augmented by their high consumption
per unit biomass, which is facilitated by
nitrogen-rich fungal symbiosis.'* The
midgut (mesenteron) is a major site of cel-
lulose breakdown, which is accomplished
using enzymes that are acquired by the
Macrotermitinae through ingestion of
fungal nodules or synemata (mycophagy)
rich in these enzymes.> Mainly old major
workers collect forage (litter) outside the
nest.*

Workers of Macrotermes natalensis (Havi-
land) (Isoptera: Termitidae) venture out-
side the mound in underground pas-
sages, exiting the soil surface near or at the
food source, such as fallen branches or
twigs. Evidence of foraging is left in the
form of a thin sheet of soil constructed
over the food source. Sometimes the ter-
mites surface before they reach the litter
and construct covered runways (Meyer,
pers. obs.). Soldiers are fed by the work-
ers and do not forage directly; the protec-
tion that they offer to foraging workers is
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a cost of foraging.””

Food is ingested into the crop and giz-
zard of the foraging termite workers and
transported to the nest, where it is regur-
gitated for distribution and digestion.*
Stomodeal food in the foregut of foraging
workers represents the amount of litter
removed by their foraging effort.

Because of the cryptic foraging behav-
iour of this species (Meyer, pers. obs.),"
estimation of removal of litter (mainly
wood) was explored using analysis of gut
contents.

Sampling and gut analysis

Foraging termites (major workers) were
collected from beneath soil sheeting at
natural food sources (woody litter) pres-
entat different distances around mounds.
Woody litter was gently lifted and exit
holes were immediately blocked to pre-
vent fed foragers from departing and
unfed foragers from arriving. Major
workers were carefully picked up by
the head and placed in Petri dishes with
forceps (standard collection technique).
They numbered approximately 2000 in
total.

The major workers collected were
promptly taken to the laboratory, where
their gut contents were removed. This
was done by applying pressure around
the thorax and abdomen, thereby forcing
the contents through the anus. Care was
taken not to remove the trophic mem-
branes. The samples (gut contents) were
dried for 48 h at 70°C and weighed in the
closed chamber of a microbalance to the
nearest 0.0001 g. The mass of dry gut con-
tents was obtained by dividing the mass
of each of the ten samples by the number
of individuals (c. 200) presentin each sam-
ple. Dried samples were ashed in a bomb
calorimeter or a muffle furnace (4 h at
600°C) and subsequently reweighed in
order to determine the amount of organic
material present in the gut samples. Both
combustion and incineration gave similar
ashing results. The ash mainly represents
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soil particles such as sand and quartz
contained in the digestive tract of these
workers.

The fraction of gut contents present in
the crop and gizzard was determined
using standard volume formulae for the
different sections of the uncoiled diges-
tive tractin major workers that foraged."

Foraging frequency

The frequency of visits to the food
source from the mound and back was
observed through a translucent Perspex
tube (1 m X 40 mm) during different times
of the day and night across seasons. The
tube was laid horizontally as a passage
directly between the mound and food
source,” and covered with soil when ob-
servations were not being made. Obser-
vation was hampered by condensation
inside the tube. Termites were reluctant to
make use of tubes longer than a metre.

Determination of annual food
consumption

The mass of inorganic components in
the gut contents was subtracted from the
dry mass of the gut contents. Since freshly
foraged material present in the crop and
gizzard represents the amount of litter
consumed, obtaining the dry mass of this
material allows one to measure biomass
consumed. Foraging frequency was ex-
pressed as daily foraging period (time-
span of foraging activity in 24-h day)
divided by individual foraging time, that
is, number of return trips. The annual esti-
mate of food consumed by these termites
is given as 365 mnp/t, where m = individ-
ual ash-free mass of gut contents in crop-
gizzard, n = number of foraging major
workers, p = daily foraging period, and
t = individual time spent between nest
and food source.

Unless otherwise stated, means are
given with their 95% confidence intervals
using the standard error and two-tailed
t distribution. As consumption per unit
area is a linear projection of mound
density,"* annual food consumption is
reported as an overall mean based on
density.

Findings and conclusion

Minor workers made up a small per-
centage of foraging workers, but did not
participate in foraging. Soldiers were
ignored and not collected, as they do not
forage for litter.

Dry mass of the gut contents in a major
worker was determined to be 1.483 =+
0.145 mg (n = 10), of which 42.4 + 2.3%
(n = 5) is ash. The proportion of food
directly consumed by a foraging individ-
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ual (stored in crop-gizzard) is 19.5 + 2.1%
(n = 10) of the ash-free material in the
total gut. The mass of the food consumed
by a foraging individual is 0.166 *+
0.009 mg.

The number of major workers foraging
from small, medium and large colonies
was estimated from previous studies to be
1117 £ 720 (n = 3), 7310 = 672 (n = 16) and
45 329 = 12 014 (n = 16), representing
35.5% of all workers in these colonies
(Meyer, unpubl.).?

The foraging period comprises approxi-
mately 12 h (43 200 s) of a 24-h day, and
usually takes place nocturnally (Meyer,
pers. obs.).*6#

By employing the formula that we de-
veloped and using the values for all the
variables mentioned, overall food con-
sumption of M. natalensis in the northern
Kruger National Park (KNP) is estimated
to be 20.19 + 11.45 kg ha™ yr' (n = 20
landscapes) established using dry, ash-
free gut (crop-gizzard) contents.

Consumption of litter was previously
studied by comparing the mass of food
before and after it had been fed upon.'**
In some studies artificial bait was used,
but that approach may not reflect the true
rate of natural consumption.*”® A com-
mon concern with regard to these studies
is that the termites may not solely be re-
sponsible for litter removal. Hence the
amount of litter removed by termites may
be overestimated.

Collins,'® using a baiting technique, re-
ported consumption of Macrotermes
bellicosus (Smeathman) in Nigeria to be
22591 kg ha™ yr, which is an order of
magnitude higher than that of the pres-
ent study (20.19 kg ha™ yr'). However,
Collins’ estimate was expressed as dry
mass (including ash), whereas that of the
present study excludes ash. When using
the biomass of M. natalensis for the north-
ern KNP (0.51 kg ha™)" together with the
consumption rate given for Nigeria
(48.11 kg consumed per kg biomass per
yr), we calculate consumption to be
24.53 kg ha™ yr for the study area, which
is similar to our estimate in KNP. Given
the different mound densities — 0.27 ha™
in KNP and 6.45 ha™ for the Nigerian
study site'® — it is likely that this can ac-
count for the differences in food con-
sumption reported at the different
localities.

When the relationship between litter
production and rainfall”® is used to pre-
dictlitter production in the northern KNP
based on annual rainfall,” we conclude
that M. natalensis consumes 3.4% of the
woody litter produced annually com-
pared to 4.7% consumed by M. bellicosus.'

South African Journal of Science 99, May/June 2003

Both regions have woodlands dominated
by the pod-bearing Caesalpinioideae
(Fabaceae), and it appears that these two
allopatric species have similar roles in
decomposition in their habitats.

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Matsumoto T. and Abe T (1979). The role of ter-
mites in an equatorial rain forest ecosystem of
West Malaysia. II. Leaf litter consumption on the
forest floor. Oecologia 38, 261-274.

Collins N.M. (1981). Consumption of wood by
artificially isolated colonies of the fungus-
growing termite Macrotermes bellicosus. Ent. exp.
appl. 29, 313-320.

Martin M.M. and Martin ].S. (1978). Cellulose
digestion in the midgut of the fungus-growing
termite Macrotermes natalensis: The role of
acquired digestive enzymes. Science 199, 1453—
1455.

Usher M.B. (1975). Studies on a wood-feeding ter-
mite community in Ghana, West Africa. Biotropica
7,217-233.

Badertscher S., Gerber C. and Leuthold R.H.
(1983). Polyethism in food supply and processing
in termite colonies of Macrotermes subhyalinus
(Isoptera). Behav. Ecol. Sociobiol. 12, 115-119.
Ferrar P. (1982). Termites of a South African
savanna. IIl. Comparative attack on toilet roll
baits in subhabitats. Oecologia 52, 139-146.
Lepage M.G. (1981). Limpact des populations
récoltantes de Macrotermes michaelseni (Sjostedt)
(Isoptera, Macrotermitinae) dans un écosystéme
semi-aride (Kajiado — Kenya). I. Lactivité de
récolte et son déterminisme. Insectes soc. 28,
297-308.

Lepage M.G. (1977). Foraging and food consump-
tion of Macrotermes subhyalinus. In Proc. 8th Inter-
national Congress IUSSI, Wageningen, pp. 249-252.
Sands W.A. (1998). The Identification of Worker
Castes of Termite Genera from Soils of Africa and the
Middle East. CAB, Wallingford, Oxon.

Coaton W.G.H. and Sheasby J.L. (1972). Prelimi-
nary report on a survey of the termites (Isoptera)
of South West Africa. Cimbebasia Mem. 2, 1-129.
Meyer V.W. (2001). Intracolonial demography, bio-
mass and food consumption of Macrotermes
natalensis (Haviland) (Isoptera: Termitidae) colonies
in the northern Kruger National Park, South Africa,
pp. 61-71. Ph.D. thesis, University of Pretoria.
Meyer V.W., Braack L.E.O., Biggs H.C. and
Ebersohn C. (1999). Distribution and density of
termite mounds in the northern Kruger National
Park, with specific reference to those constructed
by Macrotermes Holmgren (Isoptera: Termitidae).
Afr. Ent. 7,123-130.

Meyer VW, Crewe R.M., Braack L.E.O., Groene-
veld H.T. and Van der Linde M.J. (2000). Intra-
colonial demography of the mound-building
termite Macrotermes natalensis (Haviland) (Iso-
ptera, Termitidae) in the northern Kruger Na-
tional Park, South Africa. Insectes soc. 47, 390-397.
Bagine R.K.N. (1989). Plant litter consumption by
termites in an arid environment of northern
Kenya. Sociobiology 15, 113-124.

Buxton R.D. (1981). Changes in the composition
and activities of termite communities in relation
to changing rainfall. Oecologia 51, 371-378.
Collins N.M. (1981). Populations, age structure
and survivorship of colonies of Macrotermes belli-
cosus (Isoptera: Macrotermitinae). J. Anim. Ecol. 50,
293-311.

Meyer VW, Crewe R.M., Braack L.E.O., Groene-
veld H.T. and Van der Linde M.]. (2001). Biomass
of Macrotermes natalensis in the northern Kruger
National Park, South Africa — the effects of land
characteristics. Sociobiology 38, 431-448.

Collins N.M. (1977). Vegetation and litter produc-
tion in southern Guinea savanna, Nigeria.
Oecologia 28, 163-175.

Dent M.C., Lynch S.D. and Schulze R.E. (1987).
Mapping mean annual and other rainfall statistics
over southern Africa. WRC-ACRU Rep. 109/1/89,27.

News & Views

Brunet delivers
Broom Memorial Lecture

This year's Robert Broom Memorial Lec-
ture was given by Michel Brunet of the
University of Poitiers in France.
Speaking at the Transvaal Museum in
Pretoria on 13 June, Professor Brunet
elaborated on hominid origins and in
particular on Toumai, ‘the earliest
hominid”.

From left: Michel Brunet (holding a cranium of a
modern chimpanzee), Jean Cadet, Ambassador
of France in South Africa (holding a cast of
Toumai), and Francis Thackeray of the Transvaal
Museum (with a cast of ‘Mrs Ples’ from Sterk-
fontein), in the Broom Room of the museum, on
the day of the Broom memorial lecture.

The new fossil hominid, named
Sahelanthropus tchadensis and recov-
ered by the Mission Paléoanthro-
pologique Franco-Tchadienne from the
Late Miocene of Toros-Menalla in north-
ern Chad, is associated with 42 species
of which the mammalian component in-
dicates an age close to 7 million years.
The find was reported in Nature on 11
July 2002 (418, 145-151) by Brunet
and 37 co-authors, including Djimdou-
malbaye Ahounta, a Chadian palaeon-
tologist who discovered the fossil in the
Djurab desert.

The associated fossilised animal re-
mains include aquatic and amphibious
vertebrates, together with fauna
representing gallery forest, wooded
savanna and grassland. The sediments
support the reconstruction of a mosaic
of environments between a large lake
(Mega Chad) and desert, perhaps not
unlike the Okavango Delta today. The
Toumai individual displays a combina-
tion of characters that suggests that it is
probably close in time to the common
ancestor of chimpanzees and humans.

The geographic location of Toumai,
2500 km west of the East African Rift
Valley, along with its great antiquity,
suggest a widespread hominid distribu-
tion, and an earlier chimpanzee-human
divergence (at least 7 million years ago)
than previously indicated by some
molecular studies.

Both Toumai from Chad, and ‘Mrs Ples’
from the Sterkfontein Caves in South
Africa, can be consided distant relatives
of all humankind. In his lecture, Brunet
emphasized the significance of Africa as
the continent which could justifiably be
called ‘The Cradle of Humankind'.



