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A great deal of grass was found in the nest
(Figure 20), but these grass clippings were
not evenly distributed. The top quartile (0-
10 cm) contained 3.6 g of grass, the next
10.5 g, the third 0.75 g and the bottom
almost none. This distribution is probably
the result of the depth at which the nest
connects to the foraging tunnels, about 10-
15 cm below ground, combined with the
consumption of the grass as it is moved
deeper toward the core of the nest where the
bulk of the termites were located. The total
dry weight of grass in the nest was about 15
g, probably a small fraction of what was
still in the tunnel system depots.

Promirotermes sp.

A species of  smaller termite,
Promirotermes sp., was found co-nesting
with B.  hainesi. Several chambers
containing workers, soldiers and
reproductives were located in the carapace
surrounding the main B. hainesi nest. The
relationship of this species to B. hainesi, the
“host,” is unknown.

Discussion

Like many other species of termites, B.
hainesi operates on an impressive scale.
Workers from each nest travel to and fro in
the foraging tunnel system, harvesting grass
from at least several hundred square meters.
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The scale of this endeavor is of similar
magnitude as several other species of
mound-building termites, including C.
lacteus, C. brunneus, C. acinaciformis, N.
exitiosus (Ratcliffe and Greaves 1940; Hill
1942; Greaves 1962) and M. michaelsoni
(Darlington 1982). Lee and Wood (1971)
suggest that the underground foraging
networks of subterranean termites are
probably of great ecological importance. No
one who has been to Africa or Australia
could argue with that claim.

Previous reports on subterranean foraging
tunnels gave few architectural details of
their construction. The only two exceptions
are Greaves (1962), who reported that the
tunnels of C. acinaciformis, a wood-feeding
species, were made of cemented soil with a
simple, flattened lumen in which the
termites traveled, and Darlington (1982),
who described part of the foraging passage
system of the fungus-gardening M.
michaelsoni in great quantitative detail. The
aeolian sands of the Namib Desert were
ideal for exposing architectural details
because the surrounding sand could be
loosened with a soft brush and blown away,
but the cemented sand that formed the
tunnels remained intact, revealing subtle,
complex and functional architecture. Such
discrimination would have been difficult in
more compacted or fine-grained soils.
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cm below ground. High quality figures are available online.
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Figure 20. Abundant grass pieces were found in the second quarter of the nest, but the third quarter contained much
less and the bottom almost none. Grass pieces entered the nest through connections with foraging tunnels about 10-15
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Ironically, one of the clearest recent
exposures of a subterranean termite tunnel
system involved fossil termite nests dating
to the upper Miocene and Pliocene eras (3-7
million year ago) in Chad (Duringer et al.
2007). These fossils were attributed to an
ancestral  fungus  gardening = Macro-
termitinae, and they consisted of many
small globular nests connected by
rectilinear side tunnels to a straight main
tunnel up to tens of meters long. The entire
network of tunnels and chambers was all in
a plane, with no evidence of vertical
connections. In this regard, the layout
seems somewhat similar to the nest arenas
of the fungus gardening Odontotermes
fulleri in which all chambers were located
less than 30 cm below the surface
(Darlington 2007).

Depots for foraged grass have been reported
for another harvester termite, the
widespread Hodotermes mossambicus, but
the depots were small chambers around the
nest perimeter or small chambers near the
surface, rather than being part of the
foraging tunnels (Hartwig 1963, 1965;
Coaton and Sheasby 1975). Probably, this
cache system evolved independently, as
these species belong to  different
subfamilies and the depots have different
structures. However, Darlington (1982)
described and quantified depots along the
foraging tunnels of M. michaelsoni and the
Brazilian Syntermes molestus. The depots
of M. michaelsoni were especially similar
to those of B. hainesi, and Darlington
speculates that termites foraging on
dispersed food such as grass or litter ought
to evolve tunnel system with caches
because foraging must occur in episodes.
She calculates that the volume of caches
underlying an area was similar to the
volume of forage gathered in that area in
one night. The presence of caches of grass
pieces in the depots of B. hainesi strongly
suggests that the workers that harvest the
grass on the surface are distinct from the
tunnel transport workers, and that the
system is to some degree a ‘“bucket-
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brigade,” a system of greater efficiency
than one in which each individual harvests
and transports each piece of grass all the
way to the nest. Leafcutter ants also use
caching and “bucket-brigade” transport for
leaf pieces (Hart and Ratnieks 2001;
Anderson et al. 2002), thus partitioning the
task of foraging into cutting, caching and
multiple transporting stages. Caching was
more likely when traffic was heavy or
bottlenecked, and incurred the cost of
mismatching the leaf piece with the size of
the subsequent transporting worker, thus
slowing transport. Anderson et al. (2002)
used simulations to test for optimality in
such transport systems. It is likely that B.
hainesi also tends to cache more grass
pieces when cutting rate exceeds transport.
The partitioning of foraging in this manner
unlinks harvesting, a mostly nocturnal task
which carries the risk of exposure to
desiccation and predation, from transport,
which is relatively safe within the tunnel
system and can probably proceed more or
less around the clock, as it does in M.
michaelsoni. The obvious advantage of
such a system may underlie the reason it
has evolved in such diverse taxa as ants and
termites (and humans).

The results leave the spatial extent and size
of the colony of this termite undetermined.
We found no primary reproductives in the
dissected nest and no structure that might
be a “royal cell.” Combined with the fact
that at least two live nests only about 6
meters apart were connected with tunnels
suggests that a colony may consist of
multiple nests, some possibly deep in the
ground, as suggested by the existence of
tunnels-to-depth. Fuller (1915, as cited in
Lee and Wood 1971) reported that adjacent
mounds of Trinervitermes trinervoides were
interconnected  through subterranean
tunnels. On the other hand, Darlington
(1982) found the remains of dead soldiers
and workers in the contact zone between
foraging tunnel systems of neighboring
mounds of M. michaelsoni, suggesting the
occurrence of territorial battles.
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Ebeling and Pence (1957) described how
Reticulitermes hesperus use fine soil
particles mixed with saliva to line their
tunnels. In light of the extreme aridity of
the Namib Desert, and the fact that nest and
tunnel construction require water, it seems
inescapable that the termites have access to
moist soil, probably at great depth. When
first brought to the surface and dumped, soil
excavated by H. mossambicus in the study
area was damp (personal observation), yet
no trace of dampness was detectable even
in excavations over 2 m deep. Yakushev
(1968, as cited in Lee and Woods 1971)
reports that some termite species may make
tunnels to moisture as deep as 70 m.

Photographs included in Hill’s (1942)
treatise of Australian termites show that
Coptotermes acinicaformis and C. lacteus,
both mound-builders, construct nests with a
very thick “carapace,” much like B. hainesi.
This feature is lacking in the other species
examined in Hill’s book. In contrast to the
nests of B.  hainesi, the nests of
subterranean-nesting termites are often
surrounded by an empty space rather than a
“carapace” (Noirot 1970). Perhaps the
difference lies in the relative instability of
the dry sands in which B. hainesi nests.

This estimate of the nest population is
surely an underestimate of the actual
population, for it is likely that a substantial
fraction of the termites were in the foraging
tunnels at the time of collection. Even after
removal of the nest, abundant termites were
found in the tunnels during several days of
excavation. Whether their home was in the
collected nest or in another, possibly a
deeper nest, could not be determined.

Considering the density of foraging access
points as well as the biomass of termites
and the amount of grass pieces found in the
nest and tunnels, it is likely that B. hainesi
foraging has a considerable impact on the
sparse grasslands of the eastern Namib
Desert. This is more likely because

Journal of Insect Science | wwwe.insectscience.org

Tschinkel

conditions conducive to the growth of
grasses may occur less than annually, and
then only for short periods. Estimates for
grass consumption in a “saturated”
population of H. mossambicus in a more
lush habitat (Zululand) ranged up to 1 to 3
metric tons per ha, practically the total yield
of hay, but other estimates were much
lower (Coaton and Sheasby 1975). There
are many reports of H. mossambicus
creating bare spots through their harvesting
activity. It has been suggested that this
termite is the cause of the fairy circles
mentioned in the Materials and Methods
(Becker 2007), but this claim is contested
(van Rooyen et al. 2004). Darlington (1982)
estimated the nightly forage collected by M.
michealsoni to be approximately 0.6 to 1.1
kg. Finally, Darlington (1982) showed that
the surface access points in M. michaelsoni
tunnels to be dense enough that termites
need rarely travel more than 10 cm from an
opening to forage. The actual density of
access points in B. hainesi is unknown, but
is clearly higher than indicated in Figures
14 and 15, because many of the cross-
connecting passages were left unexcavated.
Likewise, Darlington (1982) estimated that
the nest of M. michaelsoni has a total of 6
km of permanent foraging tunnels, but in
view of unexcavated cross-passages and the
difficulty of placing colony boundaries on
B. hainesi, a corresponding estimate is
undetermined for this study. B. hainesi
colonies are much smaller than those of M.
michealsoni, yet their work is still
impressive. It is likely that similar tunnel-
and-depot systems are characteristic of
many harvesting termites.
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