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Communal peeing: a new mode of flood control in ants
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Abstract The behavioral response of the obligate bam-
boo-nesting ant Cataulacus muticus to nest flooding
was studied in a perhumid tropical rainforest in Malay-
sia and in the laboratory. The hollow internodes of
giant bamboo, in which C. muticus exclusively nests,
are prone to flooding by heavy rains. The ants showed
a two-graded response to flooding. During heavy rain
workers block the nest entrances with their heads to re-
duce water influx. However, rainwater may still intrude
into the nest chamber. The ants respond by drinking
the water, leaving the nest and excreting water droplets
on the outer stem surface. This cooperative ‘peeing’ be-
havior is a new survival mechanism adaptive to the
ants’ nesting ecology. Laboratory experiments con-
ducted with two other Cataulacus species, C. catuvolcus
colonizing small dead twigs and C. horridus inhabiting
rotten wood, did not reveal any form of water-bailing
behavior.

Flooding of nest sites is a serious hazard for ants. Survi-
val mechanisms for terrestrial and subterranean ants
nesting in regularly or irregularly inundated environ-
ments are reported to include high submersion toler-
ance, ‘raft forming’, nest moving, sealing of nest en-
trances, and nest designs facilitating drainage of seep-
ing water (Adis 1984; Majer and Delabie 1994; Peeters
et al. 1994; Nielsen 1997; Lude et al. 1999). For arboreal
nesting ants of perhumid tropical rainforests, heavy
showers pose an unpredictable threat. Construction of
nests build of, or attached to, ‘waterproof’ leaves is a
common phenomenon (e.g. Hölldobler and Wilson
1983; Black 1987; Dorow et al. 1990), but little informa-
tion is available on the flood control behaviors of ar-
boreal ants nesting in plant cavities.

Removal of water from nest chambers by ‘spitting’
has been reported in a pseudomyrmecine ant species,
Tetraponera binghami Forel 1902, living in bamboo in-
ternodes (Klein et al. 1993) and in several species of the
formicine genus Cladomyrma Wheeler (Moog et al.
1997) inhabiting the live stems of ant-plants. Other
means of flood control by ants include the carrying of
water droplets adhering to their body (Federle et al.
1998) and the reduction of water inflow by blocking the
nest entrance with their heads (Schellerich-Kaaden et
al. 1997a). Here we report on a new mode of flood con-
trol exhibited by the myrmicine ant species Cataulacus
muticus Emery 1889, living exclusively in giant bam-
boo.

The hollow culms of SE Asian giant bamboos are
frequently opened by wood-boring insects. During hea-
vy rains these internodes usually collect water flowing
down the culms. The resulting water-bodies (‘phytotel-
mata’) found within the bamboo internodes are inha-
bited by a rich fauna of limnic and terrestrial arthro-
pods (Thienemann 1934; Kitching 1987; Kovac and
Streit 1996).

The abundant SE Asian giant bamboos are utilized
as nest sites by more than 80 ant species (Buschinger et
al. 1994; Schellerich-Kaaden et al. 1997b). In the Gom-
bak Valley (3720bN 101743bE, West Malaysia) Cataula-
cus muticus was found to live exclusively inside the in-
ternodes of Gigantochloa scortechinii Gamble 1896 and
Dendrocalamus asper (Schult. & Schult. f.) Backer ex
K. Heyne (Maschwitz et al. 2000). Its large monogy-
nous and polydomous colonies, consisting of up to
more than 2,000 workers, inhabit a series of internodes
of several neighboring culms. The culm internodes oc-
cupied by C. muticus proved to be always dry (n125
internodes of five colonies).

Cataulacus has developed a two-graded response to
nest flooding caused by heavy rains. First, two or three
workers block the nest entrance with their broad and
flat heads, thus reducing water influx (median size of
entrance holes 4.0!2.5 mm; np25). This behavior has
been observed only during heavy rains and thus ap-



564

Fig. 1 Water expulsion (‘peeing’) behavior of Cataulacus muti-
cus. A worker raises her gaster and excretes a water droplet.
Diameter of droplet 0.8 mm. (Photo: U. Maschwitz)

pears to be a specific response to flooding; however, it
may also be displayed in another context, e.g. nest de-
fense against alien ants. Even by blocking the nest en-
trance, C. muticus workers cannot completely avoid the
encroachment of rain water into their nest internode,
but water-bailing behavior by ‘spitting’ was not ob-
served (np5 colonies). However, within the subse-
quent hours water droplets accumulated on filter paper
fixed by us beneath the nest entrance (for each one of
the five colonies one entrance was tested). This indi-
cates that C. muticus does not remove water from the
nest interior by regurgitating and spitting off the fluid,
though trophallaxis, i.e., the regurgitation and ex-
change of liquid food, has often been observed among
Cataulacus workers.

How does C. muticus remove water from its nest in-
terior? In the laboratory we tested the response of
three colonies (each consisting of a queen, brood, and
1800 workers) to experimental flooding of their nest
(np6, two tests per colony; each colony was tested
both in its natural bamboo internode and in a transpar-
ent plastic tube of internode size and shape). In none of
the tests did we observe any ant activity outside the
nest during a 30 min period prior to starting the experi-
ments. Into each of these nests 2 ml of water, stained
with non-poisonous, water-soluble yellow food coloring
(tartrazine C1), was injected with a syringe. Within a
few minutes, ants began to drink the water drops in the
nest. Drinking times lasted between a few seconds up
to 3 min. The first workers left the nest entrance
8–25 min (mean 15B5.9 SD; np6) after injection of the
liquid. They moved sideward for several centimeters
and raised their gasters steeply. Immediately a clear
droplet appeared at the gaster tip (Fig. 1) which rapidly
grew and fell down within a few seconds.

The droplets were more or less continuously re-
leased over a period of 2 days (except at night; the ants
are strictly diurnal). The ejection frequency measured
during the first 1.5 days ranged from 5 to 0.2 droplets/
min (mean 2.33B1.43 SD; np30!10-min intervals). In
all experiments, the water expulsion behavior ceased
completely on the third day and the nest interior
proved to be dry again (np6). On average the droplets
contained 0.66 ml fluid (B0.28 SD; np23). Thus about
3,030 crop-loads should be required to remove the ex-
perimentally injected 2 ml. This estimate corresponds
to an average ejection frequency over 3 days of 0.7
droplets/min, assuming that ant activity is restricted to
12 h/day. Excretion rates of C. muticus appear to be
very low compared to some other insects adapted to ex-
crete large amounts of superfluous water (e.g. Smedley
and Eisner 1995). Compared with other ants known to
bail out water from their internode nests (Moog et al.
1997), differences in excretion rates are much less pro-
nounced. In addition, the experimentally injected water
volume (2 ml) does not constitute an acute threat to the
colony or its trophobionts since the bamboo internodes
provide very spacious nesting sites for C. muticus. We
did not test whether an increased risk level, i.e., a larger

amount of injected liquid, will result in an increase of
the ants’ excretion frequency.

For one colony we also tested the excreted droplets
for dye content over a period of 12 h by thin-layer chro-
matography (10 droplets (pooled) per 1 h interval).
First traces of the dye in the excreted droplets were ob-
served 9 h after the beginning of the constant water ex-
pulsion. In addition, at all intervals we could not detect
any sugar in the excreted droplets (measured with a
hand refractometer). These results indicate (1) that no
carbohydrates are lost due to the ‘peeing’ behavior and
(2) that the dye is processed differently, e.g. by passing
the Malpighian tubules.

In similar laboratory experiments we tested two fur-
ther SE Asian Cataulacus species, C. catuvolcus Bolton
1974 and C. horridus F. Smith 1857 (syn. C. insularis F.
Smith 1857), for their capacity for water removal
(np4–7 for each species), but no water-bailing behav-
ior was observed. The two species were kept in plastic
containers filled with natural nest materials. In all tests
the ants avoided the flooded nest area, retreated into
unaffected nest chambers and stayed in these dry nest
parts during the observation time of 2 days. Thus water
elimination from the nest interior is not a common trait
shared by all members of the genus. The species C. ca-
tuvolcus forms small, polydomous colonies (~100
workers) inhabiting small dead twigs, whereas C. horri-
dus usually forms great, polygynous colonies (several
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thousand workers) nesting in rotten logs. Both nest
modes probably favor withdrawal or nest relocations in
response to flooding rather than any sort of water ejec-
tion. Apparently, water ejection is a derived character
state in C. muticus adaptive to its nesting ecology. The
cooperative ‘peeing’ behavior is a new survival mecha-
nism which enables the bamboo-specific C. muticus to
nest in a microhabitat where floods are a common phe-
nomenon.
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