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Abstract

Giant pill-millipedes belonging to the genus Arthrosphaera undergo metamorphosis by moulting
leading to periodic replacement of the exoskeleton. Such behaviour is occasionally seen in the natural
habitat of Western Ghat forests and plantations. This study examined the moulting behaviour of giant
pill-millipedes Arthrosphaera (order, Sphaerotheriida) for the first time. During maintenance of pill-
millipedes in laboratory mesocosms, they exhibited active moulting cycles during summer months
(February through May). The moulting events could be divided into five stages (burrowing,
construction of moulting chamber, sedentarystate, ecdysis and regaining activity). Arthrosphaera
distica, the smallest among the Arthrosphaera showed the highest percentage of moulting (51%)
followed by large-size Arthrosphaera spp. (A. fumosa, 41%; A. magna, 21%; A. dalyi, 13%). Among the
four species studied, the entire moulting process lasted between 4 and 5 days, from initiation
(burrowing) to regaining the original rigidness and activity. The moulted pill-millipedes exhibited
different colours with less prominent striations leading to mistaken identity especially during early
monsoon in the Western Ghats. Depending on the species, the original colour of pill-millipede will be
regained within 3- 9 weeks. Besides inducing moulting in mesocosms, our study is advantageous as it
shows the role of specific hormones and proteins involved in moulting. As the Arthrosphaera spp. are
known to produce quality manure in natural habitats as well as in mesocosms, understanding its
physiology and moulting cycles helps when expanding its population commercially for organic
agriculture.
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INTRODUCTION

Millipedes belong to the third largest
class Diplopoda of the phylum Arthropoda
encompassing over 80,000 species with
systematic description of about 12,000 species
(145 families in 16 orders) (Shelley, 2007;
Sierwald and Bond, 2007).They are the major
saproprophagous macrofauna of terrestrial
ecosystems with wide distribution (temperate,
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subtropical and tropical zones) and involve in
recycling of organic matter and improving soil
fertility (Golovatch and Kime, 2009). They also
serve as important biogeographical indicators
due to their diversity, geological age of origin
and low vagility (Hopkinand Read, 1992).
Giant  pill-millipedes  of the  order
Sphaerotheriida have a patchy distribution in
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South Africa, Madagascar, India, Sri Lanka,
Australia and New Zealand representing about
325 species (Wesener and van den Spiegel,
2009; Wesener et al, 2010). Among the
Sphaerothiriida, the
Arthrosphaeridae has a restricted distribution

families of

in Southern India, Sri Lanka and Madagascar
(Wesener and van den Spiegel, 2009). A small
literature search reveals that there are about 40
species of Arthrosphaera considered as
endemic to the Southern India and Sri Lanka
(Wesener et al., 2010). According to a recent
phylogenetic study, the Arthrosphaeridae
originated about 90 Mya in Gondwanan
period prior to the separation of India from
Madagascar (Krause, 2003; Wesener and van
den Spiegel 2009; Wesener et al., 2010).

Millipedes possess hard external cover
as seen in many invertebrates like crustaceans,
spiders and centipedes (Ewer and Reynolds,
2002). Metamorphosis from larva to adult is
governed by a moulting process (or ecdysis),
which leads to replacement of a new cuticle by
shedding of the old cuticle. Two hormones
involved in the moulting process include
ecdysteroid (e.g. 20-hydroxyecdysone or 20E)
and a juvenile hormone (Ewer and Reynolds,
2002). The former initiates the moulting
process, while the latter helps in determining
the type of cuticle to be replaced.
Periodic shedding of the exoskeleton (exuviae)
is a common behaviour in all arthropods
including the millipedes (Aguinaldo et al.,
1997). During moulting, shedding of exuviae
allows the body of the millipede to expand
under controlled and protected conditions.
For normal growth and to expand body size, it
has to shed the existing cover leading to the
growth and development of new shell

underneath. The millipede which has shed the
exuviae is called ‘callow’, because of its soft
and smooth surface. The colour of callow
drastically differs from those of adults and
gradually attains rigidness as well as original
colour. The hardness and colour in pill-
millipedes serve two important purposes;
primarily for escape from predators and
secondly, for camouflage. The edaphic factors
responsible for moulting of millipedes are
temperature, photoperiod,
quantity/quality of food and
microbial/parasitoid infection (Jurenka, 2007).

humidity,

Differences in these parameters could alter the
onset of moulting by stimulating the
neuroendocrine system.

Several species of Arthrosphaera
sampled from the forests and plantations of
different geographic regions of the Western
Ghats are routinely maintained in our
laboratory in mesocosms for studies
investigating their feeding behaviour and also
for the production of organic manure
(Ashwini and Sridhar, 2005; Ambarish and
Sridhar, 2013; Sridhar and Ambarish, 2013;
Sridhar et al, 2013). During routine
maintenance  of  several  species  of
Arthrosphaera in the laboratory mesocosms,
moulting occurred during the summer
months. As there are no studies on the
moulting  behaviour  of  pill-millipedes
belonging to the order Sphaerotheriida
(Wesener and Sierwald, 2005), the present
study documents the behaviour and sequence
of moulting of four species of Arthrosphaera in
laboratory mesocosms. The term ‘pill-
millipede” used in the following text represents
the tropical giant pill-millipede of the genus
Arthrosphaera.
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Figure 01. Schematic representation of moulting cycle: a. active pill-millipede; b. burrowing; c.

construction of moulting chamber; d. volvated millipede in sedentary stage; e. ecdysis; f. moulted

individual moving out of the moulting chamber.

METHODS

Pill-millipedes: Four species of pill-
millipedes were sampled during July- August
2012from the forests (forest reserves and
sacred groves) and organically managed
plantations (coffee agroforests and Areca
mixed forests) of different regions of the
Western Ghats (Arthrosphaera dalyi Pocock:
Ninthikallu, 12°39'N, 75°26'E; A. disticta
Pocock: Shankaraghatta, 13°35'N, 75°48'E; A.
fumosa Pocock: Karike,12°45jN, 75°38iE; A.
magna Attems: Adyanadka,12°41'N, 75°6'E).
They were identified based on the systematic

keys (Pocock, 1899; Attems, 1936) and
morphological descriptions (Kadamannaya
and Sridhar 2009; Kadamannaya et al., 2012).

Laboratory mesocosm: A mixture of
air-dried leaf litter of monocot (Cocus
nucifera) and dicots
(Lagerstroemia microcarpa, Pongamia pinnata
and Terminalia paniculata) (1:1:1:1 w/w) were
taken in trays, pre-wetted and allowed for
partial degradation for up to four weeks in the
laboratory. They were offered to the pill-
millipedes in glass tanks (90 x 60 x 60 cm)
containing a 25 cm soil bed. A total of 20 pill-

14



Moulting Behaviour of Giant RMillipedes

millipedes were transferred into each glass
tank separately in three replicates. Leaf litter
was moistened periodically by sprinkling a
constant amount of water. The mesocosms
were exposed to a normal photoperiod (12 hr
light and 12 hr dark) in the laboratory
(temperature, 27°2 C). The decomposing
mixed leaf litter was replenished periodically
to meet the nutritional requirement of pill-
millipedes. Mesocosms were examined from
September 2012 (end of monsoon) to June
2013 (beginning of monsoon) to follow the
moulting behaviour.

OBSERVATIONS

Moulting was initiated by the end of
post-monsoon (January), continued up to
summer (February- May) and until the onset
of monsoon (June). Prior to the initiation of
moulting, the weight of individuals increased,
caused by high feeding activity and

, ill-millipedes

accumulation of excess water to develop
pressure in the haemolymph to smoothen the
exoskeleton. Based on the present observation,
the moulting behaviour of an active pill-
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