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Abstract

Millipedes, crucial detritivores belonging to the class Diplopoda,
play a pivotal role in nutrient cycling, heavily affecting fungi and
bacteria and exerting a remarkable influence on litter decomposi-
tion and soil fertility. Fungi ultimately benefit from dispersal activi-
ties of the animals although they may initially experience reduction
in the form of feces. The process of litter breakdown by millipedes
promotes bacterial growth, contributing to elevated nitrogen con-
tent in feces and enhanced microbial activity throughout the soil
system. These complex associations emphasize the ecological im-
portance of millipedes in maintaining ecosystem functioning.

Keywords: Arthropods; Diplopods; Microbes; Mutualism; Ecol-
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Introduction

The class Diplopoda, with an estimated global fauna of
80,000 yet-to-be-described species, stands as the third most
diverse group of terrestrial arthropods, currently comprising
of roughly 12,000 described species classified into 16 orders,
over 2,900 genera and 144 families [1-4]. Their significant con-
tribution as efficient decomposers, nutrient recyclers and bio-
geographic indicators is important in maintaining the overall
ecological balance [5]. Moreover, these detritivores are thought
to have played a significant role in early soil formation and the
establishment of terrestrial nutrient cycling processes [6,7]. The
relationships between millipedes and microorganisms, particu-
larly fungi and bacteria, represent a vital yet unexplored aspect
of ecological research. These interactions play very essential
roles in the fundamental process of decomposition, actively
shaping nutrient cycling and soil fertility within ecosystems. De-
spite their significance, these interactions have received mini-
mal attention in the scientific community. Therefore, we seek to
shed light on some of the ways millipedes influence the popula-
tions of fungi and bacteria through this contribution.

Fungal and Bacterial Relationship with Millipedes

Fungi and bacteria, as vital microbes, play a crucial role in
nutrient cycling by employing enzymes to break down complex
polysaccharides that other organisms cannot. In the case of
millipedes, the existence of these microbes facilitates the avail-
ability of simple sugars, calcium and vitamins on litter and feces
surfaces [8]. The presence of millipedes affects fungi, causing a
population reduction in feces [9]. Moreover, millipedes’ capa-
bility to interfere with the mobilization of nitrogen from litter

to mycorrhizae through their feeding behavior results in an in-
creased movement of nitrogen in the substrate [10].

The vertical movement of invertebrates, such as millipedes,
through the soil system promotes the dispersion of microor-
ganisms, subsequently leading to an increase in litter decom-
position. Fungi are frequently found both on and in millipedes.
The notion has been that fungi most likely to be dispersed by
millipedes are those that produce numerous spores and that
have spores which readily germinate. However, much of the
supporting evidence for this idea comes from samples cultured
on plates. Laboratory culturing plates tend to favor the growth
of organisms that excel at colonization [11]. Arthropod-assisted
dispersal, though, could be especially critical for poor coloniz-
ers with limited self-dispersal abilities. The degree of success in
millipede dispersal of poor colonizing fungi remains uncertain
but it is not challenging to imagine how millipedes could carry
much smaller fungal spores or fragments of fruiting bodies and
thus disperse them. Given that feces with a pH greater than
6.5 are conducive to fungal growth [8], the promotion of fun-
gal communities in feces should be anticipated. Nevertheless,
in experiments conducted on soil fauna feces, Hanlon [12] ini-
tially observed no significant difference between fungal respira-
tion on litter particulate versus feces. However, when the feces
were inoculated with different organisms after passage through
the gut, bacterial respiration was shown to be low while fungal
respiration was high. Interestingly, when inoculation occurred
through the passage through the gut of the millipede, bacterial
standing crops increased by seven times. Millipedes contribute
to the propagation of microorganisms through their death and
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subsequent decomposition. In laboratory cultures where mil-
lipedes die and their exoskeletons remain on the substrate, the
growth of fungi and molds on these exoskeletons have been
observed (personal observation of the authors). Decaying milli-
pede remains exhibit a higher calcium content compared to liv-
ing millipedes [13]. The reason behind this increase is believed
to be the colonization of decomposing remains by fungi which
elevate the calcium levels. Consequently, decaying millipedes
serve as valuable resources for fungal, and potentially bacterial,
populations. The gut of millipedes provides a suitable environ-
ment for microbial activities supported by various factors such
as optimal pH levels, peristalsis and the presence of secreted,
digestible products within their digestive systems. One of the
most important effects of millipede respiration and fecal pro-
duction is the significant rise in the nitrogen content of the sub-
strate primarily in the form of ammonium found in their feces.
This increase in nitrogen compounds along with pH within the
feces harbors greater microbial diversity compared to the par-
ent litter [12,14]. Notably, millipede feces contain substantially
higher bacterial populations compared to the original litter [15].

There is strong evidence of well-established colonies of
Pseudomonas stutzeri, specifically within the gut of Glomeris
hexasticha (Brandt) and possibly in the guts of certain other ar-
thropods [16]. The conditions within the millipede’s gut, charac-
terized by high humidity and low oxygen levels, are suitable for
anaerobic bacteria [17]. Nevertheless, some researchers have
observed a limitation in growth due to the lack of availability
of monosaccharides [18]. It is known that certain bacteria face
challenges in decomposing carbon compounds. Hence, it is
possible that the survival of bacterial communities within the
millipede gut is limited due to the absence of other organisms
capable of performing this decomposition.

Conclusions

In summary, this study highlights the impact of millipedes
on microbial communities, notably fungi and bacteria, and their
crucial contributions to nutrient cycling and litter decomposi-
tion. Fungi assume a crucial role in the context of millipede-
facilitated nutrient cycling by participating in litter decomposi-
tion and elevating calcium levels through their presence in feces
and on millipede exuviae. Additionally, the gut of millipedes
provides an ideal habitat for diverse bacterial populations to
thrive. However, the survival of such bacterial communities in
this environment may be constrained by the lack of certain fac-
tors. Despite this limitation, the process of litter breakdown by
millipedes promotes bacterial growth, contributing to elevated
nitrogen content in feces and facilitating the dispersion of mi-
croorganisms throughout the soil system.

The intricate association between millipedes and microbes
showcases the dynamic relationships that shape ecosystem
functioning and highlight the role of these arthropods in mi-
crobial dispersal and propagation. Greater recognition of the
central role diplopods play in shaping microbial dynamics will
surely assist in better managing and conserving ecosystems for
the benefit of the broader ecological balance.
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