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Abstract: Various animals live in termite nests as secondary occupants. Among them are terrestrial isopods.
We found five species of terrestrial isopods (Oniscidea) in 17 of 34 termite nests of Nasutitermes in a cocoa
plantation near IThéus, Bahia, Brazil (in 2 aging and 15 abandoned nests). The 14 active, 1 aging and 2 abandoned
nests bore no isopods. The oniscideans were Atlantoscia rubromarginata, an undescribed species of Atlantoscia
(Philosciidae), Pudeoniscus birabeni, P. obscurus (Pudeoniscidae) and Neotroponiscus carolii (Bathytropidae).
Of the 146 individuals collected, 122 were A. rubromarginata. Due to the absence of isopods in active nests,
these terrestrial isopods are considered termitariophilous.
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Resumo: Diversos animais, incluindo is6podos terrestres, vivem em ninhos de térmites como ocupantes
secundarios. Neste trabalho, foram registradas cinco espécies de isdpodos terrestres (Oniscidea) em 17 de 34
ninhos de Nasutitermes estudados em uma plantagdo de cacau situada proxima a Ilhéus, Bahia, Brasil. Destes
ninhos, dois eram decadentes e 15 abandonados. Catorze ninhos ativos, um decadente e dois abandonados
ndo apresentaram isépodos. Foram registrados os oniscideos Atlantoscia rubromarginata, uma espécie nao
identificada de Atlantoscia (Philosciidae), Pudeoniscus birabeni, P. obscurus (Pudeoniscidae) e Neotroponiscus
carolii (Bathytropidae). Foram coletados 146 individuos, dos quais 122 pertenciam a espécie 4. rubromarginata.
Devido a auséncia de isopodos em ninhos ativos, estes foram considerados termitariofilos.
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Introduction

Termites (Blattodea: Termitoidea) are social insects that build
mounds, permanent structures, that can be external, within the wood
orunderground (Xiao et al. 2012). They are considered active diggers
exerting great influence on the physical and chemical characteristics
of'soils by providing an increase in porosity, allowing water retention
and air circulation in different soil strata, facilitating the entry of
oxygen to other soil organisms in subterraneous nests (Grassé 1986,
Lavelle et al. 1997). In addition to these activities, they provide a
greater penetration and proliferation of plant roots and also serve
as food for a wide variety of predators (Holt & Lapage 2000). The
secondary occupants of termite nests are ants, beetles, spiders,
roaches, lizards, species of termites different from those that have
built the structure and even parrots, parakeets and the campos flicker
(Davis 1942, Camargo 1970, Grassé 1986, Miura & Matsumoto 1997,
Brightsmith 2005, Sanchez-Martinez & Renton 2009). Termitophilous
animals are those that have a necessary relationship with the society of
termites (Domingos 1983), spending part or all life in the nest (Cunha
& Brandao 2000). The termitariophilous animals are those that form
a voluntary association with termite mounds in search of housing,
shelter, food or nesting site (Cunha & Brandao 2000).

Terrestrial isopods are the Crustacea best adapted to terrestrial
life. They are found in forests, fields, deserts and caves, and occupy
a wide variety of microhabitats, including the interiors of ant and
termite nests (Araujo & Taiti 2007). There are few studies about
the relationship between social insects and terrestrial isopods
(Tartally et al. 2004), but some species are known of being closely
associated with social insects. In Europe, the myrmecophilous isopod
Plathyarthrus schoblii Budde-Lund, 1879 is found in the nests of
ants of various genera (Hornung et al. 2005), while the cosmopolitan
P. hoffmannseggii Brandt, 1833 inhabits nests of 24 different species
of ants (Tartally et al. 2004). In sub-Saharan Africa some species of
isopods of the families Platyarthridae, Trichoniscidae, Titaniidae and
Schoebliidae are found in the active nests of several genera of termites
(Barnard 1932, Paulian de Felice 1950, Kensley 1971, Ferrara & Taiti
1979). In Mozambique, the termitophilous isopods Schoeblia fulleri
(Silvestri, 1917) and S. circularis Budde-Lund, 1909 occupies the
nests of termites of the genus 7ermes Linnaeus, 1758 (Silvestri 1917,
Schmidt & Leistikow 2004). The genus Exalloniscus Stebbing, 1911
is associated with nests of ants and termites in Sumatra and Borneo
and elsewhere in Southeast Asia (Schmalfuss 2003, Ferrara et al.
1987). In Asia, the isopod Turanoniscus anacanthotermitis Borutzkii,
1969 was found in nests of the termite Anacanthotermes ahngherianus
Jacobson, 1904 (Borutzkii 1969). The members of this genus have
flattened depigmented bodies and a reduced number of embryos,
and lack ocular apparatus, all of which suggest that the animals
have a close association of with ants and termites (Taiti & Ferrara
1988). Some oniscideans, like the members of the family Titaniidae,
are tolerated by the host termites or protected against attacks by
their flattened limuloid body shape and by evasive movements
(Kensley 1971). To date there is no record of terrestrial isopods in
termite mounds in Brazil. This study aims at surveying the species
of oniscideans in termite nests collected in a cocoa plantation near
Ilhéus, Bahia State, Brazil.

Material and Methods

The study was conducted in Block I of the experimental areas of
the Centro de Pesquisas do Cacau (CEPEC/CEPLAC) (14°45°16” S,
39°13°50” W), 40 ha, in a system where the cocoa trees are shaded
by exotic trees, receive no fertilization or insecticides or fungicidal
spraying. Almost all of the experimental area is surrounded by lands
with the same system of husbandry. The study site is the Brazilian
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Atlantic Forest and some forest remnants are near the experimental
area.

The termite nests examined in this study are those investigated by
Santos (2008) and Santos et al. (2010) in a study of ants associated
with termites. In that study between May 2006 and September 2007
the termites were removed from the substrate and placed in plastic
bags, labelled and taken to the Centro de Pesquisas do Cacau (CEPEC)
at IThéus. In the laboratory, the nests were cut into portions five inches
thick for easy removal of the present fauna, which was extracted
with the aid of forceps and fixed in 80% alcohol (Santos 2008). We
followed the classification of Santos (2008) regarding the degree of
activity in the nest: Active colonies (AT) - the queen, eggs, juveniles,
soldiers and workers are present; Aging colonies (AG) - members of
the royal caste and juveniles missing and workers in lower proportion
than the soldiers; Abandoned nests (AB) - absence of any termites.

Results

A total of 34 nests constructed by Nasutitermes spp. were
sampled. They were built from ground level to height of 4.5 m in trees.
Their degrees of activity were 14 active, 3 aging and 17 abandoned
nests. Oniscidea were not found in the 14 active nests. They were
present in a total of 17 nests: 2 aging and 15 abandoned, from ground
level to 3.7 m high (Table 1). One aging and two abandoned bore
no Oniscidea.

From the 146 specimens collected (Figure 1), most were
Atlantoscia rubromarginata Araujo & Leistikow, 1999 (84%)
(Table 1). This species was found in abandoned and aging nests from
the ground up to 3.7 m high. The second most common species was
Pudeoniscus birabeni Vandel, 1963 (6%). The other three species
were Pudeoniscus obscurus Lemos de Castro, 1973, Neotroponiscus
carolii Arcangeli, 1936 and Atlantoscia sp.. They comprised only
five individuals each.

They had different distributions. The specimens of Neotroponiscus
carolii found in this study were in abandoned nests more than two
meters high.

Discussion

The present study is the first report of the occurrence of terrestrial
isopods in termite nests in Brazil. Atlantoscia rubromarginata was
the most abundant species of Oniscidea we encountered. It was found
in all but the two highest of the aging and abandoned termitaria; that
is from ground level up to 3.7 m high.

The genus Atlantoscia presently comprises five described
species - A. floridana Van Name, 1940, A. rubromarginata Araujo &
Leistikow, 1999, 4. petronioi Campos-Filho, Contreira and Lopes-
Leitzke, 2012, A. ituberasensis Campos-Filho, Lisboa and Araujo
2013 and A. sulcata Campos-Filho, Lisboa and Araujo 2013 (Campos-
Filho et al 2013). Atlantoscia. floridana occurs in coastal areas from
Florida to Uruguay (Leistikow 2001) in nests of the ants Camponotus
rufipes Fabricius, 1775 and Odontomachus affinis Guerin-Meneville,
1844 (Lemos de Castro 1985). It is the most frequent and abundant in
diversity studies of Oniscidea conducted in southern Brazil (Araujo
& Bond-Buckup 2005, Lopes et al. 2005, Almerdo et al. 2006,
Quadros & Araujo 2008) and can reach population densities of up
to 1,040 individuals per m?.

We collected a limited number of individuals of another
undescribed species of Atlantoscia. Males are always selected for
the holotypes of Atlantoscia and only one male of this species was
collected, together with four females. The species will be described
when additional material becomes available. Here we cite it as
Atlantoscia sp. This species was present only in two nests, one
abandoned and at ground level, and an aging one 3.5 m high (Table 1).
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Figure 1. Isopods collected in the nests of Nasutitermes spp. in cacao plantations in Ilhéus, Bahia, Brazil: (A) Neotroponiscus carolii; (B) Atlantoscia
rubromarginata; (C) Pudeoniscus birabeni and (D) Pudeoniscus obscurus.

Table 1. Numbers of individuals of five species of terrestrial isopods in 17 Nasutitermes nests. Nests were classified by activity level and height. AB = abandoned,
AG = aging.

Height above Neotroponiscus Atlantoscia Atlantoscia Pudeoniscus  Pudeoniscus

Nest ground (m) carolii rubromarginata sp. 2 birabeni obscurus Total
AB - - 8 - - - 8
AB - - 13 - - - 13
AB - - 1 - 2 - 3
AB - - 19 - 4 1 24
AB - - 12 - 2 4 18
AB - - 22 - - - 22
AB - - - 2 1 - 3
AB 0.8 - 1 - - - 1
AB 1.6 - 5 - - - 5
AB 2 - 14 - - - 14
AB 2.1 - 18 - - - 18
AB 2.1 3 1 - - - 4
AB 2.4 1 - - - - 1
AB 32 1 1 - - - 2
AB 35 - 5 - - - 5
AG 35 - 1 3 - - 4
AG 3.7 - 1 - - - 1

Total 5 122 5 9 5 146
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The genus Neotroponiscus is endemic to forests of the Atlantic
coast of South America. It comprises eight species ranging from
Pernambuco in northeastern Brazil to Argentina (Souza-Kury 1998).
Neotroponiscus carolii has been recorded in the states of Sergipe,
Bahia and Espirito Santo (Souza-Kury 1998). It is found on fallen logs
and litter, and has been cited as myrmecophilous, being associated
with Camponotus rufipes (Lemos de Castro 1970).

The family Pudeoniscidae is endemic to Brazil. It comprises
only four species; two in Pudeoniscus and two in Brasiloniscus
Lemos de Castro, 1973 (Schmidt & Leistikow 2004). Pudeoniscus
is endemic to the Atlantic Forest. Previously P. birabeni (Schmalfuss
2003) had been recorded only from the states of Rio de Janeiro and
Sao Paulo (Souza-Kury 1998), and P. obscurus only from the state of
Sdo Paulo (Lemos de Castro 1973, Magrini et al. 2010). We report
for the first time, the two species occurring in Bahia State, about
1,000 kilometres further north. Pudeoniscus birabeni is the smallest
member of the genus, never exceeding 5 mm in length (Lemos de
Castro 1973). The specimens examined in this study were all in
abandoned nests on the ground. Both species of Pudeoniscus have
the ability to roll up into a ball (Lemos de Castro 1973). This ability
is said to reduce water loss and also serves as protection against
predators (Schmalfuss 1984).

Terrestrial isopods are important elements of the soil fauna.
In a study carried out by Podgaiski et al. (2007) on the use of
natural and artificial microhabitats by invertebrates in the Atlantic
Forest of Rio Grande do Sul, isopods represented 17% of the total
fauna under tiles and 23% of that in the litter. In the particular
environment of termite nests, terrestrial isopods represented
approximately 7% of all arthropods collected (Santos 2008). In our
study, it was found, however, that the terrestrial isopods use aging
and abandoned nests, but not those with active termite colonies.
The animals are, therefore, classified as termitariophilous. These
are animals that use termite mounds for shelter and as feeing and
nesting sites (Cunha & Brandao 2000). In contrast, termitophilous
animals are those that have an obligatory relationship with the
termite colony (Domingos 1983) spending part or all life in the
nest (Cunha & Brandao 2000).

Most Oniscidea feed on decaying matter, both vegetable and
animal. Abandoned termite nests are rich in organic material
accumulated by its builders and by other animals that utilise these
microhabitats (Santos 2008), which could be used as a food source
for terrestrial isopods. Another factor that may lead them to operate
or inhabit such nests is the structure itself. Isopods require a moist
environment and seek dark, humid places. The nests of termites are
constructed to maintain moisture and ventilation in their galleries
(Agarwal 1979) which provides a favorable environment for the
colonization of terrestrial organisms such as crustaceans. The galleries
and cavities vary in size, offering different options to the adequacy
of this habitat to the isopods. On the other hand, we must consider
that the specimens were found colonizing nests abandoned by their
builders, where the occupants dumped the maintenance of the galleries
and stopped defending their access. Thus, the relevance of the use
of nests can only be evaluated in a study that takes into account the
community of terrestrial isopods in and out of nests, considering
especially species occurrence and abundance in the environment
surroundings.

It may be noted that the termite nests studied here were
constructed by a single genus of termite, Nasutitermes. There are 38
known species and 27 genera of termites in primary and secondary
forests of Ilhéus (Reis & Cancello 2007) and it is expected that the
same or other species of terrestrial isopods will be found in nests of
other taxa of termites.
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