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Chelodesmidae is one of the most species rich families within the Myriapoda. However, little
is known regarding their association with caves. We provide a list of all Chelodesmidae taxa
reported from caves, map their worldwide distribution, and discuss the troglomorphic features
of the group. A total of 25 species and subspecies from 20 genera and 2 subfamilies have
been recorded from 59 caves and cave systems in 11 countries. These numbers represent a
surprisingly modest proportion (~3%) of the approximately 800 described species in the family.
Records of cave-dwelling chelodesmids appear to be geographically biased with most taxa
reported from the Neotropics, likely due to the greater diversity of the group in the region. The
lack of published records from the Afrotropics can undoubtedly be attributed to low sampling
efforts. In addition, many studies focusing on cave invertebrates, especially in the tropics,
often fail to identify chelodesmid taxa to the species level, thus precluding their inclusion on
checklists. The majority of the Chelodesmidae reported from caves do not display obvious
adaptations to a subterranean lifestyle and are not troglomorphic. The five troglobitic taxa
indicated in this study may represent relictual lineages suggesting that few, if any, radiations of
chelodesmids within caves have occurred in the past. Increased efforts are needed to bridge
the gap between our current understanding and the true diversity of the group in these fragile
and threatened habitats, which is necessary to allow policy makers to prioritize appropriate
and effective conservation efforts, including the protection of environments severely impacted
by human activities.
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INTRODUCTION

The family Chelodesmidae Cook, 1895 comprises
176 genera and nearly 800 species of medium-
sized millipedes commonly found in moist habitats,
primarily in the Neotropical and Afrotropical regions
of the world (Hoffman, 1980; Bouzan et al., 2019).
Members of the family exhibit an impressive degree
of morphological variability including a wide range
of color patterns, paranotal ornamentations, and
gonopodal morphology (Schubart, 1955; Hoffman,
1969, 1976; Pena-Barbosa et al., 2013; Bouzan et
al., 2017). The currently accepted classification of the
group divides Chelodesmidae into two subfamilies,
Chelodesminae Cook, 1895 for the Neotropical species,
and Prepodesminae Cook, 1896 for the Afrotropical
and Palearctic taxa (Hoffman, 1980). At present, 19
tribes are recognized within the Chelodesminae and 2
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in the Prepodesminae with over half of the described
species not yet assigned to a tribe (Hoffman, 1980;
Pena-Barbosa et al.,, 2013; Bouzan et al., 2017,
Shelley & Smith, 2018).

Although the unusual morphology and biology
of cavernicolous animals have long attracted the
attention of speleologists and biologist alike, the
invertebrate communities of most of the world’s cave
systems remain understudied and are not well known
(Howarth, 1983; Wynne et al., 2019). Millipedes are
often found in caves and other subterranean habitats,
along with other commonly encountered terrestrial
arthropod groups, such as harvestmen, spiders,
isopods, springtails, and beetles (Golovatch & Kime,
2009; Culver et al., 2013; Enghoff, 2015; Gallao &
Bichuette, 2018; Hal’kova et al., 2020). Despite
this fact, cave-dwelling millipedes remain relatively
understudied and new taxa are found with regularity.
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This is evidenced by the description of over 40 millipede
species from caves in the United States between
2004 and 2016, and approximately 100 species from
Chinese caves during the same time period (Lewis,
2005; Shear, 2007, 2008a, 2008b, 2010, 2011;
Shear et al., 2009; Liu et al., 2017). In addition, the
recent discovery of the previously unknown suborder
Dobrodesmidea from a Brazilian cave suggests that
even high-level cave-dwelling millipede taxa remain to
be discovered (Shear et al., 2016).

The defining feature of the subterranean realm is
the permanent absence of light, although different
habitats within it exhibit different relationships with
lightranging from a light-dark gradient at the boundary
of the habitat (e.g., soil, caves) to its complete absence
(e.g., epikarst and deep-cave areas). In general,
subterranean habitats can be separated into two broad
categories - deep (i.e., caves) and shallow. Broadly
defined, Shallow Subterranean Habitats (SSH, Culver
& Pipan, 2008, 2014) include soil, shallow aquatic
interstitial habitats, lava tubes, hypotelminorheic and
seepage springs, Milieu Souterrain Superficiel (MSS,
Juberthie et al., 1980), epikarst, calcrete aquifers
(Culver & Pipan, 2014), and the voids associated with
the superficial topmost breccia (canga formation) in
ferrugineous landscapes (Ferreira et al., 2018). These
habitats, except for some lava tubes, are typically
close to the surface and do not extend beyond a few
meters in depth. While some subterranean habitats
are characterized by large spaces (e.g., caves, lava
tubes), others represent intermediate cavities (e.g.,
MSS) or small voids (e.g., soil) with a corresponding
effect on the morphology of the organisms that inhabit
them (Culver & Pipan, 2014).

These unusual environments present strong filters
acting on the local epigean fauna, thus affecting the
colonization and successful establishment of these
taxa in subterranean environments (Prous et at.,
2004, 2015). Invertebrates adapted for a subterranean
existence are, in most cases, morphologically distinct
and can be distinguished from their surface-dwelling
counterparts by the reduction or loss of eyes and
pigment. Other adaptations for subterranean existence
may include changes in body size (smaller body size
of animals associated with small cavity habitats,
e.g., soil), elongation (e.g., caves) or shortening of
appendages (e.g., soil), reduction of spinescence (e.g.,
soil), winglessness and others (Culver & Pipan, 2014;
Ortuno & Gilgado, 2010; Wong & Guénard, 2017).
It is important to note that not all of these taxa live
exclusively in just one of these environments and
while the absence of eyeless, depigmented species in
the surface realm is rather the norm, the finding of
eyed, pigmented species in subterranean habitats is
a common occurrence (Martin et al., 2001; Culver &
Pipan, 2014).

As with other subterranean habitats, ecological
factors such as the absence of light and the
reduced availability of food resources restrict the
number and types of organisms which can thrive
in caves. Troglomorphic taxa (i.e., taxa exhibiting
features associated with life in caves) are usually
characterized by specialized morphological traits

(troglomorphisms), in addition to physiological and
behavioral adaptations (which are by no means
less biologically relevant). These taxa include
troglobionts (obligatory cave-dwelling species with
exclusively subterranean populations) and some
troglophiles (species with populations in both
epigean and subterranean habitats) (Christiansen,
1962; Howarth, 1983; Trajano, 2012). It is important
to note that while troglomorphisms can be useful
in the description and study of subterranean taxa,
it is often difficult to connect them to functional
troglobiosis (Sket, 2008).

Classical arthropod troglomorphisms include
both regressive and constructive traits. Regressive
traits include reduction or loss of eye structures,
pigmentation, wings, and thining of the cuticle
(Howarth, 1983; Sket, 2008; Romero, 2009).
Constructive traits, such as elongation of appendages
(i.e., legs and antennae), usually arise as a sensory
compensation (i.e., antennae or fish barbels)
selected under dark conditions. Many of these
troglomorphisms, including elongated, slender legs
and/or antennae, depigmentation, and reduction or
complete lack of ommatidia, have been found in cave-
restricted Diplopoda (Chamberlin, 1942; Enghoff,
1985, 1993; Shear, 1986; Moseley, 2006; Liu et al.,
2017; Anti¢ et al., 2022). Modifications unique or
nearly unique to millipedes include an enlargement
of the Témosvary organs in some Glomeridesmida
(Iniesta et al., 2012) and an adaption of the
mouthparts to a seemingly filter-feeding lifestyle
(Enghoff, 1985). In the latter group of millipedes,
which belong to the families Julidae, Blaniulidae,
and Polydesmidae, the mandibles are reduced,
and the pectinate teeth are increased in number
and length, resembling the baleen plates of some
whales, which may allow these millipedes to catch
small particulate matter in rivulets of water running
down the walls and floors of caves (Enghoff, 1985).
Analogous modifications in mouthparts may
also be observed in species of Collembola and
Coleoptera (Deharveng & Christian, 1984; Perreau
& Pavicevi¢, 2008; Malcicka et al., 2017; Jantarit
et al., 2019). Body size variation in troglobitic
millipedes, as compared to congeneric epigean
relatives, may also be indicative of restriction to caves
(Liu et al., 2017). In some Neotropical cave-dwelling
millipedes, such as Pseudonannolene Silvestri, 1895
(Spirostreptida), the adults are smaller than their
epigean relatives, while in Glomeridesmus Gervais,
1844 (Glomeridesmida) the adults are bigger than
congeneric species (Iniesta et al.,, 2012; Iniesta
& Ferreira, 2013a, b). Other troglomorphic traits
may include variation in the number of body rings.
The troglomorphic Dobrodesmus mirabilis Shear,
Ferreira & Iniesta, 2016 (Dobrodesmidea) exhibits a
remarkable postembryonic development with 39 body
rings plus telson in adults, while the typical number
of rings in polydesmidans is 19 (usually referred as
19+t) (Shear et al., 2016). A similar postembryonic
development (39-43 trunk segments as compared to
21-23 in congeneric species) has been observed in
Scolopendropisis duplicata Chagas-Jr, Edgecombe &
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Minelli, 2008, an epigean centipede restricted to the
Cerrado of northern Brazil (Chagas-Jr et al., 2008;
Minelli et al., 2009).

As is the case with many other arthropod groups,
records of cave chelodesmids are geographically biased
and some areas are much better represented in the
published literature than others (Wynne et al., 2019).
For example, Brazil, especially the southeastern part
of the country, is one of the best-explored areas in
relation to cavernicolous chelodesmid diversity (Pinto-
da-Rocha, 1995; Trajano et al., 2000). On the other
hand, the entire African continent, which contains
140 described chelodesmid taxa, has a single
species, Macellolophus rubromarginatus (Lucas, 1846),
recorded from a single cave (d’Ain Fezza; Algeria). It is
important to note that many studies focusing on cave
invertebrates, especially in the tropics, often fail to
identify taxa to the species level, thus precluding their
inclusion on checklists.

The paucity of trained taxonomists and speleologists
hinders our ability to understand the taxonomy,
biology, and ecology of cave-dwelling millipedes.
To facilitate and encourage further studies of
cavernicolous millipedes we summarize all published
information regarding cave-dwelling Chelodesmidae,
focusing on the records presented in the literature at
the species level, map their worldwide distribution,
and provide a discussion of the troglomorphic features
of the group.

MATERIAL AND METHODS

Data on all chelodesmid taxa recorded from
caves were extracted through a series of queries
using “Chelodesmidae,” “Leptodesmidae,”
“Macellolophidae,” and “cave” (in English, French,
German, Italian, Portugese, and Spanish) as search
terms in CIM LIT - the Online Literature Database
for Myriapoda (https://cms.myriapodology.org/index.
php) and in MilliBase - a global species catalog of the
Diplopoda (https://www.millibase.org/) covering works
published up to 2022. Once a species was determined
to have been recorded from a cave, or cave system, we
expanded our search to include all published records
pertaining to that species.

To our knowledge, there have been no studies
that have quantified chelodesmid troglomorphisms,
as is the case with many other cavernicolous
taxa. The difficulty of identifiying and quantifying
troglomorphisms within the group is exacerbated by
the fact that many early taxonomic studies are largely
descriptive, merely providing a narrative of a taxon’s
morphology and do not include information on
quantifiable characters. Moreover, all members of the
order Polydesmida, to which Chelodesmidae belongs,
lack eyes. Therefore, the reduction or loss of eye
structures, a classical, quantifiable, troglomorphic
feature often used as a proxy for adaptation to a
subterranean existence, cannot be applied to this
family. As a result, we relied on existing collection
records and on morphological character descriptions
as they appear in the published literature to identify
troglobitic (sensu Sket [2008]) taxa. We classified

taxa as troglobitic if they possessed at least one
troglomorphic feature and were exclusively recorded
from cave environments.

It is important to note that most of the reviewed
records lack geographic coordinates. In the case of
older works, precise localities are not presented due
to the obvious difficulties in obtaining coordinates of
a given locality. More recently, however, some authors
have chosen not to present coordinates claiming
that this approach would help protect the integrity
of these fragile habitats. Most of the current species
descriptions, however, include coordinates and
frequently list specific microhabitats where these taxa
occur. Such information is essential for assessing
current and future threats to these species. Not
providing locality information to avoid impacts to cave
habitats has actually proven to be more harmful than
useful, as this practice hinders our ability to locate
species and assess a species’ habitat on a large scale,
in the case of threat assessments. We provide verbatim
localities as they appear in the published literature
and only report geographic coordinates that have been
previously published (Supplementary Information).
Locality information, such as geographic coordinates,
that was not presented in the literature was obtained
using Google Earth Pro (Alphabet, California, USA,
v.7.3.4). Distribution maps were generated using the
free software DIVA-GIS 7.5.0. (Hijmans et al. 2001).
Nomenclature and taxonomic terms follow Hoffman
(1980) and Bouzan et al. (2019).

RESULTS

We identified a total of 118 records of cave-
dwelling Chelodesmidae from 61 published studies
representing 25 species and subspecies from 20
genera and 2 subfamilies in 12 countries (Table
1; Supplementary Information). These data include
61 cave records from 59 caves and cave systems
(functionally interconnected caves) in 11 countries
(Fig. 1; Table 1; Supplementary Information). The single
record from Morocco was epigean. There were only two
caves with more than a single record each — Cueva
del Aura, Cuba (Amphelictogon couloni (Humbert &
DeSaussure, 1869) and A. propinquus Loomis, 1938),
and Cueva el Fustete, Cuba (A. cubanus Chamberlin,
1918 and Granmadesmus minor Pérez-Asso, 1990).

Of the taxa recorded from caves, ten have not been
collected from epigean environments and seven of those
are known from a single cave (Table 1; Supplementary
Information). Twelve species and subspecies have the
majority (67-100%) of their records from caves, six
species have an equal number of epigean and cave
records, and the remaining seven taxa have <50% of
their records from caves (see Supplementary Information).
Only three taxa were represented by four or more cave
records - M. rubromarginatus (24 records; 39.3% of all
cave records), Cantabrodesmus lorioli Mauries, 1971 (7,
11.5%), and Leodesmus yporangae (Schubart, 1946) (4;
6.6%). These three taxa made up more than half (57.4%)
of all cave records identified in this study (Supplementary
Information). The remainig taxa were represented by two
or fewer cave records each.
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Fig. 1. Map of Chelodesmidae cave records. Troglobitic taxa are represented by yellow stars.

Based on morphological features and collection
records, five of the taxa reported from caves
are herein considered troglobitic: L. yporangae;
Platyurodesmus parallelus Loomis, 1977; Ricodesmus

uniporus (Loomis, 1977); Strongylosomides troglobius
Golovatch, Bouzan & Gallo, 2022; and C. lorioli. All of
these taxa are only known from caves (Figures 1, 2;
Table 1; Supplementary Information).

N

__1 50km

D 2 : |
Fig. 2. A: Map of Brazil showing lithostratigraphic units; B: Type locality (yellow star) of Leodesmus yporangae in the Agungui Group;
C: Atlantic Forest in the Agungui Group; D: Inner cave conduit where L. yporangae is found; E: Living specimen of L. yporangae.
Photos: A-C and E are by R.L. Ferreira, and D is courtesy of D. Menin.
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Table 1. Summary of worldwide cave-dwelling Chelodesmidae. Taxa are arranged alphabetically by subfamily, genus, and species. Troglobitic taxa
are presented in bold.

Taxon Country Troglomorphisms Remarks
CHELODESMINAE
Amphelictogon couloni (Humbert Orlgmal description does not include precise
Cuba -—- location. Subsequently reported from a cave by
& DeSaussure, 1869) 2
Pérez-Asso (1996).

Amphelictogon cubanus . . .
Chamberlin, 1918 Cuba -—- Multiple records from epigean environments
Amphelictodon propinguus The original description includes the single known cave

D gon proping Cuba - record (Loomis, 1938). Multiple records from epigean
Loomis, 1938 ;

environments.
. Described from an epigean environment, and later
Amphelictogon subterraneus . . 2
: - Cuba -—- recorded from caves in the region (Pérez-Asso,
dolius Chamberlin, 1922
1996)

. “Corps d’'un blanc Described from a cave, and later recorded from
Amphelictogon s. subterraneus . ” . . X . ! . .
(DeSaussure, 1859) Cuba luisant.” [shiny, white epigean environments in the region (Pérez-Asso,

’ body] (DeSaussure, 1859) 1996).
. .. Described from an epigean environment, and later
Brasilodesmus decipiens . . .
. Brazil - recorded from caves in the region (Bouzan et al.,
(Brélemann, 1902)
2018a)
Camptomorpha weyrauchi Peru -—- Known only from a single cave
(Chamberlin, 1955) Y &
Caraibodesmus pictus Loomis, . .
1969 Jamaica - Known only from a single cave
Considered troglobitic by Nicholas (1962) and
Chondrodesmus sabachanus . listed as a troglophlle /trogloxene .by ReddeH.
) Mexico -—- (1981). This species displays the typical coloration
Chamberlin, 1938
of the genus and has also been recorded from a
single epigean locality (Chamberlin, 1938, 1952)
Listed as a troglophile by Hoffman (1982). This
Curimaguana granulata Venezuela o species “shows no special modification for
(Hoffman, 1982) cavernicoly” (Hoffman, 1982, p. 648). Known only
from a single cave
. p Described from a cave, and later recorded from
Granmadesmus minor Pérez- - . : . p
Cuba - epigean environments in the region (Pérez-Asso,
Asso, 1990
1995)
Body depigmented,
Leodesmus yporangae Brazil long legs, claws, and Onlv known from caves
(Schubart, 1946) antennae (Schubart, Y
1946a)
Leptodesmus cordisburgensis Described from an epigean environment, but also
Schubart, 1956 Brazil - recorded from the photic zone of a cave (Schubart,
1956).
Leptodesmus ailvomelaena Described from an epigean environment, and later
P g Brazil - recorded from caves in the region (Trajano et al.,

Schubart, 1946

2000)

Lepturodesmus joannae

Trinidad and

Described from a cave, and later recorded from

Hoffman, 1975 Tobago epigean environments in the region (Jeekel, 2009)
Some cavernicolous Listed as a troglophile by Schubart (1956).
Obiricodesmus rupestris Brazil populations depigmented, | This species is found in both cave and epigean
Schubart, 1956 thin cuticle, long legs environments, with cave populations supposedly
(Schubart, 1956) presenting troglomorphisms (Schubart, 1956)
Listed as a probable troglophile by Bouzan et al
Parastenonia carajas Bouzan & Brazil o (2019). Only two specimens were recorded from
Iniesta, 2019 epigean localities after extensive searching in the
surrounding forests (Bouzan et al., 2019)
Platyurodesmus parallelus Jamaica Body depigmented Listed as a probable troglophile by Loomis (1977).
Loomis, 1977 (Loomis 1977) Only known from caves
. . Body depigmented, Listed as a probable troglobite by Loomis (1977)
Ricodesmus uniporus Puerto Rico | o0& slenderlegsand | 4 'pe o) Acco (2002). Only known from a single
(Loomis, 1977) antennae (Loomis 1977, . avey &
Pérez-Asso, 2002)
Listed as a troglophile by Golovatch et al. (2022).
Rotundotergum elevatum No apparent adaptations for cavernicoly. Long
Golovatch, Bouzan & Gallo, Brazil - legs, but no more than related epigean species
2022 (Golovatch et al., 2022). Only known from a single
cave
. Described from an epigean environment, and later
Rupidesmus ruber Schubart, Brazil - recorded from caves in the region (Bouzan et al.,

1952

2018b)
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Table 1. Continued

Strongylosomides troglobius Light pigmentation, thin . .
Golovatch, Bouzan & Gallo, Brazil cuticle (Golovatch et al., Lls:d(;(s);ﬁ)rogir ligg‘%f?gﬁ zysgoﬁzvs;czz et
2022 2022) : : y g

. . . Although many juveniles were collected from a
Trichomorpha capillata Loomis, e

Panama cave, a number of individuals were also recorded
1964 . - -
from epigean environments (Loomis, 1964)
PREPODESMINAE
Body depigmented
antennomeres,
Cantabrodesmus lorioli Spain podomeres, and Listed as a troglobite by Mauriés (1971). Only
Mauriés, 1971 p tarsal claws elongated known from caves
(Mauriés, 1971, Luque
& Labrada, 2017)
Aloeri Listed as a troglophile by Mauriés et al. (2006).
. geria, - -
Macellolophus rubromarginatus M Cave-dwelling populations appear to be scattered
orocco, . :
(Lucas, 1846) - randomly over the geographical range of this
Spain species

The total number of cave records was highest for
Spain (30 records; 2 species), followed by Brazil (13
records; 9 species), Cuba (8 records; 6 species), Jamaica
(2 records; 2 species), and Puerto Rico (2 records; 1
species) with the remaining six countries with a single
cave record each (Fig. 3). Of the five troglobitic taxa, two
(40%) occur in Brazil, with Jamaica, Puerto Rico, and
Spain represented by a single species each (Table 1).

The following taxa were not included in the above
assessment due to the lack of sufficient information
and difficulties of determining discrete taxonomic
units (i.e., species and subspecies) and associating
cave collections of these taxa with epigean records:
Batodesmini Cook, 1896 [undescribed Alocodesmus
Silvestri, 1896 (Chapman, 1980, Venezuela)],
Trichomorphini Hoffman, 1979 [Trichomorpha Silvestri,
1897 (Chapman, 1980, Venezuela; Barriga et al.,
2019, Colombia)]; Arthrosolaenomeridini Hoffman,
1976 [Arthrosolaenomeris Schubart, 1943 and
Gangugia Schubart, 1947 (Trajano et al., 2000, Brazil)];
Chelodesmini Cook, 1895 [Eurydesmus DeSaussure,
1860 (Trajano et al., 2000, Brazil)]; Strongylomorphini
Hoffman, 1981 [Brasilodesmus Brolemann, 1929
(Trajano et al., 2000, Brazil; Bichuette et al., 2017,
Brazil) and Strongylomorpha Silvestri, 1897 (Trajano
et al.,, 2000, Brazil)]; Leptodesmini Attems, 1898
[Leptodesmus DeSaussure, 1859 (Trajano et al. 2000,
Brazil)]; Lepturodesmini Hoffman, 1975 [Camptomorpha
Silvestri, 1897 (Trajano et al., 2000, Brazil) and
Lepturodesmus  Silvestri, 1898 (Chapman 1980,
Venezuela)]; and the genus without tribal position
Henrisaussurea Hoffman, 1971 (Bichuette et al., 2017,
Brazil). It is important to reinforce the idea that many
studies focusing on cave invertebrates do not present
Chelodesmidae taxa determined to the genus or species
level, but only present family-level records (e.g., Ferreira
et al., 2010; Simoes et al., 2015; Souza-Silva et al., 2020,
2021). Therefore, the actual number of chelodesmid cave
records is certainly higher than the one presented in this
study, which focused on described and valid taxa.

DISCUSSION

The 25 taxa reported from caves represent 3% of
the approximately 800 described species in the
Chelodesmidae. This modest proportion holds true for

the center of worldwide diversity for the group, Brazil,
which although having the highest known chelodesmid
diversity of any country in the world, only contains a
handful of cavernicolous taxa (see also Trajano et al.,
2000). In Brazil, the group is outnumbered in terms of
cave-frequenting taxa by far less species rich families
such as the polydesmidan Oniscodesmidae (~35
species) and the spirostreptidan Pseudonannolenidae
(~90 species) (Trajano et al., 2000).

The five troglobitic species indicated in this study
belong to five separate genera, representing 2.8% of
the 176 genera in the Chelodesmidae. This is in stark
contrast to many other groups, including millipedes,
in which troglomorphic taxa are often concentrated
within a small number of genera and/or tribes (Trajano
et al., 2000; Niemiller et al., 2017; Huber, 2018). For
example, the North American genus Pseudotremia
Cope, 1869 (Chordeumatida: Cleidogonidae) and
the East Asian genus Epanerchodus Attems, 1901,
(Polydesmida: Polydesmidae) both contain a high
proportion of the cavernicolous taxa in their respective
families. Why this is not the case in the Chelodesmidae
remains an open question, but the lack of congeners
within cave systems suggests that these troglomorphic
taxa may represent relictual lineages, and that few,
if any, radiations of chelodesmids within caves has
occurred in the past. A similar trend of possibly
relictual cavernicolous taxa can be seen in the family
Trichopolydesmidae (Anti¢ et al., 2022).

Two hypotheses can be used to explain the apparent
rarity of troglomorphic chelodesmids: i) the low number
of troglobitic species is due to a paucity of sampling
efforts in cave environments in most tropical areas
where the family is more diverse or ii) the fact that
most members of the family are intertropical, forest-
dwelling taxa, and thus the effects of climate changes
during the last glacial maximum may have not been
sufficiently strong to isolate populations within caves.
Both of these hypotheses merit further investigation.

The four countries with the highest number of
cave records and cave-frequenting species are Spain
(30 records; 2 species), Brazil (13; 9), Cuba (8; 6),
and Jamaica (2; 2). The high number of Spanish
cave records appears inflated by the presence
of the widespread and non-troglomorphic M.
rubromarginatus, which accounts for nearly 80% of
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the cave records for that country. The relatively high
number of cave records from Brazil, Cuba, and to a
lesser extent Jamaica is due to their well-developed
cave systems, and undoubtedly due to the historical
efforts of biospeleology groups in these countries.
Targeted cave faunal surveys have been conducted in
Brazil, and in some Central American countries, since
the mid-20th century (Schubart, 1946a; Causey,
1966; Loomis, 1969; Trajano, 1987; Pinto-da-Rocha,
1995). In this regard, the presence of a single record
from Mexico, a similarly cave-rich country in which
there have been multiple studies focused on cave-
dwelling millipedes is rather surprising (Chamberlin,
1942; Shear, 1973, 1977, 1986). On the other hand,
the presence of a single cave record from Africa can
undoubtedly be attributed to low sampling efforts.

Among the troglobitic Chelodesmidae, C. lorioli is
undoubtedly the most striking. This rarely collected,
ornamented, nearly completely depigmented species
has elongated legs, antennae, and tarsal claws, and
is only found deep within caves of the Alton Asén-
Miera basin of Spain, an area known for its high
subterranean biodiversity (Luque & Labrada, 2017).
Cantabrodesmus lorioli is the only cave-restricted
Chelodesmidae known from the Palearctic and is likely
a relictual species whose ancestors first ventured into
caves in the past when the family was likely more
widespread in what is now modern day Spain. Several
studies have supported the idea that the unfavourable
climatic conditions during the Last Glacial Maximum
(ca. 20,000 years ago) were one of the main ecological
drivers influencing the diversity of troglomorphic
species in the Holarctic (Allegrucci et al., 2005; Protas
& Jeffery, 2012; Bryson-Jr et al., 2014; Sanchez-
Fernandez et al., 2016). Nonetheless, little is known
regarding the mechanisms of troglomorphic evolution
in groups with low vagility, such as millipedes.

The population ecology of L. yporangae, known
only from the Areias and the Alambri Cave of
southeastern Brazil, was studied by Thompson and
Moracchioli (1996) who reported high population
densities (up to 10 individuals/m?) in cave sediment
banks of the Areias system, along with seasonal
fluctuations likely related to periodical movement of
individuals between shallower and deeper sediment
layers synchronized with the rain cycles. Although no
further studies of this species have been conducted,
recent observations (R.L. Ferreira, unpublished
data) indicate a pronounced reduction of population
densities, at least in the Areias system. It is important
to note that morphological variations have been
observed among distinct populations of this species
(Mauriés & Geoffroy, 2000). Considering the lack of
detailed work on this species, we cannot exclude the
possibility that these populations may eventually turn
out to represent distinct cryptic species. A similar
situation has been observed in other previously widely
distributed troglobitic species, such as amphipods and
fish (Niemiller et al., 2013; Chakrabarty et al., 2014,
Deli¢ et al., 2017). The remaining three troglobitic
taxa have been only rarely collected and appear to be
geographically restricted. Platyurodesmus parallelus
is only known from two collection events in Jackson

Bay Cave, south-central Jamaica, made in 1974; R.
uniporus has been reported from two caves of the
Camuy River cave system, in the central and northern
regions of Puerto Rico; and S. troglobius is only known
from the aphotic zone of the Caverna Baixa Fria in
eastern Brazil (Loomis, 1977; Peréz-Asso, 2002;
Golovatch et al., 2022). Virtually nothing is known
regarding the biology and ecology of these taxa.

An interesting case of color dimorphism occurs in the
troglomorphic O. rupestris, in which epigean populations
display a dark coloration while some specimens of
cave populations are nearly completely depigmented
(Schubart, 1956). Schubart (1956) reported no other
noticable differences between these populations
including gonopod morphology. This interesting case
merits further research, however, this rare species has
not been collected or seen since its original discovery
in the municipality of Lagoa Santa, Brazil, nearly 75
years ago. It is important to mention that troglomorphic
populations of troglophilic species are known for other
taxa occurring in caves, such as isopods (Protas et al.,
2011) and fishes (Mendes et al., 2019).
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Fig. 3. Number of cave-dwelling Chelodesmidae records by country.
Dark shaded portion of bars represents number of cave records;
light shaded portion of bars represents number of non-cave records;
numbers by each bar represent number of species.

The highest known diversity of cave-dwelling
Chelodesmidae is found in the Neotropics, with
most species occurring in unprotected areas without
conservation policies. Except for L. yporangae, there
are no studies on the distribution or conservation
status of troglomorphic chelodesmids, which could
partially explain the scarce information available
for these taxa. Although L. yporangae occurs in a
protected area in Brazil (i.e., Parque Estadual Turistico
do Alto Ribeira, PETAR), it is the only troglomorphic
chelodesmid species categorized as critically
endangered (CR) in a list of Brazilian threatened
Myriapoda based on IUCN criteria (Karam-Gemael et
al., 2018). The PETAR karst corresponds to carbonate
rocks of the Formation Bairro da Serra (geological
conformation of Acungui Group), which is primarily
composed of marine deposits of an ancient continental
margin formed between the Mesoproterozoic and
Neoproterozoic. The origin of this system is related
to the separation of continents since the Cretaceous
(ca. 120 Ma) and remains active in geomorphological
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terms (Campanha & Sadowski, 1999; Campanha et
al., 2008, 2010). It also harbors the cave-dwelling
Yporangiella stygius Schubart, 1946 (Pyrgodesmidae),
the first troglobitic millipede described from Brazil
along with L. yporangae (Schubart, 1946a). To date,
several other troglomorphic invertebrates have been
described from the cave system (Trajano & Bichuette,
2010; Souza-Silva & Ferreira, 2016), including the
centipede Cryptops (Trigonocryptops) iporangensis Azara
& Ferreira, 2013 (Azara & Ferreira, 2013). The main
impacts to PETAR caves are largely a result of tourism
management (Lobo, 2015; Lobo et al., 2014, 2015).

The regions where Rupidesmus ruber Schubart,
1952, Leptodesmus cordisburgensis Schubart,
1956, and O. rupestris are found are suffering
from uncontrolled tourism, including trampling,
garbage, artificial lighting, and impacts related
to human activities in the surrounding areas,
such as deforestation, agropastoral practices, and
construction close to cave entrances (Bouzan et al.,
2018b; Souza et al., 2021). In addition, this karst
system has suffered from carbonate rock mining,
causing environmental alterations with major
impacts on cave communities. A similar situation can
be seen in Parastenonia carajas Bouzan & Iniesta,
2019, a species which is widespread in caves of Serra
do Carajas, a landscape composed of large plateaus
of ferruginous outcrops located within the Amazon
Forest of northern Brazil (Bouzan et al., 2019). The
Carajas region contains appoximately 2,000 caves
which are threatened by mining operations of its
large iron ore deposits (Palheta et al., 2017). Although
all Brazilian caves have been integrally protected, a
recent presidential decree (decree n°10.935, posted
on January 12, 2022) is currently allowing the
alteration and destruction of caves, representing a
serious threat to Brazilian subterranean biodiversity
(Ferreira et al., 2022). There is a pressing need to
review the Brazilian policy regarding cave protection,
considering both the needs of preserving karst
systems due to their biodiversity and endemic
species, and the essential ecosystem services they
provide.

Unfortunately, little is known regarding non-
Brazilian cave-dwelling chelodesmids beyond their
original descriptions. Further studies are needed to
more fully understand the biological aspects and
conservation needs of these taxa. In this regard, a
worldwide list of cave-dwelling species is necessary to
facilitate research and allow policy makers to prioritize
appropriate and effective conservation efforts at the
local or national level, including the protection of
environments severely impacted by human activities.

Troglomorphisms within the Chelodesmidae
Known, or suspected, troglomorphisms within the
Chelodesmidae include depigmentation, thinning of
the cuticle, and elongation of appendages. Of these,
the most commonly mentioned troglomorphism was
depigmentation, followed by elongation of appendages,
and thinning of the cuticle. With the exception of
the latter, these features present challenges within
the framework of the group. The family displays a

wide range of colors and color patterns, therefore an
assessment of depigmentation as a troglomorphism
should be based on a careful quantification of the
reduction, or loss, of dark pigments in troglomorphic
taxa as compared to close epigean relatives. Many
taxa in the family are known to possess elongated legs
and antennae supposedly to aid in the navigation of
their environments in the absence of eyes. Therefore,
these characters must be quantified based on detailed
comparisons between troglomorphic taxa and closely
related epigean relatives, including comparisons of
ratios between appendages and other somatic features
(e.g., body ring width, head width, body length).
Importantly, the reduction of podomere length (e.g.,
femur), however, does not necessarily preclude a
troglomorphic status. Long legs may not be especially
advantageous to a cave-dwelling scavenger, a situation
seen in the troglomorphic P. parallelus (Loomis, 1977,
Hoffman, 1979). For subterranean species restricted
to small voids (e.g., shallow subterranean habitats),
short legs will be the norm.

In addition to morphophysiological adaptations
for subterranean environments, such as metabolic
rate and longevity, other potential chelodesmid
adaptations may include number and size of eggs,
overall body size, number and size of sensory setae,
mouthpart modifications, reduction in number and
size of ozopores, and changes in the size and/or shape
of paranota. Identification and/or quantification of
such features, however, will require a dedicated effort
including carefully planned and executed field and
laboratory studies.

ACKNOWLEDGMENTS

The authors are grateful to the MZSP library team
for their assistance. Special thanks to Daniel Menin
for providing the Leodesmus yporangae images.
This study was supported by a grant to RSB by
Coordenacao de Aperfeicoamento de Pessoal de Nivel
Superior - Brazil (CAPES) (n° 88887.510007/2020-00);
ADB from Conselho Nacional de Desenvolvimento
Cientifico e Tecnolégico (CNPq n° 303903/20019-8)
and LFMI (CNPq n° 162977/2020-4). This study was
financed by Vale S.A. and in part by CAPES - Finance
Code 001. We acknolwedge the comments from two
annonymus reviewers that improved our paper.

Authorship statement: RSB formulated the idea;
RSB, JCM, and KI contributed to the literature review;
RSB, LFMI, JCM, and KI built the sample design and
wrote the manuscript; LFMI, RLF, and ADB reviewed
the manuscript and contributed to the discussion of
the results.

REFERENCES

Allegrucci, G., Todisco, V., Sbordoni, V., 2005.
Molecular phylogeography of Dolichopoda cave crickets
(Orthoptera, Rhaphidophoridae): A scenario suggested
by mitochondrial DNA. Molecular Phylogenetics and
Evolution, 37(1), 153-164.
https://doi.org/10.1016/j.ympev.2005.04.022

International Journal of Speleology, 51 (3), 235-248. Tampa, FL (USA) September 2022


https://doi.org/10.1016/j.ympev.2005.04.022

Cave-dwelling Chelodesmidae 243

Anti¢, D., Vagalinski, B., Stoev, P., Akkari, N., 2022.
A review of the Cavernicolous Trichopolydesmidae
(Diplopoda, Polydesmida) from the Carpathian-Balkan
arch and the Rhodope Mountains, with descriptions of
two new genera and three new species. ZooKeys, 1097,
1-46. https://doi.org/10.3897 /zookeys.1097.83916

Attems, C.M.T. Graf von, 1898. System der
Polydesmiden. I. Theil. Denkschriften der Kaiserlichen
Akademie der Wissenschaften zu Wien, Mathematisch-
Naturwissenschaftliche Classe, 67, 221-482.

Attems, C.M.T. Graf von, 1901. Neue, durch den
Schiffsverkehr in Hamburg eingeschlepte Myriopoden.
Mitteilungen aus dem Naturhistorischen Museum in
Hamburg, 18, 109-116.

Attems, C.M.T. Graf von, 1938. Myriapoda 3.
Polydesmoidea II. Fam. Leptodesmidae, Platyrhachidae,
Oxydesmidae, Gomphodesmidae. Das Tierreich, 69,
1-487. https://doi.org/10.1515/9783111430645

Attems, C.M.T. Graf von, 1940. Myriapoda 3.
Polydesmoidealll. Fam. Polydesmidae, Vanhoeffeniidae,
Cryptodesmidae, Oniscodesmidae, Sphaerotrichopidae,
Peridontodesmidae, Rhachidesmidae, Macellolophidae,
Pandirodesmidae. Das Tierreich, 70, 1-577.
https://doi.org/10.1515/9783111609645

Azara, L.N., Ferreira, R.L., 2013. The first
troglobitic  Cryptops (Trigonocryptops) (Chilopoda:
Scolopendromorpha) from South America and the
description of a non-troglobitic species from Brazil.
Zootaxa, 3709(5), 432-444.
https://doi.org/10.11646/zootaxa.3709.5.2

Barriga, J.C., Martinez-Torres, D., Lo6pez-Orozco,
C.M., Villarreal, O., Murica, M.A., 2019. Artrépodos
terrestres de las cuevas y cavernas de El Peion
(Andes), Santander, Colombia. In: Lasso, C.A., Barriga,
J.C., Fernandez-Auderset, J. (Eds.), Biodiversidad
subterranea y epiugea de los sistemas carsticos de El
Pefion (Andes), Santander, Colombia. VII. Serie Fauna
Silvestre Neotropical. Instituto de Investigacion de
Recursos Biolégicos Alexander von Humboldt. Bogota,
D.C., Colombia, p. 99-155.

Bichuette, M.E., Nascimento, A.R., Gallado, J.E., Resende,
L.P.A., Zepon, T., 2017. Terrestrial fauna of the
largest granitic cave from Southern Hemisphere,
southereastern Brazil: A neglected habitat. Neotropical
Biology and Conservation, 12, 75-90.

Bouzan, R.S., Iniesta, L.F.M., Brescovit, A.D., 2018b. A
review of the millipede genus Rupidesmus Schubart, 1952
(Polydesmida: Chelodesmidae). Zootaxa, 4434, 589-599.
https://doi.org/10.11646/zootaxa.4434.3.12

Bouzan, R.S., Iniesta, L.F.M., de Souza C.A.R., Zampaulo
R.A., Brescovit, A.D., 2019. Taxonomic review of the
Amazonian millipede genus Parastenonia Hoffman,
1977 and description of a new species from iron-
ore caves (Polydesmida: Chelodesmidae). Journal of
Natural History, 53, 2781-2799.
https://doi.org/10.1080/00222933.2020.1749956

Bouzan, R.S., Iniesta, L.F.M., Pena-Barbosa, J.P.P.,
Brescovit, A.D., 2018a. Annotated checklist of the
millipede family Chelodesmidae Cook, 1895 from Sao
Paulo state, Brazil (Diplopoda: Polydesmida). Papéis
Avulsos de Zoologia, 58, 1-19.
https://doi.org/10.11606/1807-0205/2018.58.06

Bouzan, R.S., Pena-Barbosa, J.P.P., Brescovit, A.D.,
2017. Taxonomic review of the genus Atlantodesmus
Hoffman, 2000 (Polydesmida: Chelodesmidae).
Zootaxa, 4236, 269-290.
https://doi.org/10.11646/zootaxa.4236.2.3

Brolemann, H.W., 1902. Myriapodes du Musée de Sao
Paulo. Revista Museu Paulista, 5, 35-237.

Brélemann, H.W., 1909. Os myriapodos do Brazil.
Catalogos da Fauna Brazileira, 2, 1-94.

Brélemann, H.W., 1929. Myriapodes recueillis aus Brésil
par M. le professeur Caullery, membre de l'institut.
Mémoires de la Société Zoologique de France, 29, 1-37.

Bryson-Jr, R., Prendini, L., Savary, W.E., Pearman,
P.B., 2014. Caves as microrefugia: Pleistocene
phylogeography of the troglophilic North American
scorpion Pseudouroctonus reddelli. BMC Ecology and
Evolution, 14(9), 1-16.
https://doi.org/10.1186/1471-2148-14-9

Bueno-Villegas, J., Sierwald, P., de Ascencdo, A.A.,
2019. Check list of the Venezuelan millipedes species.
Zootaxa, 4686, 151-201.
https://doi.org/10.11646/zootaxa.4686.2.1

Campanha, G.A.C., Basei, M.A.S., Tassinari, C.,
Nutman, A.P., Faleiros, F.M., 2008. Constraining the
age of Iporanga Formation with SHRIMP U-Pb zircon:
implications for possible Ediacaran glaciation in the
Ribeira Belt, SE Brazil. Gondwana Research, 13, 117-
125. https://doi.org/10.1016/j.gr.2007.05.010

Campanha, G.A.C., Sadowski, G.R., 1999. Tectonics of
the Southern Portion of the Ribeira Belt (Apiai Domain).
Precambrian Research, 98, 31-51.
https://doi.org/10.1016/S0301-9268(99)00027-3

Campanha, G.A.C., Warren, L., Boggiani, P.C,,
Grohmann, C.H., Caceres, A.A., 2010. Structural
analysis of the Itapucumi Group in the Vallemi region,
northern Paraguay: Evidence of a new Brasiliano/Pan-
African mobile belt. Journal of South American Earth
Sciences, 30, 1-11.
https://doi.org/10.1016/j.jsames.2010.04.001

Causey, N.B., 1966. The Millipeds in the caves of Mexico
and Guatemala. Bulletin Association for Mexican Cave
Studies Bulletin, 2(5), 124-125.

Ceuca, T., 1988. Sur quelques diplopodes de la Peninsule
Iberique et du nord de I’Afrique. Studia Universitatis
Babes-Bolyai, Seria Biologia, 33, 40-48.

Chagas-Jr, A., Edgecombe, G.D., Minelli, A., 2008.
Variability in trunk segmentation in the centipede
order Scolopendromorpha: a remarkable new species
of Scolopendropsis Brandt (Chilopoda: Scolopendridae)
from Brazil. Zootaxa, 1888, 36-46.
https://doi.org/10.11646/zootaxa.1888.1.2

Chakrabarty, P., Prejean, J.A., Niemiller, M.L., 2014.
The Hoosier cavefish, a new and endangered species
(Amblyopsidae, Amblyopsis) from the caves of southern
Indiana. ZooKeys, (412), 41.
https://doi.org/10.3897/zookeys.412.7245

Chamberlin, R.V., 1918. The Chilopoda and Diplopoda of
the West Indies. Bulletin of the Museum of Comparative
Zoology, 62, 151-262.

Chamberlin, R.V., 1922. Notes on West Indian millipeds.
Proceedings of the US National Museum, 61, 1-19
https://doi.org/10.5479/si.00963801.61-2431.1

Chamberlin, R.V., 1938. Diplopoda from Yucatan.
Publications of the Carnegie Institut, Washington, 491,
165-182.

Chamberlin, R.V., 1942. On centipedes and millipedes
from Mexican Caves. Bulletin of the University of Utah,
Biological series, 7, 3-19.

Chamberlin, R.V., 1952. Some American polydesmid
millipeds in the collection of the Chicago Museum
of Natural History. Annals of the the Entomological
Society of America, 45, 553-584.
https://doi.org/10.1093/aesa/45.4.553

Chamberlin, R.V., 1955. New millipeds from Peru and
adjacent parts. University of Utah, Biological Series 11,
1-47.

International Journal of Speleology, 51 (3), 235-248. Tampa, FL (USA) September 2022


https://doi.org/10.1186/1471-2148-14-9
https://doi.org/10.11646/zootaxa.4686.2.1
https://doi.org/10.1016/j.gr.2007.05.010
https://doi.org/10.1016/S0301-9268(99)00027-3
https://doi.org/10.1016/j.jsames.2010.04.001
https://doi.org/10.11646/zootaxa.1888.1.2
https://doi.org/10.3897/zookeys.412.7245
https://doi.org/10.5479/si.00963801.61-2431.1
https://doi.org/10.1093/aesa/45.4.553
https://doi.org/10.3897/zookeys.1097.83916
https://doi.org/10.1515/9783111430645
https://doi.org/10.1515/9783111609645
https://doi.org/10.11646/zootaxa.3709.5.2
https://doi.org/10.11646/zootaxa.4434.3.12
https://doi.org/10.1080/00222933.2020.1749956
https://doi.org/10.11606/1807-0205/2018.58.06
https://doi.org/10.11646/zootaxa.4236.2.3

244 Bouzan et al.

Chapman, P.J., 1980. The invertebrate fauna of caves
of the Serrania de San Luis, Edo. Falcon, Venezuela.
Transactions of the British Cave Research Association,
3, 179-199.

Christiansen, K.A., 1962. Proposition pour la classification
des animaux cavernicoles. Spelunca, 2, 75-78.

Cook, O.F., 1895. Introductory note on the families of
Diplopoda. In: Cook, O.F., Collins, G.N. (Eds.), The
Craspedosomatidae of North America. The Annals of
the New York Academy of Science, 9, 1-7.
https://doi.org/10.1111/j.1749-6632.1896.tb55430.x

Cook, O.F., 1896. A new diplopod fauna in Liberia.
American Naturalist, 30, 413-420.
https://doi.org/10.1086/276402

Cope, E.D., 1869. Synopsis of the extinct Mammalia
of the cave formation in the United States, with
observations on some Myriapoda in and near the same
etc. Proceedings of the American Philosophical Society,
11, 171-192.

Culver, D.C., Pipan, T., 2008. Superficial subterranean
habitats—gateway to the subterranean realm? Cave
and Karst Science, 35, 5-12.

Culver, D.C., Pipan, T., 2014. Shallow subterranean
habitats: ecology, evolution, and conservation. Oxford
University Press, New York, 258 p.
https://doi.org/10.1093/acprof:o
50/9780199646173.001.0001

Culver, D.C., Trontelj, P., Zagmajster, M., Pipan, T.,
2013. Paving the way for standardized and comparable
subterranean biodiversity studies. Subterranean
Biology, 10, 43-50.
https://doi.org/10.3897/subtbiol.10.4759

Deharveng, L., Christian, E., 1984. Gnathofolsomia
palpatan. g., n. sp., eine Isotomide mit abgewandelten
Mundwerkzeugen aus  Osterreichischen  Hollen
(Insecta, Collembola). Verhandlungen der Zoologisch-
Botanischen Gesellschaft in Osterreich, 122, 97-101.

Deli¢, T., Trontelj, P., RendoS, M., FiSer, C., 2017.
The importance of naming cryptic species and the
conservation of endemic subterranean amphipods.
Scientific Reports, 7(1), 1-12.
https://doi.org/10.1038/s41598-017-02938-z

DeSaussure, H.L.F., 1859. Note sur la famille des
Polydesmides, principalement au point de vue des
espéces américaines. Linnaea Entomologica, Zeitschrift
herausgegeben von dem entomologischen Vereine in
Stettin, 13, 318-327.

DeSaussure, H.L.F., 1860. Essai d’une faune des
Myriapodes du Mexique avec la description de quelques
espeéces des autres parties de I’Amérique. Mémoires
de la Société de Physiques et d’Histoire naturelle de
Genéve, 15, 1-135.

Enghoff, H., 1985. Modified mouthparts in hydrophilous
cave millipedes (Diplopoda). Bijdragen tot de Dierkunde,
55, 67-77.

Enghoff, H., 1993. Millipedes, caves, and islands.
Mémoires de Biospéologie, 20, 77-80.
https://doi.org/10.2307 /2845724

Enghoff, H., 2015. Diplopoda — Geographical distribution.
In: Minelli, A. (Ed.), The Myriapoda 2. Treatise on
Zoology — anatomy, taxonomy, biology. Leiden, Boston.
https://doi.org/10.1163/9789004188273 014

Fernandez-Acebo, V., 2014. El Karst de Miera: estudios,
patrimonio e inventario de las cavidades del Municipio
de Miera. Boletin cantabro de espeleologia, 10, 1-144.

Ferreira, R.L., Oliveira, M.P.A.D., Silva, M.S., 2018.
Subterranean biodiversity in ferruginous landscapes.
In Cave ecology. Springer, Cham, p. 435-447.
https://doi.org/10.1007/978-3-319-98852-8 21

Ferreira, R. L., Prous, X., de Oliveira Bernardi, L. F.,
Souza-Silva, M., 2010. Fauna subterranea do estado
do Rio Grande do Norte: caracterizacdo e impactos.
Revista Brasileira de Espeleologia, 1(1), 25-51.

Ferreira, R.L., Bernard, E., da Cruz Juanior, F.W., Pilo,
L.B., Calux, A., Souza-Silva, M. et al., 2022. Brazilian
cave heritage under siege. Science, 375, 1238-1239.
https://doi.org/10.1126/science.abo1973

Gallao, J.E., Bichuette, M.E., 2018. Brazilian obligatory
subterranean fauna and threats to the hypogean
environment. ZooKeys, 746, 1-23.
https://doi.org/10.3897/zookeys.746.15140

Gervais, P., Goudot, J., 1844. Communications
(Glomeridesmus etc; Description des Myriapodes
recueillis par Goudot en Colombie). Annales de la
société entomologique de France, Série 2, Bulletin
Section at end of Annales volume, 27-29.

Gilgado, J.D., Noriega, J.A., Enghoff, H., 2020. Description
of the female morphology of the relict troglobiont millipede
Cantabrodesmus lorioli Mauriés 1971 (Diplopoda,
Polydesmida, Chelodesmidae), and new records in the
deepest pit of Spain. Zootaxa, 4895, 421-430.
https://doi.org/10.11646/zootaxa.4895.3.7

Golovatch, S.I., Bouzan, R.S., Gallo, J.S., Bichuette,
M.E., 2022. A new genus and two new species of the
millipede family Chelodesmidae from Bahia state,
northeastern Brazil, including a likely troglobiont
(Dipolopoda, Polydesmida). Zootaxa, 1, 87-104
https://doi.org/10.11646/zootaxa.5155.1.4

Golovatch, S.I., Kime, R.D., 2009. Millipede (Diplopoda)
distributions: A review. Soil Organisms, 81, 565-597.

Golovatch, S.I., Mauriés, J.P., 2013. Los diplépodos
(Myriapoda, Diplopoda) subterraneos de Jaén. In: Pérez
Fernandez, T., Pérez Ruiz, A. (Eds.), Los invertebrados de
habitats subterraneos de Jaén. Grupo de Espeleologia
de Villacarrillo (G.E.V.), Jaén, p. 88-93.

Hal’kova, B., Tuf, I.H., Tajovsky, K., Mock, A., 2020.
Subterranean biodiversity and depth distribution of
myriapods in forested scree slopes of Central Europe.
ZooKeys, 930, 117-137.
https://doi.org/10.3897/zookeys.930.48914

Hijmans, R.J., Cruz, M., Rojas, E., Guarino, L., 2001.
DIVA-GIS, Version 1.4. A geographic information
system for the management and analysis of genetic
resources data. Manual, International Potato Center,
Lima, Peru.

Hoffman, R.L., 1959. Antrogonodesmus, anew chelodesmid
genus from Cuba, and a redescription of Amphelictogon
dolius Chamberlin (Polydesmida, Chelodesmidae).
Journal of the Washington Academy of Sciences, 49,
284-289.

Hoffman, R.L., 1969. Chelodesmid studies. IV. A
summary of the tribe Batodesmini, with the description
of a new species of Biporodesmus from northwestern
Brasil. Papéis avulsos de Zoologia, 22, 263-283.

Hoffman, R. L., 1971. Chelodesmid studies V. Some new,
redefined, and resurrected Brasilian genera. Arquivos
de Zoologia, 20, 225-277.
https://doi.org/10.11606/issn.2176-7793.
v20i4p225-277

Hoffman, R.L., 1975. Chelodesmid Studies VII. A
synopsis of the Lepturodesmini (Polydesmida). Studies
on the Neotropical Fauna, 10, 183-200.
https://doi.org/10.1080/01650527509360491

Hoffman, R.L., 1976. Chelodesmid studies. IX. A synopsis
of the new Brazilian tribe Arthrosolaenomeridini
(Diplopoda, Polydesmida). Papéis avulsos de Zoologia,
30, 171-183.
https://doi.org/10.1080/01650527509360491

International Journal of Speleology, 51 (3), 235-248. Tampa, FL (USA) September 2022


https://doi.org/10.1126/science.abo1973
https://doi.org/10.3897/zookeys.746.15140
https://doi.org/10.11646/zootaxa.4895.3.7
https://doi.org/10.11646/zootaxa.5155.1.4
https://doi.org/10.3897/zookeys.930.48914
https://doi.org/10.11606/issn.2176-7793.v20i4p225-277
https://doi.org/10.11606/issn.2176-7793.v20i4p225-277
https://doi.org/10.1080/01650527509360491
https://doi.org/10.1080/01650527509360491
https://doi.org/10.1111/j.1749-6632.1896.tb55430.x
https://doi.org/10.1086/276402
https://doi.org/10.1093/acprof:oso/9780199646173.001.0001
https://doi.org/10.1093/acprof:oso/9780199646173.001.0001
https://doi.org/10.3897/subtbiol.10.4759
https://doi.org/10.1038/s41598-017-02938-z
https://doi.org/10.2307/2845724
https://doi.org/10.1163/9789004188273_014
https://doi.org/10.1007/978-3-319-98852-8_21

Cave-dwelling Chelodesmidae 245

Hoffman, R.L., 1979. Chelodesmid studies. XIV. On the
systematic status of the genera Caraibodesmus and
Platyurodesmus, and the proposal of the new tribe
Caraibodesmini. Myriapodologica, 2, 9-18.

Hoffman, R.L., 1980. Classification of the Diplopoda.
Muséum D’Histoire Naturelle, Geneva, 237 p.

Hoffman, R.L., 1981. Chelodesmid studies. XIII. A
synopsis of the Brazilian tribe Strongylomorphini.
Studies on Neotropical Fauna and Environment, 16,
169-184.
https://doi.org/10.1080/01650528109360592

Hoffman, R.L., 1982. Chelodesmid studies. XVIII.
On some new or poorly-known taxa in the tribe
Batodesmini (Polydesmida: Chelodesmidae). Journal
of Natural History, 16, 633-654.
https://doi.org/10.1080/00222938200770481

Hoffman, R.L., 1990. Chelodesmid studies. XXII.
Synopsis of Tessarithys, a new genus of Brazilian
millipeds (Diplopoda: Chelodesmidae). Papéis Avulsos
de Zoologia, Sdo Paulo, 37, 159-166.

Hoffman, R.L., 2007. Replacement of the preoccupied
genericname ofa Neotropical milliped taxon (Polydesmida:
Chelodesmidae: Batodesmini). Myriapodologica, 9(1).

Hoffman, R.L., Lohmander, H., 1968. The Diplopoda
of Turkey. Mitteilungen aus dem Hamburgischen
zoologischen Museum und Institut, 65, 61-121.

Howarth, F.G., 1983. Ecology of cave arthropods. Annual
Reviews of Entomology, 28, 365-389.
https://doi.org/10.1146/annurev.
en.28.010183.002053

Huber, A.B., 2018. Cave-dwelling pholcid spiders
(Araneae, Pholcidae): a review. Subterranean Biology,
26, 1-18. https://doi.org/10.3897 /subtbiol.26.26430

Humbert, A., DeSaussure, H.L.F., 1869. Myriapodes
nova Americana. Revue et Magasin de Zoologie pure et
appliquée, 2(21), 149-159.
http:/ /www.biodiversitylibrary.org/
item/105279#page/155/mode/lup

Iniesta, L.F.M., Ferreira, R.L., 2013a. The first troglobitic
Pseudonannolene from Brazilian iron ore caves
(Spirostreptida: Pseudonannolenidae). Zootaxa, 3669(1),
85-95. https://doi.org/10.11646/zootaxa.3669.1.9

Iniesta, L.F.M., Ferreira, R.L., 2013b. Two new species
of Pseudonannolene Silvestri, 1895 from Brazilian
limestone caves (Spirostreptida: Pseudonannolenidae):
synotopy of a troglophilic and a troglobiotic species.
Zootaxa, 3702(4), 357-369.
https://doi.org/10.11646/zootaxa.3702.4.3

Iniesta, L.F.M., Ferreira, R.L., Wesener, T., 2012. The first
troglobitic Glomeridesmus from Brazil, and a template
for a modern taxonomic description of Glomeridesmida
(Diplopoda). Zootaxa, 3550, 26-42
https://doi.org/10.11646/zootaxa.3550.1.2

Jantarit, S., Satasook, C., Dehaverg, L., 2019. Coecobrya
sirindhornae sp. n., the most highly troglomorphic
Collembola in  Southeast Asia  (Collembola,
Entomobryidae). ZooKeys, 824, 21-44.
https://doi.org/10.3897 /zookeys.824.31635

Jeekel, C.A.W., 2009. Further records of Diplopoda
from the West Indian Region (coll. P.W. Hummelinck),
including observations on the rhinocricids of the
genus Anadenobolus on the Lesser Antilles. Myriapod
Memoranda, 11, 55-74.

Juberthie, C., Delay, B., Bouillon, M., 1980. Sur
l'existence d’un milieu souterrain superficiel en zone
non calcaire. Comptes Rendus de I’Académie des
Sciences Paris, 290, 49-52.

Karam-Gemael, M., Izzo, T.J., Chagas-Jr, A., 2018. Why
be red listed? Threatened Myriapoda species in Brazil

with implications for their conservation. ZooKeys, 741,
255-269. https://doi.org/10.3897/zookeys.741.21971
Labrada, L., Salgado, J.M., Luque, C.G., 2010. Fauna
invertebrada de las cavidades de Cantabria. Locustella,

Anuario de la Naturaleza de Cantabria, 7, 29-43.

Lewis, J.J., 2005. Six new species of Pseudotremia from
caves of the Tennessee Cumberland Plateau (Diplopoda:
Chordeumatida: Cleidogonidae). Zootaxa, 1080, 17-31.
https://doi.org/10.11646/zootaxa.1080.1.2

Liu, W., Golovatch, S.I., Wesener, T., Tian, M., 2017.
Convergent evolution of unique morphological adaptations
to a subterranean environment in cave Millipedes
(Diplopoda). PLoS ONE, 12(2), 1-20.
https://doi.org/10.1371/journal.pone.0170717

Lobo, H.A.S., 2015. Tourist carrying capacity of Santana
cave (PETAR-SP, Brazil): A new method based on a
critical atmospheric parameter. Tourism Management
Perspectives, 16, 67-75.
https://doi.org/10.1016/j.tmp.2015.07.001

Lobo, H.A.S., Boggiani, P.C., Perinotto, J.A.J., 2015.
Speleoclimate dynamics in Santana Cave (PETAR,
Sao Paulo State, Brazil): general characterization and
implications for tourist management. International
Journal of Speleology, 44(1), 61-73.
https://doi.org/10.5038/1827-806X.44.1.6

Lobo, H.A.S., Perinotto, J.A.J., Boggiani, P.C., 2014.
Monitoramento espeleoclimatico do trecho turistico
da caverna Santana (PETAR, SP). Mercator, Fortaleza,
13(2), 227-241.
https://doi.org/10.4215/RM2014.1302.0015

Loomis, H.F., 1938. New and noteworthy millipeds from
Cuba collected by Dr. P.J. Darlington in 1936. Bulletin
of the Museum of Comparative Zoology, 82, 427-481.

Loomis, H.F., 1964. The millipeds of Panama (Diplopoda).
Fieldiana, Zoology (N.S.), 47, 1-136.
https://doi.org/10.5962/bhl.title.3182

Loomis, H.F., 1968. A checklist of the millipeds of Mexico
and Central America. Bulletin of the United States
National Museum, 266, 1-137.
https://doi.org/10.5479/si.03629236.266

Loomis, H.F., 1969. Millipeds from Jamaican caves.
Florida Entomologist, 52, 141-145.
https://doi.org/10.2307 /3493848

Loomis, H.F., 1977. Three new millipeds from West
Indian caves. Florida Entomologist, 60, 21-25.
https://doi.org/10.2307 /3494479

Lucas, P.H., 1846. Note sur quelques nouvelless espéces
d’insectes qui habitent les possessions francaises du
nord de l’Afrique. Revue zoologique, par la Société
Cuvierienne, 9, 283-289.

Luque, C. G., Labrada, L., 2017. Nuevas localizaciones
de la especie Cantabrodesmus lorioli Mauries, 1971
en Cantabria, Espana (Polydesmida, Diplopoda,
Chelodesmidae). Boletin de la Real Sociedad Espafiola
de Historia Natural, Seccién Biolégica, 111, 51-60.

Malcicka, M., Berg, M.P., Ellers, J., 2017.
Ecomorphological adaptations in Collembola in relation
to feeding strategies and microhabitat. European
Journal of Soil Biology, 78, 82-91.
https://doi.org/10.1016/j.ejsobi.2016.12.004

Martin, J.L., Garcia, H., Oromi, Y.P., 2001. Classification
of terrestrial subterranean fauna of volcanic substrates
in the Canary Islands. International Journal of
Speleology, 30(1), 15-26.
https://doi.org/10.5038/1827-806X.30.1.2

Mauries, J.-P., 1971. Diplopodes épigés et cavernicoles
des Pyrénées Espagnoles et des Monts Cantabriques. VI.
Polydesmides. Bulletin de la Société d'histoire naturelle de
Toulouse, 107, 117-124.

International Journal of Speleology, 51 (3), 235-248. Tampa, FL (USA) September 2022


https://doi.org/10.3897/zookeys.741.21971
https://doi.org/10.11646/zootaxa.1080.1.2
https://doi.org/10.1371/journal.pone.0170717
https://doi.org/10.1016/j.tmp.2015.07.001
https://doi.org/10.5038/1827-806X.44.1.6
https://doi.org/10.4215/RM2014.1302.0015
https://doi.org/10.5962/bhl.title.3182
https://doi.org/10.5479/si.03629236.266
https://doi.org/10.2307/3493848
https://doi.org/10.2307/3494479
https://doi.org/10.1016/j.ejsobi.2016.12.004
https://doi.org/10.5038/1827-806X.30.1.2
https://doi.org/10.1080/01650528109360592
https://doi.org/10.1080/00222938200770481
https://doi.org/10.1146/annurev.en.28.010183.002053
https://doi.org/10.1146/annurev.en.28.010183.002053
http://www.biodiversitylibrary.org/item/105279#page/155/mode/1up
http://www.biodiversitylibrary.org/item/105279#page/155/mode/1up
https://doi.org/10.11646/zootaxa.3669.1.9
https://doi.org/10.11646/zootaxa.3702.4.3
https://doi.org/10.11646/zootaxa.3550.1.2
https://doi.org/10.3897/zookeys.824.31635

246 Bouzan et al.

Mauriés, J.-P., 1974. Un cambalide cavernicole du
Brésil, Pseudonannolene strinatii n. sp. Revue suisse
de zoologie, 81, 545-550.
https://doi.org/10.5962/bhl.part.146025

Mauries, J.-P., 1978. Myriapodes du sud de I’'Espagne.
Annalen Naturhistorisches Museum Wien, 81, 575-588.

Mauries, J.-P., 2013. Three new species of cavernicolous
millipedesfrom Andalusia, Spain (Diplopoda: Polydesmida:
Polydesmidae; Chordeumatida: Vandeleumatidae,
Opisthocheiridae). Arthropoda Selecta, 22, 97-112.
https://doi.org/10.15298 /arthsel.22.2.01

Mauriés, J.-P., Geoffroy, J.-J., 2000. Nouvelle description,
classification, répartition et variations morphologiques
interpopulations d'un diplopode troglobie du sud-est
du Brésil (Diplopoda, Polydesmida, Chelodesmidae).
Zoosystema, 22, 153-168.

Mauriés, J.-P., Golovatch, S.I., Hoffman R.L., 2006.
Review of the millipede genus Macellolophus Attems,
1940 (Diplopoda: Polydesmida: Xystodesmidae).
Arthropoda Selecta, 15, 19-21.

Maurieés, J.-P., Vicente, Y.M.C., 1977. Diplépodos
cavernicolas nuevos y poco conocidos de Espana,
recolectados por A. Lagar. Descripcion de tres géneros
nuevos. Miscelanea Zoologica, 4, 109-134.

Mendes, I.S., Prosdocimi, F., Schomaker-Bastos, A.,
Furtado, C., Ferreira, R.L., Santos Pompeu, P.,
Carvalho, D.C., 2019. On the evolutionary origin
of Neotropical cavefish Ancistrus cryptophthalmus
(Siluriformes, Loricariidae) based on the mitogenome
and genetic structure of cave and surface populations.
Hydrobiologia, 842(1), 157-171.
https://doi.org/10.1007/s10750-019-04033-y

Minelli, A., Chagas-Jr, A., Edgecombe, G.D., 2009.
Saltational evolution of trunk segment number in
centipedes. Evolution and Development, 11, 318-322.

Moseley, M., 2006. Millipede (Diplopoda) fauna of the
Dark Cave (Gua Gelap), Batu Caves, Selangor, Malaysia:
species composition and ecological observations. Cave
and Karst Science, 33, 5-8.

Nicholas, G., 1962. Checklist of troglobitic organisms
of Middle America. American Midland Naturalist, 68,
165-188. https://doi.org/10.2307 /2422643

Niemiller, M.L., Graening, G.O., Fenolio, D.B., Godwin,
J.C., Cooley, J.R., Pearson, W.D. et al., 2013. Doomed
before they are described? The need for conservation
assessments of cryptic species complexes using an
amblyopsid cavefish (Amblyopsidae: Typhlichthys) as
a case study. Biodiversity and Conservation, 22(8),
1799-1820.
https://doi.org/10.1007/s10531-013-0514-4

Niemiller, M.L., Zigler, K.S., Ober, K.A., Carter, E.T.,
Engel, A.S., Moni, G., Philips, T.K., Stephen, D.R., 2017.
Rediscovery and conservation status of six short-range
endemic Pseudanophthalmus cave beetles (Carabidae:
Trechini). Insect Conservation and Diversity, 10, 495-
501. https://doi.org/10.1111/icad.12263

Ortuno, V.M., Gilgado, J.D., 2010. Update on the Ibero-
Balearic hypogean Carabidae (Coleoptera): Faunistics,
biology and distribution. Entomologische Blatter, 106,
233-264.

Palheta, J.M., Silva, C.N., Neto, A.O., Nascimento, F.R.D.,
2017. Conflicts over the use of territory in mineral
Amazon. Mercator, Fortaleza, 16, 1-18.
https://doi.org/10.4215/rm2017.e16023

Pena-Barbosa, J.P.P., Sierwald, P., Brescovit, A.D.,
2013. On the largest chelodesmid millipedes:
taxonomic review and cladistic analysis of the genus
Odontopeltis Pocock, 1894 (Diplopoda; Polydesmida;
Chelodesmidae). Zoological Journal of the Linnean

Society, 169, 737-764.
https://doi.org/10.1111/20j.12086

Pérez-Asso, A.R., 1990. Nuevo género y especie de milpiés
(Diplopoda; Polydesmida: Chelodesmidae) de Cuba.
Revista Biologia, Havana, Cuba, 4, 65-70.

Pérez-Asso, A.R., 1995. A new milliped genus of the
family Chelodesmidae (Diplopoda: Polydesmida) from
Cuba. Insecta Mundi, 9, 171-176.

Pérez-Asso, A.R., 1996. Revision del género Amphelictogon
(Diplopoda: Polydesmida: Chelodesmidae) en Cuba.
Insecta Mundi, 10, 181-216.

Pérez-Asso, A.R., 2002. Cylindromus, un nuevo
nombre sinénimo del género Ricodesmus (Diplopoda:
Polydesmida: Chelodesmidae). Solenodon, 2, 27-30.

Perreau, M., Paviéevi¢, D., 2008. The genus Hadesia
Muller, 1911 and the phylogeny of Anthroherponina
(Coleoptera, Leiodidae, Cholevinae, Leptodirini).
Advances in the studies of the fauna of the Balkan
Peninsula. Papers dedicated to the memory of Guido
Nonveiller. Institute for Nature Conservation of Serbia,
Monographs, 22, 215-239.

Pinto-da-Rocha, R., 1995. Sinopse da fauna cavernicola
do Brasil (1907-1994). Papéis avulsos de Zoologia, 39,
61-173.

Pocock, R.I., 1893. Contributions to our knowledge of the
arthropod fauna of the West Indies. Part III. Diplopoda
and Malacopoda, with a supplement on the Arachnida
of the class Pedipalpi. Journal of the Linnean Society
of London (Zoology), 24, 473-544.
https://doi.org/10.1111/j.1096-3642.1894.tb02494 .x

Protas, M.E., Trontelj, P., Patel, N.H., 2011. Genetic basis
of eye and pigment loss in the cave crustacean, Asellus
aquaticus. Proceedings of the National Academy of
Sciences, USA, 108(14), 5702-5707.
https://doi.org/10.1073/pnas.1013850108

Protas, M., Jeffery, W.R., 2012. Evolution and development
in cave animals: from fish to crustaceans. Wiley
Interdisciplinary Reviews. Development Biology, 1(6),
823-845. https://doi.org/10.1002 /wdev.61

Prous, X., Ferreira, R.L., Jacobi, C.M., 2015. The
entrance as a complex ecotone in a Neotropical cave.
International Journal of Speleology, 44(2), 177-189.
https://doi.org/10.5038/1827-806X.44.2.7

Prous, X., Ferreira, R.L., Martins, R.P., 2004. Ecotone
delimitation: Epigean-hypogean transition in cave
ecosystems. Austral Ecology, 29(4), 374-382.
https://doi.org/10.1111/j.1442-9993.2004.01373.x

Reddell, J.R., 1981., A review of the cavernicole fauna
of Mexico, Guatemala, and Belize. Texas Memorial
Museum, Bulletin, 27, 1-327.

Romero, A., 2009. Cave biology, life in darkness.
Cambridge University Press, Cambridge, 291 p.
https://doi.org/10.1017/CB0O9780511596841

Sanchez-Fernandez, D., Rizzo, V., Cieslak, A., Faille,
A., Fresneda, J., Ribera, 1., 2016. Thermal niche
estimators and the capability of poor dispersal species
to cope with climate change. Scientific Reports, 17(6),
23381. https://doi.org/10.1038/srep23381

Schubart, 0., 1943. Espécies novas das familias
Strongylosmidae e Leptodesmidae da ordem
Proterospermophora do interior dos estados de
Sao Paulo e de Mato-Grosso. Papéis avulsos do
Departamento de zoologia, 3, 127-164.

Schubart, O., 1946a. Primeira contribuicao soébre os
Diplépodos cavernicolas do Brasil. Livro de homenagem
a R. F. d'Almeida, 37, 307-313.

Schubart, O., 1946b. Contribuicdo ao conhecimento do
género Leptodesmus (Familia Leptodesmidae, Diplopoda).
Anais da Academia Brasileira de Ciéncias, 18, 165-202.

International Journal of Speleology, 51 (3), 235-248. Tampa, FL (USA) September 2022


https://doi.org/10.1111/zoj.12086
https://doi.org/10.1111/j.1096-3642.1894.tb02494.x
https://doi.org/10.1073/pnas.1013850108
https://doi.org/10.1002/wdev.61
https://doi.org/10.5038/1827-806X.44.2.7
https://doi.org/10.1111/j.1442-9993.2004.01373.x
https://doi.org/10.1017/CBO9780511596841
https://doi.org/10.1038/srep23381
https://doi.org/10.5962/bhl.part.146025
https://doi.org/10.15298/arthsel.22.2.01
https://doi.org/10.1007/s10750-019-04033-y
https://doi.org/10.2307/2422643
https://doi.org/10.1007/s10531-013-0514-4
https://doi.org/10.1111/icad.12263
https://doi.org/10.4215/rm2017.e16023

Cave-dwelling Chelodesmidae 247

Schubart, O., 1947. Os Diplopodos da viagem do
naturalista Antenor Leitdo de Carvalho aos rios
Araguaia e Amazonas em 1939 e 1940. Boletim do
Museu Nacional do Rio de Janeiro, Zoologia, 82, 1-74.

Schubart, O., 1952. “Leptodesmidae” Brasileiras. I:
Trés géneros novos, "Goyazodesmus", "Rupidesmus" e
"Thaumatodesmus". Revista Brasileira de Biologia, 12,
447-454.

Schubart, O., 1954. Sobre os Diplopoda dos estados
do Parana e Santa Catarina. I. Proterospermophora.
Arquivos do Museu Paranaense, 10, 77-132.

Schubart, O., 1955. Materiais para uma fauna do estado
de Sao Paulo: Os Leptodesmidae. Arquivos do Museu
Nacional, 42(2), 507-540.

Schubart, O., 1956. “Leptodesmidae” Brasileiras.
IIl: Espécies de Minas Gerais (Diplopoda,
Proterospermophora). Revista Brasileira de Biologia,
16, 355-367.

Schubart, O., 1960. Leptodesmidae Brasileiras. VII: Espécies
do Triangulo Mineiro (Diplopoda, Proterospermophora).
Revista Brasileira de Biologia, 20, 439-445.

Shear, W.A., 1973. Millipeds (Diplopoda) from Mexican
and Guatemalan caves. Accademia, Nazionale dei
Lincei, Problemi Attuali di Scienza e di Cultura, 171(2),
239-305.

Shear, W.A., 1977. Millipeds (Diplopoda) from caves in
Mexico, Belize and Guatemala. Accademia, Nazionale
dei Lincei, Problemi Attuali di Scienza e di Cultura,
171(3), 235-265.

Shear, W.A., 1986. Millipeds from caves in Mexico and
CentralAmerica.V.Newspeciesandrecordsof Glomeridae,
Trichopetalidae, Cleidogonidae, Fuhrmannodesmidae,
Cryptodesmidae, Cambalidae, Typhlobolellidae,
Rhachodesmidae, and Sphaeriodesmidae. Texas
Memorial Museum, Speleological Monographs, 1, 63-86.

Shear, W.A., 2007. Cave millipedes of the United
States. V. The genus Idagona Buckett & Gardner
(Chordeumatida, Conotylidae, Idagoninae). Zootaxa,
1463, 1-12.
https://doi.org/10.11646/zootaxa.1463.1.1

Shear, W.A., 2008a. Cave millipeds of the United States.
VI. Sequoiadesmus krejcae, n. gen., n. sp., from
Sequoia and Kings Canyon National Parks, California,
USA (Diplopoda, Polydesmida, Polydesmidea,
Macrosternodesmidae). Zootaxa, 1693, 41-48.
https://doi.org/10.11646/zootaxa.1693.1.3

Shear, W.A., 2008b. Cave millipeds of the United States.
VII. New species and records of the genus Pseudotremia
Cope. I. Species from West Virginia, USA (Diplopoda,
Chordeumatida, Cleidogonidae). Zootaxa, 1764, 53-65.
https://doi.org/10.11646/zootaxa.1764.1.5

Shear, W.A., 2010. The millipede family Trichopetalidae,
Part 2: The genera Trichopetalum, Zygonopus and
Scoterpes (Diplopoda: Chordeumatida, Cleidogonoidea).
Zootaxa, 2385, 1-62.
https://doi.org/10.11646/zootaxa.2385.1.1

Shear, W.A., 2011. Cave millipeds of the United States.
XI. Opiona graeningi, n. sp., a troglomorphic caseyid
millipede from Siskiyou County, California, with
comments on the genus Opiona Chamberlin 1951
(Diplopoda, Chordeumatida, Caseyidae). Zootaxa, 3114,
50-56. https://doi.org/10.11646/zootaxa.3114.1.5

Shear, W.A., Ferreira, R.L., Iniesta, L.F.M., Marek,
P., 2016. A millipede missing link: Dobrodesmidae,
a remarkable new polydesmidan millipede family
from Brazil with supernumerary rings (Diplopoda,
Polydesmida), and the establishment of a new suborder
Dobrodesmidea. Zootaxa, 4178, 371-390.
https://doi.org/10.11646/zootaxa.4178.3.4

Shear, W.A., Taylor S.J., Wynne, J.J., Krejca, J.K., 2009.
Cave millipeds of the United States. VIII. New genera
and species of polydesmidan millipeds from caves in the
southwestern United States (Diplopoda, Polydesmida,
Macrosternodesmidae). Zootaxa, 2151, 47-65.

Shelley, R.M., Smith, J.M., 2018. Expanded concept
and revised taxonomy of the millipede family
Xystodesmidae Cook, 1895 (Polydesmida: Leptodesmidea:
Xystodesmoidea): incorporations of Euryuridae Pocock,
1909 and Eurymerodesmidae Causey, 1951, taxon
revivals/proposals/transferrals, and a distributional
update. Insecta Mundi, 0660, 1-41.

Silvestri, F., 1895. Chilopodi e diplopodi raccolti dal
capitano G. Bove e dal Prof. L. Balzan nell’America
meridionale. Annali del Museo civico di storia natural
de Genova, serie 2, 14, 764-783.

Silvestri, F., 1896. Chilopodi e Diplopodi raccolti dal Dott.
E. Festa a La Guayra, nel Darien e a Cuenca. Bollettino
del musei di zoologia e di anatomia comparata della
Reale Universita di Torino, 11, 1-6.

Silvestri, F., 1897. Viaggio del Dr. Enrico Festa
nell'Ecuador e regioni vicine. V. Chilopodi e Diplopodi.
Bollettino del musei di zoologia e di anatomia comparata
della Reale Universita di Torino, 12, 1-19.
https://doi.org/10.5962/bhl.part.4563

Silvestri, F., 1898. Diagnésticos de nuevos Diplépodos
Sudamericanos. Anales del Museo Nacional de historia
natural de Buenos Aires, 6, 53-79.

Simées, M.H., Souza-Silva, M., Ferreira, R.L., 2015.
Cave physical attributes influencing the structure of
terrestrial invertebrate communities in Neotropics.
Subterranean Biology, 16, 103-121.
https://doi.org/10.3897 /subtbiol.16.5470

Sket, B.,2008. Can we agree on an ecological classification
of subterranean animals? Journal of Natural History,
42, 1549-1563.
https://doi.org/10.1080/00222930801995762

Souza, M.F.V.R., Alvarenga, D.A., Souza-Silva, M.,
Ferreira, R.L., 2021. Do different relevance attributes
indicate the same conservation priorities? A case study
in caves of southeastern Brazil. International Journal
of Speleology, 50(3), 223-238.
https://doi.org/10.5038/1827-806X.50.3.2350

Souza-Silva, M., Ferreira, R.L., 2016. The first two
hotspots of subterranean biodiversity in South
America. Subterranean Biology, 19, 1-21.
https://doi.org/10.3897 /subtbiol.19.8207

Souza-Silva, M., Cerqueira, R.F.V., Pellegrini, T.G.,
Ferreira, R.L., 2021. Habitat selection of cave-restricted
fauna in a new hotspot of subterranean biodiversity
in Neotropics. Biodiversity and Conservation, 30(14),
4223-4250.
https://doi.org/10.1007/s10531-021-02302-8

Souza-Silva, M., Iniesta, L.F.M., Ferreira, R.L., 2020.
Invertebrates diversity in mountain Neotropical
quartzite caves: which factors can influence the
composition, richness, and distribution of the cave
communities?. Subterranean Biology, 33, 23-43.
https://doi.org/10.3897 /subtbiol.33.46444

Thompson, M.V.F., Moracchioli, N., 1996. Population
ecology of Chelodesmus yporangae (Schubart,
1946) (Diplopoda: Polydesmida: Chelodesmidae), a
cavernicolous millipede from Southeastern Brazil.
Mémoires de biospéologie, 23, 249-154.

Trajano, E., 1987. Fauna cavernicola brasileira: composicao
c caracterizacdo preliminar. Revista Brasileira de
Zoologia, 3, 533-561.
https://doi.org/10.1590/S0101-81751986000400004

Trajano, E., 2012. Ecological classification of subterranean

International Journal of Speleology, 51 (3), 235-248. Tampa, FL (USA) September 2022


https://doi.org/10.5962/bhl.part.4563
https://doi.org/10.3897/subtbiol.16.5470
https://doi.org/10.1080/00222930801995762
https://doi.org/10.5038/1827-806X.50.3.2350
https://doi.org/10.3897/subtbiol.19.8207
https://doi.org/10.1007/s10531-021-02302-8
https://doi.org/10.3897/subtbiol.33.46444
https://doi.org/10.1590/S0101-81751986000400004 
https://doi.org/10.11646/zootaxa.1463.1.1
https://doi.org/10.11646/zootaxa.1693.1.3
https://doi.org/10.11646/zootaxa.1764.1.5
https://doi.org/10.11646/zootaxa.2385.1.1
https://doi.org/10.11646/zootaxa.3114.1.5
https://doi.org/10.11646/zootaxa.4178.3.4

248 Bouzan et al.

organisms. In: White, W.B., Culver, D.C. (Eds.),
Encyclopedia of caves. Academic Press, Amsterdam,
p. 275-277.

https://doi.org/10.1016/B978-0-12-383832-2.00035-9

Trajano, E., Bichuette, M.E., 2010. Diversity of Brazilian
subterranean invertebrates, with a list of troglomorphic
taxa. Subterranean Biology, 7, 1-16.

Trajano, E., Golovatch, S.I., Geoffroy, J.J., Pinto-da-
Rocha, R., Fontanetti, C.S., 2000. Synopsis of Brazilian
cave-dwelling millipedes (Diplopoda). Papéis avulsos
de Zoologia, 41, 259-287.

Verhoeff, K.W., 1931. Chilognathen aus den Bergamasker
Alpen und Nachbargebieten; auch Uuber zwei neue
Gattungen der Polydesmoidea aus Spanien und Japan.
121. Diplopoden-Aufsatz. Zoologische Jahrbticher,

Abteilung fiir Systematik, Okologie und Geographie
der Tiere, 61, 397-452.

Vicente, M.C., 1988. Sinonimia entre las dos especies
ibéricas del género Macellolophus Attems, 1940
(Diplopoda, Polydesmida, Xystodesmidae). Orsis, 3,
173-181.

Wong, M.K.L., Guénard, B., 2017. Subterranean ants:
summary and perspectives on field sampling methods,
with notes on diversity and ecology (Hymenoptera:
Formicidae). Myrmecological News, 15, 1-16.

Wynne, J.J., Howarth, F.G., Sommer, S., Dickson,
B.G., 2019. Fifty years of cave arthropod sampling:
techniques and best practices. International Journal
of Speleology, 48(1), 33-48.
https://doi.org/10.5038/1827-806X.48.1.2231

International Journal of Speleology, 51 (3), 235-248. Tampa, FL (USA) September 2022


https://doi.org/10.5038/1827-806X.48.1.2231
https://doi.org/10.1016/B978-0-12-383832-2.00035-9

