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On the paradoxosomatid collection in the Field Museum of 
Natural History: Dragon millipedes from Laos (Polydesmida: 
Paradoxosomatidae: Hylomus)

Anh D. Nguyen1,* & Petra Sierwald2

Abstract. A new dragon millipede species, Hylomus laos, new species is described based on specimens deposited 
in the Field Museum of Natural History. The new species can be distinguished from congeners by having antler-
shaped paraterga; midbody metaterga with two rows of 2+2 spines in anterior row and 3+3 spines in posterior 
row; male femora 6 and 7 each with a large ventral tubercle; sternite 5 with a large, sparsely setose trapeziform 
lamina between male coxae 4; unmodified epiproct; lamina lateralis of gonopod solenophore broadly rounded, 
partly folded to sheath distal part of solenomere. Additional specimens of Hylomus rhinoceros are reported and a 
key to all dragon millipede species in Laos is provided.
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INTRODUCTION

The dragon millipedes were previously known for two 
genera in subfamily Paradoxosomatinae, Desmoxytes 
Chamberlin, 1923 and the monotypic Desmoxytoides 
Mesibov, 2006, which the latter was subsequently moved 
to subfamily Australiosomatinae (Golovatch et al., 2012: 
1). Desmoxytoides is known only from Australia while the 
former is widely distributed in southern China, Vietnam, 
Laos, Myanmar, Thailand, and Malaysia (Nguyen & 
Sierwald, 2013). Recently, the genus Desmoxytes sensu 
Golovatch & Enghoff, 1994 was revised and split into 
five genera (Srisonchai et al., 2018a, b, c, d). Most of the 
species previously assigned to Desmoxytes are placed into 
the revalidated genus Hylomus Cook & Loomis, 1924 
(Srisonchai et al., 2018a). Three genera were just proposed, 
namely Nagaxytes Srisonchai, Enghoff & Panha, 2018 in 
Srisonchai, Enghoff, Likhitrakarn & Panha, 2018b, Gigaxytes 
Srisonchai, Enghoff & Panha, 2018 in Srisonchai, Enghoff, 
Likhitrakarn & Panha, 2018c, and Spinaxytes Srisonchai, 
Enghoff & Panha, 2018 in Srisonchai, Enghoff, Likhitrakarn 
& Panha, 2018d; all three are known from Thailand and 
Malay Peninsula. The genus Hylomus currently consists 
of 33 species distributed in Southern China (19 species), 
Vietnam (10 species), Laos (three species) and Thailand (one 
species) (Srisonchai et al., 2018a; Sierwald & Spelda, 2018).

The millipede fauna of Laos is still poorly known with 
34 recorded species in 20 genera, 13 families, 7 orders 
(Likhitrakarn et al., 2014a). However, more species diversity 
is expected to occur in this country due to the tropical 
location, and its diverse mountainous habitats as well as 
landscapes. Many new species were just recently described 
from Laos (Likhitrakarn et al., 2014b, 2015a, b; Golovatch 
et al., 2016; Liu et al., 2017). While working in the Field 
Museum of Natural History, we found several specimens 
of a new species of dragon millipede genus Hylomus (see 
Srisonchai et al., 2018a, although trivial names normally 
do not fall under the ICZN), which is the subject of the 
present study.

MATERIAL AND METHODS

The materials were collected from Laos by M. Thayer and 
her colleagues during the field expedition in 2008. The 
specimens are currently housed in the Field Museum of 
Natural History (FMNH).

Images at various focal planes were taken using a Microptics 
imaging system with a Nikon D5100 under normal and 
Ultraviolet (UV) light (Sierwald et al., in press) for a detailed 
description of the UV imaging technique. Multiple images 
are managed in Adobe Lightroom. The stacking software 
(Helicon Focus ver. 6.0) was used to integrate the images. 
Images were grouped into plates using Adobe Photoshop 
ver. 6.0. Gonopods were observed under stereo microscope. 
Gonopod for scanning electron micrographs was dissected, 
mounted on aluminium stub and coated with gold, then 
studied by SEM (Zeiss Evo 60 LEO).

Taxonomy & Systematics
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Fig. 1. Hylomus rhinoceros (Likhitrakarn, Golovatch & Panha, 2014), FMNH–INS 2858163. A, anterior part of male, dorsal view; B, 
sternum 5, ventral view; C, anterior part of female, dorsal view; D, lateral view. Scale bar = 1 mm.

Fig. 2. Hylomus rhinoceros (Likhitrakarn, Golovatch & Panha, 2014), FMNH–INS 2858164. A, male body rings 11–13, dorsal view; B, 
Male body rings 12–13, dorsal view; C, male body rings 11–13, lateral view; D, telson, ventral view. Scale bar = 1 mm.
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Morphological terminology follows Nguyen et al. (2005), 
Golovatch et al. (2012), Liu et al. (2014, 2016), Likhitrakarn 
et al. (2015b).

TAXONOMY

Order Polydesmida Pocock, 1887

Suborder Strongylosomatidea Brölemann, 1916

Family Paradoxosomatidae Daday, 1889

Subfamily Paradoxosomatinae Daday, 1889

Tribe Orthomorphini Brölemann, 1916

The most members of the family Paradoxosomatidae 
can easily be distinguished by the distinct morphological 
characters, some tribes and somegenera in this extremely 
species-rich polydesmid group might not be characterised 
based on a combination of morphological characters. 
Srisonchai et al. (2018a) proposed to split the genus 
Desmoxytes in its traditional sense into several genera and 
reinstated the genus Hylomus. The genus Hylomus, however, 
still exhibits diverse morphological characteristics.

Fig. 3. Hylomus rhinoceros (Likhitrakarn, Golovatch & Panha, 2014), FMNH–INS 2858164. A, telson, lateral view; B, dorsal view; C, 
gonopods in situ, ventral view, light photo; D, uv photo. Scale bar: A, B = 1 mm; C, D = 0.5 mm.

Genus Hylomus Cook & Loomis, 1924

Hylomus Cook & Loomis, 1924: 105; Attems, 1937: 126; Srisonchai 
et al., 2018a: 15; Sierwald & Spelda, 2018: Millibase online.

Type species. Hylomus draco Cook & Loomis, 1924, by 
original designation.

Remarks. The genus, as currently constituted, is widely 
distributed in southern China and Vietnam. Several species 
are found in Laos and Thailand.

Hylomus rhinoceros (Likhitrakarn, Golovatch & 
Panha, 2015)

(Figs. 1–4)

Desmoxytes rhinoceros Likhitrakarn, Golovatch & Panha, 2015b: 
486, figs. 1A, B & 2–4.

Hylomus rhinoceros: Srisonchai et al., 2018a: 11 (transferred to 
Hylomus).

Material examined. 1 male, 2 females (FMNH-INS 
3716298), LAOS, Champasak Prov., Bolaven Plateau, 
Ban Thongvay [=Xekatam], vic. old logging road, N of 
village, 1,170 m, 15°14.494′N–106°31.807′E, selectively 
logged forest, FMHD#2008–040, flight intercept trap, 
coll. A Newton & M. Thayer, ANMT site 1232, 8–16 
June 2008; 1 male, 2 females (FMNH-INS 3716301), 
LAOS, Champasak Prov., Bolaven Plateau, Ban Thongvay 
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Fig. 4. Hylomus rhinoceros (Likhitrakarn, Golovatch & Panha, 2014), FMNH–INS 2858163. A, right gonopod, mesal view; B, subdorsal 
view; C, ventral view; D, distal part of right gonopod, mesal view; E, ventral view. Scale bar = 200 µm.
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[=Xekatam], vic. old logging road, N of village, 1,095 
m, 15°14.288′N–106°31.891′E, selectively logged forest, 
FMHD#2008–037, flight intercept trap, coll. A Newton & 
M. Thayer, ANMT site 1231, 8–16 June 2008; 3 females 
(FMNH-INS 072 850), LAOS, Champasak Prov., Bolaven 
Plateau, Ban Thongvay [=Xekatam], vic. old logging road, N 
of village, 1,095 m, 15°14.288′N–106°31.891′E, selectively 
logged forest, FMHD#2008–039, dung trap (human), coll. 
A. Solodovnikov, M. Thayer & A Newton, ANMT site 
1231, 8–16 June 2008.

Descriptive notes. Likhitrakarn et al. (2015b) described 
the collum of this species with three transverse rows of 
setiferous spines: 3+3 anterior, 3+3 intermediate and 1+1 
posterior (totally 16 spines). In fact, their images (Likhitrakarn 
et al., 2015b: fig. 2A) and our material clearly show the 
collum with 14 spines in total, arranged in three transverse 
rows: 3+3 anterior spines, 2+2 intermediate spines and 2+2 
posterior spines.

Remarks. This species was originally described as 
Desmoxytes rhinoceros, but it was recently assigned to the 
re-validated genus Hylomus by Srisonchai et al. (2018a). 
The additional specimens examined here fall well within the 
originally reported distribution of this species in southern 
Laos (Champasak and Sekong provinces).

Hylomus laos, new species
(Figs. 5–8)

Material examined. Holotype: male (FMNH-INS 3716300, 
14.7 mm), LAOS, Champasak Prov., Bolaven Plateau, Ban 
Thongvay [=Xekatam], vic. old logging road, N of village, 
1,095 m, 15°14.288′N–106°31.891′E, selectively logged 
forest, FMHD#2008–037, flight intercept trap, coll. A 
Newton & M. Thayer, ANMT site 1231, 8–16 June 2008. 
Paratypes: 1 male, 1 female (FMNH-INS 3716300) same 
data as for holotype.

Other material: two male fragments (FMNH-INS 3716299), 
LAOS, Champasak Prov., Bolaven Plateau, Ban Thongvay 
[=Xekatam], vic. old logging road, N of village, 1,170 
m, 15°14.494′N–106°31.807′E, selectively logged forest, 
FMHD#2008–040, flight intercept trap, coll. A Newton & 
M. Thayer, ANMT site 1232, 8–16 June 2008.

Diagnosis. The species can be recognised by antler-shaped 
paraterga, midbody metaterga with two rows of 2+2 anterior 
spines and 3+3 posterior spines, male femora 5 and 6 
with big tubercles ventrally, male sternite 5 with a large, 
sparsely setose trapeziform lamina between coxae 4, epiproct 
unmodified, gonopod lamina lateralis broadly rounded, partly 
folded to sheath distal part of solenomere.

Fig. 5. Hylomus laos, new species. Holotype. A, anterior part, dorsal view; B, lateral view; C, head, anterior view; D, body rings 8–10, 
dorsal view. Scale bar = 1 mm.
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Fig. 6. Hylomus laos, new species. Holotype. A, posterior part, dorsal view; B, lateral view; C, ventral view; D, leg femora 6–7. Scale 
bar = 1mm.

The new species is morphologically similar to Hylomus 
rhinoparvus in which they share antler-shaped paraterga, but 
differs by the presence of metatergal spines in a posterior 
row. In addition, the lamina medialis of the gonopod carries 
a serrated process in the middle and the broadly rounded 
lamina lateralis is large.

Etymology. Named after the type country, Lao People’s 
Democratic Republic “Laos”, a noun in apposition.

Description. Holotype length 14.7 mm, width of mid pro- 
and metazona 0.9 mm and 2.5 mm (distance between two 
paratergal tips), respectively. Female length 19.3 mm, width 
of mid pro- and metazona 1.7 mm and 2.8 mm, respectively.

Colouration generally reddish to darkish brown (except 
whitish yellow at base of paraterga, sterna, leg coxae, and 
prefemora.

Head (Fig. 5A–C) clypeolabral region densely setose, vertex 
sparsely setose. Epicranial suture clearly distinct, divided 
frons into two equal parts; 2+2 setae along epicranial suture. 
Antenna slender, extremely long, reaching back to body ring 
7 if straightened along the body axis; antennomere 1 < 7 < 
6 < 2 < 3 = 4 = 5 in length.

Collum (Fig. 5A–C) slightly wider than head; surface dull, 
coarsely microgranulate, with three rows of spines: 4+4 

anterior, 2+2 intermediate and 2+2 posterior; the posterior 
spines much more developed than others. Paratergum well 
developed, directed dorsad, highly elevated from dorsal 
surface, with two additional teeth on anterior side.

Body ring 3 < 4 < 2 = 5–16, thereafter body gradually tapering 
towards telson. Prozonae finely shagreened; metazonae and 
pleurae densely coarsely microgranulate. Transverse sulcus 
present, but vague on metaterga 5–18. Axial line missing. 
Metaterga with two rows of spines: body rings 2–5 with 
3+3 spines in anterior row and 3+3 spines in posterior row, 
body rings 6–18 with 2+2 spines in anterior row and 3+3 
spines in posterior row; posterior spines more developed 
than anterior ones; anterior spines well developed on body 
rings 2–4, then gradually smaller on subsequent body rings. 
Waist between pro- and metazonae broad, very shallow. 
Pleurosternal carinae present as a complete keel on body 
rings 2–3, then missing on subsequent body rings.

Paraterga (Figs. 5, 6) very well developed, directed dorsad, 
antler-shaped with a large branch and 1–2 small additional 
teeth on anterior side. Ozopore located between the first 
tooth and main branch of paraterga, visible on dorsal view.

Telson (Fig. 6A–C) Epiproct unmodified, but broadly 
truncated; tip with four spinnerets; lateral tubercles well 
developed. Hypoproct subtrapeziform; with two distolateral, 
completely separated, setiferous knobs.
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Legs extremely long, slender and thin, ca. 1.8–2.0 times 
as long as midbody height. Prefemora not swollen. Male 
femora 6 and 7 with big, robust tubercles in middle portion 
ventrally (Fig. 6D).

Sterna with distinct cross-impression, sternal lamina between 
male coxae 4 large, trapeziform, sparsely setose (Fig. 7A, 
B). Two pores located at base of lamina (Fig. 7A, B).

Gonopod (Fig. 8) suberect. Coxite cylindrical, shorter than 
femorite, densely setose distodorsally. Prefemur densely 
setose, shorter than femorite. Femorite slightly enlarged 
distad, without a demarcation between femorite and 
postfemoral region. Solenophore (sph) well developed; lamina 
medialis (lm) with a serrated process (sp) in middle part; 
lamina lateralis (ll) with a broadly rounded lobe. Seminal 
groove running entirely on mesal side of femorite, then 
entering to a flagelliform solenomere (sl) which is partly 
sheathed by solenophore. Tip of gonopod bilobed, both 
subterminal (sul) and terminal (tl) lobes rounded.

A key to all four Hylomus species from Laos

Including a new species described here, only four dragon 
millipedes have been recorded from Laos, viz., Hylomus 
rhinoceros (Likhitrakarn, Golovatch & Panha, 2015), H. 
rhinoparvus (Likhitrakarn, Golovatch & Panha, 2015), H. 

laos, new species, all from Champasak Province., and H. 
simplex (Golovatch, VandenSpiegel & Semenyuk, 2016) 
from Khammouane Province. An identification key to all 
known dragon millipede species is provided to facilitate the 
millipede study in this country. Although Laos is located in 
the distributional range of the genus Hylomus, the number 
of recorded species (four species) is less than that in other 
countries (ten in Vietnam; 19 in southern China). Therefore, 
it is probable that more species in this genus are awaiting 
discoveries.

1  Paraterga antler-shaped. Metaterga coarsely microgranulate, 
with rows of spines or traces of setae (Figs. 1, 2, 5, 6). Gonopod 
femorite slightly enlarged distad (Figs. 4, 8) .........................2

– Paraterga spiniform. Metaterga smooth, without rows of spines 
or traces of setae. Gonopod femorite cylindrical and slender, 
not enlarged distad (figs. 22–24 in Golovatch et al., 2016) .... 
 .......................................................................Hylomus simplex

2  Metaterga with one row of 2+2 setae in posterior ................... 
 ................................................................Hylomus rhinoparvus

– Metaterga with two rows of obvious, well developed spines 
(Figs. 1, 2, 5, 6) ......................................................................3

3 The first basal branch of paraterga curved dorsad. Midboby 
metaterga with 4+4 spines in posterior row (Figs. 2B, 3B). 
Male femora without modification .................... H. rhinoceros

– The first basal branch of paraterga straight. Midbody metaterga 
with 3+3 spines in posterior row (Figs. 5D, 6A). Male femora 
6 and 7 with big tubercles ventrally in middle portion ........... 
 .......................................................................................H. laos

Fig. 7. Hylomus laos, new species. Holotype. A, sternum 5, ventral view, light photo; B, uv photo; C, gonopod in situ, ventral view, light 
photo; D, uv photo. Scale bar = 1mm. 
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Fig. 8. Hylomus laos, new species. Holotype. A, right gonopod, lateral view; B, ventral view; C, mesal view; D, distal part of right gonopod, 
lateral view; E, mesal view. Scale bar = 200 µm. Abbrievations: tl = terminal lobe; sul = subterminal lobe; sp = serrated process; ll = 
lamima lateralis; lm = lamina medialis; sph = solenophore; sl = solenomere.
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DISCUSSION

As mentioned above, the genus Hylomus was recently 
re-validated by Srisonchai et al. (2018a), allocating 33 
species to the genus (Srisonchai et al., 2018a; Sierwald & 
Spelda, 2018). Although Srisonchai et al. (2018a) provided 
characters comparing the five dragon millipede genera, 
Hylomus is still ambiguously characterised by a combination 
of morphological characters comparing to Desmoxytes, 
Gigaxytes, Nagaxytes, and Spinaxytes. Instead, all Hylomus 
species appear to encompass the characters that presented 
in the other four dragon millipede species.

The gonopod conformation is very diverse among the 
Hylomus species. Several species show a slender, straight 
gonofemorite, e.g., H. simplex (Golovatch, VandenSpiegel 
& Semenyuk, 2016, whereas most species exhibit a distally 
enlarged, straight or curved gonofemorite, e.g., in H. 
grandis (Golovatch, VandenSpiegel & Semenyuk, 2016), 
H. rhinoceros (Likhitrakarn, Golovatch & Panha, 2015), H. 
rhinoparvus (Likhitrakarn, Golovatch & Panha, 2015). The 
demarcation between femorite and postfemoral region is also 
present in many species, e.g., H. spectabilis (Attems, 1937), 
but absent in the other species. The postfemoral region can 
be strongly condensed in the most species, e.g. H. simplex, 
H. enghoffi (Nguyen, Golovatch & Anichkin, 2005), H. 
parvulus (Liu, Golovatch & Tian, 2014), H. lingulatus (Liu, 
Golovatch & Tian, 2014) or even slightly elongated as in H. 
specialis (Nguyen, Golovatch & Anichkin, 2005), H. pilosus 
(Attems, 1937), H. grandis (Golovatch, VandenSpiegel & 
Semenyuk, 2016). The distofemoral process of the gonopod 
occurs only in some species including H. spectabilis (Attems, 
1937), H. specialis (Nguyen, Golovatch & Anichkin, 2005), 
H. grandis (Golovatch, VandenSpiegel & Semenyuk, 2016), 
while absent in other Hylomus species. Both lamina medialis 
and lamina lateralis of the gonopod solenophore are present 
as well. The process on lamina medialis is absent in the most 
species, but present as a distinct spine in H. phasmoides 
(Liu, Golovatch & Tian, 2016) or small lobe in H. similis 
(Liu, Golovatch & Tian, 2016).

Not only the gonopodal characters seem to be diverse, but 
the somatic characters vary between species as well. The 
paratergal shape shows the great variations. Most (19) 
Hylomus species have antler-shaped paraterga as seen in H. 
rhinoceros (Figs. 1, 2, 3A). Twelve Hylomus species display 
spiniform paraterga as found in H. simplex (Golovatch, 
VandenSpiegel & Semenyuk, 2016), H. hostilis (Golovatch 
& Enghoff, 1994), H. simplipodus (Liu, Golovatch & Tian 
, 2016), H. similis (Liu, Golovatch & Tian, 2016), H. 
phasmoides (Liu, Golovatch & Tian, 2016), H. longispinus 
(Loksa, 1960), H. spinissimus (Golovatch, Li, Lui & 
Geoffroy, 2012), H. lui (Golovatch, Li, Lui & Geoffroy, 
2012), H. parvulus (Liu, Golovatch & Tian, 2014), H. 
minutuberculus (Zhang, 1986), H. scutigeroides (Golovatch, 
Geoffroy & Mauriès, 2010), H. getuhensis (Liu, Golovatch & 
Tian, 2014). A few species presents wing-shaped paraterga 
as in H. spectabilis (Attems, 1937), H. nodulosus (Liu, 
Golovatch & Tian, 2014). Paraterga is sometimes even 
reduced to be crests as in H. laticollis (Liu, Golovatch & Tian, 

2016) except in several anteriormost body rings. Therefore, 
we can not provide characters which is clearly recognised 
as putative apomorphies for this genus at this point.

Additionally, Nguyen (2017) analysed 500 bp of mitochondrial 
gene (16S rRNA) to evaluate the phylogenetic relationship 
among several Desmoxytes [= Hylomus] species from 
Vietnam. The preliminary results indicated that Hylomus is 
probably not monophyletic. However, he suggested to add 
more specimens, and additional markers are also required 
for a further comprehensive analysis. In conclusion, the 
species diversity of the genus Hylomus appears to be 
remarkable and the gaps of our knowledge are quite vast 
in terms of morphological diversification. However, a few 
species may have been discovered from vast radiations, so 
that a synthetic treatment of the group may not be possible 
at the present time.
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