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Summary. The cuticular surface structures of 23 species of the family Chelodesmidae, as well as 11 species of related 
families, were studied using a scanning electron microscope. Cytoscute shapes were found to vary, from a regular 
penta-/hexagonal shape to a stretched and/or branched, jigsaw puzzle-like structure. Complicated boundaries between 
cytoscutes may increase cuticular stability. A row of ca. 0.001 mm long denticles was often found, mostly along the pos-
terior margin of the cytoscutes; and may add friction by backwards movement. In a few genera, the entire cytoscute is 
covered with similar denticles, which in some cases may help to attach a secretal protective cover. Roundish structures 
visible between cytoscutes may be fungal nature.
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INTRODUCTION

The cuticular surface microstructure exhibits an unbe-
lievable diversity across arthropods (e.g., Eisenbeis and Wich-
ard 1985). Maybe most impressively intricate (and beautiful) 
in Collembola (Nickerl et al. 2013), but also in millipedes 
(Diplopoda) a great variety of cuticular surface microstruc-
ture can be found, see, e.g., Akkari and Enghoff (2011).

In millipedes (Diplopoda) and centipedes (Chilopoda), 
a very common cuticle pattern consists of hexa- and pen-
tagonal scutes with a diameter between 0.005 and 0.01 mm 
(Fig. 1), which are believed to be secreted by individual epi-
dermal cells (Fusco et al. 2000; Moretto et al. 2015), and have 
therefore been labeled ‘cytoscutes’ („cell-shields“) by, e.g., 
Hannibal and May (2021) and Enghoff et al. (2025). Cytos-
cutes of various shapes and structures are known from many 

other arthropods, such as Symphyla (Eisenbeis and Wichard 
1985: plate 79f), and Diptera (Rebora et al. 2023).

Chelodesmidae represents a large family of flat-backed 
millipedes (order Polydesmida), with approximately 800 de-
scribed species distributed in the Neotropics, Afrotropics 
and – marginally – the southwestern part of the Palaearctic. 
Although most species are forest-dwellers, some species have 
been found in caves (Mauriès and Geoffroy 2000; Bouzan et 
al. 2022). Morphologically, the family is very diverse, showing 
a wide range of gonopod configurations, body sizes (between 
2-3 cm and 10 cm in body length, Pena-Barbosa et al. 2013), 
surface sculptures, paranotal shapes and coloration. Some spe-
cies clearly display aposematic coloration, e.g., Eucampesmella 
macunaima Bouzan, Iniesta, Pena-Barbosa and Brescovit, 
2021, Chondrodesmus riparius Carl, 1914, Morogorius divisus 
Enghoff, 2025 (Bouzan et al. 2021: figs 2–4; Golovatch et al. 
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2025: fig. 4; Enghoff et al. 2025: fig. 2), suggesting a relatively 
non-cryptic lifestyle among these species.

As part of a study of East African species of the fam-
ily (Enghoff et al. 2025), the shape of the cytoscutes was 
found to be highly variable between species. This prompted 
a broader study of several African and Neotropical genera 
of Chelodesmidae, as well as a few representatives of related 
families. The present study was conducted to investigate 
shape variation as a potential source of phylogenetic infor-
mation, as well as the possible functional significance of dif-
ferent cytoscute shapes and associated structures, such as 
„denticles“ and „intercalary microscutes“ (see below).

MATERIAL AND METHODS

Midbody body rings, or partial midbody rings, were 
isolated from individuals available in the collection of the 
Natural History Museum of Denmark (NHMD). In total, 37 
specimens representing 34 species: corresponding to one in-
dividual from each species, and four from Tanzaniella howelli 
Hoffman, 1977. Identifications were mainly conducted by the 
late R.L. Hoffman or the author. Specimens were cleaned by 
ultrasound, transferred from 70% to 96% ethanol and then to 
acetone, air-dried, mounted on aluminum stubs, and coated 
with a 12 nm layer of platinum-palladium using a Quorum 
SC7620 Mini Sputter Coater. The dorsal side of the paranota 
was examined using a Zeiss Gemini 360VP scanning electron 
microscope (SEM) in NHMD. For a few species, a persistent 
cover of some secretion made observation of the cuticular 
surface impossible, despite treatment with ultrasound, laun-
dry enzyme and/or sodium hypochlorite (NaOCl). Images 
were processed to adjust contrast and brightness in Adobe 
Photoshop, which in some cases involved stacking multiple 
images. Plates were composed using Microsoft Publisher. 
The results are summarized in Table 1, and examples of the 
cytoscutes are shown in Figs 1–4.

RESULTS

A basic pattern of hexagonal and pentagonal cytoscutes 
was observed for several genera belonging to Chelodesmidae, 
Xystodesmidae, Oxydesmidae, Gomphodesmidae, Sphaerio-
desmidae and Paradoxosomatidae (Fig. 1). In many cases, 
the cytoscutes were found to be located strictly in one plane, 
in a pavement-like arrangement (Fig. 1A–C), while for others 
they displayed a tendency for imbrication (Fig. 1D). In many 
species, a row of tiny (0.001 mm or less) denticles was seen 
along one margin (mainly the posterior margin) of some or 
all cytoscutes (Figs 1B, 2D, 4A). Another frequent feature 
was the presence of rows of circular, slightly to moderately 
protruding structures, referred to as intercalary microscutes 
(Akkari and Enghoff 2011; Shear et al. 2016) (Figs 1C, D, 2A, 

B, 4D). The images shown in Figs 1–4 all show the structure 
on the dorsal side of a midbody paranotum, and in order to 
check for constancy, twelve images were made from various 
parts of the left paranotum of a male Tanzaniella howelli. All 
images showed the same very stretched, branched shape, but 
the possible occurrence of the same shape on other body 
parts was not investigated. For most species, only a single 
specimen was studied; however, for Tanzaniella howelli, all 
of the four investigated specimens, including a juvenile, were 
found to have similar cytoscutes.

Modifications of the basic pattern were observed, 
consisting of changes in shape, and/or changes in surface 
structure. 

Cytoscutes are very often roughly isodiametric in shape, 
but they may also be more or less elongated (Fig. 2G), and 
their margins may be differently curved or undulated (Fig. 
2E, F). Elongation and margin curving/undulation may com-
bine to form rather intricate, sometimes branched shapes 
(Fig. 3), including the very slender (~5 times longer than 
broad), ghostlike cytoscutes observed in Tanzaniella how-
elli (Fig. 3F) and the „jigsaw puzzle pieces“ seen in Chon-
drodesmus riparius Carl, 1914 (Fig. 3B). In Henrisaussurea 
corcovadis (Brölemann, 1903) (Fig. 4A), the cytoscutes are 
moderately elongated and branched, and in addition the tiny 
marginal denticles are much longer than normal (~0.002 
mm, vs ~0.001 mm); although they remain confined to one 
side of the cytoscute. 

In contrast, results observed in the species from the 
genus Callistocilla Hoffman, 1977 were very different. Here 
the cytoscutes are of a very regular hexa-/pentagonal shape, 
while the entire surface, not only one margin, is covered with 
minute denticles, somewhat reminiscent of a fakir ‘bed-of-
nails’ (Fig. 4B). A similar modification may also occur in 
Cryptoporatia sp. (Fig. 4C), in this species the cuticle was 
covered by a layer of secretion which proved extremely dif-
ficult to remove. Neither ultrasound, mechanical scratch-
ing nor treatment with commercial laundry enzyme could 
remove this secretion layer. Nor could a short dip in sodium 
hypochlorite. Eventually a piece of paranotum was left in 
NaOCl overnight at room temperature. This removed the 
secretion but also destroyed the cuticle. Still, hexagonal/pen-
tagonal cytoscutes are visible (Fig. 4C), as well as the usual 
row of marginal denticles. In addition, a number of small 
holes were seen scattered over the surface of many cytos-
cutes; which may be remnants of denticles similar to those 
seen in Callistocilla.

Finally, a unique surface structure consisting of irregu-
lar dimples and vaguely reminiscent of the surface of certain 
types of biscuits was seen in the aphelidesmid Haematotropis 
divergens (Chamberlin, 1918) (Fig. 4D).
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Fig. 1. Dorsal microsculpture of midbody paranota. A-B, Oxidus gracilis (C.L. Koch, 1847) (no collection number, Paradoxosomatidae); B 
showing tiny denticles along the posterior margin of the cytoscutes. The arrow points backward; C, Strongylomorpha bohlsi (Attems, 1898) 
(NHMD 1184581, Chelodesmidae); D, Kilimagomphus massaiensis (Attems, 1938) (NHMD 118761, Gomphodesmidae), showing rows of 
enigmatic (fungal?) structures between cytoscutes and tiny denticles along the posterior margin of the cytoscutes. The arrow points back-
ward; E, Melaphe vestita (C.L. Koch, 1847) (NHMD 1184747, Xystodesmidae). (Scale bars: = 0.01 mm.)
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Fig. 2. Dorsal microsculpture of midbody paranota. A, B, D, Trichomorpha nidicola Chamberlin, 1925 (NHMD 1184760, Chelodesmidae); 
A, B, fungal? structures between cytoscutes; D, denticles along the posterior margin of the cytoscute; C, Kilimagomphus massaiensis (At-
tems, 1938) (NHMD 118761, Gomphodesmidae), fungal? structures between cytoscutes; E, Cheirodesmus discolor Cook, 1896 (NHMD 
1184582, Chelodesmidae); F, Sigmoria nigrimontis (Chamberlin, 1947) (NHMD 1184748, Xystodesmidae); G, Eurydesmus zebratus (Ger-
vais, 1836) (NHMD 1184589, Chelodesmidae). (Scale bars: A, B, D–G = 0.01 mm; C = 0.001 mm.)
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Fig. 3. Dorsal microsculpture of midbody paranota. A, Paracordyloporus aff. camerunensis Attems, 1927 (NHMD 1184753, Chelodesmi-
dae); B, Chondrodesmus riparius Carl, 1914 (NHMD 1184588, Chelodesmidae); C, Afolabina yoruba Hoffman, 1967 (NHMD 1184751, 
Chelodesmidae); D, Tylodesmus amoebus Cook, 1896 (NHMD 1184750, Chelodesmidae); E, Prepodesmus tigrinus Cook, 1896 (NHMD 
1184566, Chelodesmidae); F, Tanzaniella howelli Hoffman, 1977 (NHMD 118466, Chelodesmidae); G, Morogorius kitungulu Enghoff, 2025 
(NHMD 1184573, Chelodesmidae); H, Dionaeadesmus force Enghoff, 2025 (NHMD 1184572, Chelodesmidae). (Scale bars: = 0.005 mm.)

Fig. 4. Dorsal microsculpture of midbody paranota. A, Henrisaussurea corcovadis (Brölemann, 1903) (NHMD 1184580, Chelodesmi-
dae), showing enlarged denticles mostly along the posterior margin of the cytoscutes; B, Callistocilla dolorotrix Hoffman, 2005 (NHMD 
1184742, Chelodesmidae); C, Cryptoporatia Hoffman, 1980 sp. (NHMD 1184752, Chelodesmidae) after overnight treatment with NaOCl; 
D, Haematotropis divergens (Chamberlin, 1918) (NHMD 1184590, Aphelidesmidae) – inset: close-up of peculiar surface and inter-scute 
microstructure. (Scale bars: A, B, D = 0.005 mm; C = 0.01 mm.)
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Table 1. Studied specimens and brief characterization of cuticular surface structure.
Family Species Collecting data Surface pattern
CHELODESMIDAE Afolabina yoruba 

Hoffman, 1967
GHANA • ♂; Legon, Botanical Garden; 11 May 
1965; V. Schiøtz leg. NHMD 1184751

Fig. 3C: Cytoscutes 
moderately stretched, 
“amoeba-like”.

CHELODESMIDAE Alocodesmus hanseni 
Silvestri, 1898

VENEZUELA • ♂; before 1897; Levinsen leg.; 
NHMD 1184746

Typical diplopod pattern: 
Hexa-/pentagonal cytoscutes.

CHELODESMIDAE Anisodesmus sceptrifer 
(Demange & Mauriès, 
1975)

GUINEA • ♂; N’Zérékoré 13–15 May 1950; 
Galathea-Exp. Leg.; NHMD 1184749

As Tylodesmus amoebus (Fig. 
3D)

CHELODESMIDAE Callistocilla dolorotrix 
Hoffman, 2005

TANZANIA • ♂; Iringa Region, Kilolo District, 
Udzungwa Scarp Nature Reserve, Chita Juu; 
8°32′23.4″ S, 35°51′36.0″ E; 1387 m a.s.l.; 1 Feb. 
2022; A. Ngute, R. Malanda, W. Mhagawale, H. 
Mnendendo, A. Mpoto and A. Marshall leg.; 
FoRCE Plot 109, open canopy, COLL.NHMD - 
ACC. NO. 2022-EN-003; NHMD 1184742

Fig. 4B: Cytoscutes regularly 
hexa-/pentagonal, with dense 
cover of microdenticles, not 
only along one margin.

CHELODESMIDAE Callistocilla beatrix 
Hoffman, 1977

KENYA • ♂ holotype; Tiwi S of Mombasa; 18 
May 1968; Schiøtz leg.; ZMUC 00101515. 

as C. dolorotrix (Fig. 4B).

CHELODESMIDAE Callistocilla ?n. sp. TANZANIA • ♂; Morogoro Region, Kanga Mts, 
Kanga Forest Reserve; 400–500 m a.s.l.; 22–25 
Nov. 1984; N. Scharff leg.; lowland rain forest; 
NHMD 1184571.

as C. dolorotrix (Fig. 4B).

CHELODESMIDAE Cheirodesmus discolor 
Cook, 1896

SIERRA LEONE • ♂; Joru; 1 Jul. 1963: V. Schiøtz 
leg.; NHMD 1184582

Fig. 2E: Cytoscutes roughly 
isodiametric, with somewhat 
irregular, partly curved 
edges.

CHELODESMIDAE Chondrodesmus 
riparius Carl, 1914

DENMARK • ♂; Copenhagen, Østerbro, indoor 
in potted palm (Phoenix roebelini O’Brien); 
Jan.–Mar. 2007; A. Thomsen & H. Enghoff leg. 
NHMD 1184588

Fig. 3B: Cytoscutes roughly 
isodiametric, with strongly 
irregular edges, very much 
like jigsaw puzzle pieces.

CHELODESMIDAE Cryptoporatia sp. NIGERIA • ♂; E, Osomba 56 miles from of 
Calabar; 17 Jun. 1965; V. Schiøtz leg.; NHMD 
1184752

Fig. 4C: Cytoscutes after 
brutal removal of a secretion 
layer covering, regularly 
hexa-/pentagonal, with 
dense cover of pores which 
may represent dissolved 
microdenticles.

CHELODESMIDAE Diaphorodesmus 
dorsicornis (Porat, 
1894)

NIGERIA • ♂; Cross Rivers State, Osomba 56 
miles N of Calabar; 17 Jun. 1965; V. Schiøtz leg.; 
NHMD 1184759

Cytoscutes hexa-/pentagonal, 
slightly stretched.

CHELODESMIDAE Dionaeadesmus force 
Enghoff, 2025

TANZANIA • ♂ paratype; Iringa Region, 
Mahenge District, West Kilombero Scarp Forest 
Reserve, Nyumbanitu Mts, S Udekwa Village; 
07°48′ S, 36°21′ E; 2300 m a.s.l.; Dec. 1993; L.L. 
Sørensen & J.O. Svendsen leg.; NHMD 1184572.

Fig. 3H: Cytoscutes stretched, 
slightly branched.

CHELODESMIDAE Eurydesmus zebratus 
(Gervais, 1836)

BRAZIL • ♂; Rio de Janeiro; 1850–1856; J. T. 
Reinhardt leg.; NHMD 1184589

Fig. 2G: Cytoscutes stretched.

CHELODESMIDAE Henrisaussurea 
corcovadis 
(Brölemann, 1903)

BRAZIL • ♂; Faz. Do Cachoeira; before 1894; 
Böving-Petersen leg.; NHMD 1184580

Fig. 4A: Cytoscutes 
stretched, partly branched, 
microdenticles in marginal 
row stronger than usual.

CHELODESMIDAE Iguazus ?ornithopus 
(Brölemann, 1902)

BRAZIL • ♂; Lagoa Santa; 1850–1856; J. T. 
Reinhardt leg.; NHMD 1184583

as Eurydesmus zebratus (Fig. 
2G).

CHELODESMIDAE Morogorius kitungulu 
Enghoff, 2025

TANZANIA • ♂ holotype; Udzungwa Mts, 
Kitungulu Forest Reserve; 08°09′ S, 36°05′ 
E; 1500 m a.s.l.; Jan. 1996; M. Andersen, P. 
Gravlund and A. Jakobsen leg.; NHMD 1184573.

Fig. 3G: Cytoscutes stretched, 
with strongly irregular edges.
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CHELODESMIDAE Morogorius divisus 
Enghoff, 2025

TANZANIA • ♂ paratype; Iringa Region, Kilolo 
District, Udzungwa Scarp Nature Reserve, 
Uhafiwa; 8°31′58.404″ S, 35°51′28.368″ E; 1375 
m a.s.l.; 25 Jan. 2022. A. Ngute, R. Malanda, W. 
Mhagawale, H. Mnendendo, A. Mpoto and A. 
Marshall leg.; FoRCE Plot 106, open canopy; 
COLL.NHMD - ACC. NO. 2022-EN-003; 
NHMD 1184702

as M. kitungulu (Fig. 3G).

CHELODESMIDAE Morogorius 
louishanseni Enghoff, 
2025

TANZANIA • ♂ paratype; Iringa Region, 
Mahenge Distr., West Kilombero Scarp Forest 
Reserve, Nyumbanitu Mts, S Udekwa Village; 
07°48′ S, 36°21′ E; 1500 m a.s.l.; Dec. 1993; J.O. 
Svendsen leg.; NHMD1184713

as M. kitungulu (Fig. 3G).

CHELODESMIDAE Paracordyloporus aff. 
camerunensis Attems, 
1927

NIGERIA • ♂; Eastern State, 56 miles north of 
Calabar; 17 Jun. 1965; V. Schiøtz leg.; NHMD 
1184753

Fig. 3A: Cytoscutes stretched, 
with strongly irregular edges.

CHELODESMIDAE Prepodesmus tigrinus 
Cook, 1896

GHANA • ♂; Bimpang Forest Reserve 45 miles 
NNW of Cape Coast; 6 May 1963; D. Barry leg.; 
NHMD 1184566

Fig.3E: Cytoscutes stretched, 
with finely undulate edges.

CHELODESMIDAE Strongylomorpha 
bohlsi (Attems, 1898)

PARAGUAY • ♂; Asuncion – San Lorenzo; 26 
Sep. 1988; Bretzendorfer leg.; NHMD 1184581

Fig. 1C: Typical diplopod 
pattern: Hexa-/pentagonal 
cytoscutes, often with row 
of microdenticles along one 
side.

CHELODESMIDAE Tanzaniella howelli 
Hoffman, 1977

TANZANIA • ♂; Morogoro Region, Kilombero 
District, Udzungwa Mountains National 
Park, Mwanihana; Sanje; 7°46′52.14″ S, 
36°54′11.7714″ E; 421 m a.s.l.; 20 Feb. 2022; A. 
Ngute, E. Kivambe, R. Malanda, W. Mhagawale, 
H. Mnendendo and A. Marshall leg.; open 
canopy. ForCE Plot 92: COLL.NHMD - ACC.
NO. 2022-EN-003; NHMD 1184661

Fig. 3F: Cytoscutes strongly 
stretched, slightly branched.

CHELODESMIDAE Trichomorpha nidicola 
Chamberlin, 1925

PANAMA • ♂; Prov. Panama, Gamboa (TT 
or PR); 1983–1984; W. Nentwig leg.; NHMD 
1184760

Typical diplopod pattern: 
Hexa-/pentagonal cytoscutes.

CHELODESMIDAE Tylodesmus amoebus 
Cook, 1896

LIBERIA • ♂; Bomi Hills; 9 Aug. 1949; S. Herold 
Olsen leg.; NHMD 1184750

Fig. 3D: Cytoscutes stretched, 
with strongly irregular edges.

APHELIDESMIDAE Haematotropis 
divergens 
(Chamberlin, 1918)

TRINIDAD AND TOBAGO • ♂; Trinidad, 
Simla, 300 m a.s.l.; 10 Feb. 1983; J. Nielsen leg.; 
rain forest; NHMD 1184590

Fig. 4D: Cytoscutes stretched, 
with “biscuit surface-like” 
structure.

GOMPHODESMIDAE Agrophogonus 
hamulifer Olsen & 
Enghoff, 2020

TANZANIA • ♂; Morogoro Region, Kilombero 
District; Magombera Nature Reserve, 
7°48’55.548” S, 36°58’37.812” E; 281 m a.s.l.; 28 
Dec. 2019; A. Ngute & A.M. Marshall leg.; micro-
FoRCE plot 8, open forest NHMD 1184757

Typical diplopod pattern: 
Hexa-/pentagonal cytoscutes.

GOMPHODESMIDAE Gomphodesmus 
castaneus Cook, 1896

TANZANIA • ♂; Amani, Forest House; ca. 1000 
m a.s.l.; 2 Aug. 1974; I.B. & H. Enghoff leg.; in 
litter; ZMUC 2000226

Typical diplopod pattern: 
Hexa-/pentagonal cytoscutes.

GOMPHODESMIDAE Kilimagomphus 
massaiensis (Attems, 
1938)

TANZANIA • ♂; Kilimanjaro; 3°15’27.36” S, 
37°25’1.5594” E; 19 Jun. 2012; J. Röder leg.; lower 
montane forest; NHMD 118761

Fig. 1D: Typical diplopod 
pattern: Hexa-/pentagonal 
cytoscutes, often with row 
of microdenticles along one 
side.

OXYDESMIDAE Gonepacra lescurei 
(Demange, 1977)

TANZANIA • ♂; Morogoro Region, Morogoro 
District Uluguru Mts., Mkungwe Forest Reserve; 
6°51–6°54 S, 37°51–37°56 E; 400–1000 m a.s.l.; 
Aug. 2000; N. Doggart leg.; submontane forest, 
Uluguru Mountains Biodiversity Conservation 
Project; NHMD 1184758

Cytoscutes regularly hexa-/
pentagonal.
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DISCUSSION

When comparing the relatively striking variations in 
cytoscute shape documented above, it should be noted that 
cytoscute structures exhibit considerable variation between 
different body parts of the same specimen. A single piece of 
evidence, viz., SEM images from a paranotum of a specimen 
of Tanzaniella howelli suggests, however, that cytoscute shape 
remains fairly constant over the entire paranotum.

The pattern of hexa-/pentagonal cytoscutes has previ-
ously been reported for many groups of millipedes, including 
Cambalidae (Reboleira et al. 2015: fig. 3D), Odontopygidae 
(Enghoff 2014: fig. 34), Spirostreptidae (Enghoff 2017: fig. 
18C), Dorypetalidae (Reboleira and Enghoff 2015: fig. 3C), 
Blaniulidae (H. Enghoff, unpubl. observations on several 
species), Siphoniulida (Recuero et al. 2026), as well as in 
centipedes (e.g., Fusco et al. 2000; Moretto et al. 2015; Stoev 
et al. 2015; Edgecombe and Giribet 2016).

The row of ~0.001 mm denticles found in several spe-
cies (Figs 1B, D, 2D, 4A) is intriguing. These denticles pre-
dominantly occur on the posterior margin of each cytoscute 
and point backwards (Fig. 1B, D). Often, they are seen only 
on some cytoscutes, and it cannot be excluded that they exist 
on some cytoscutes in species where they have not been de-
tected. Their position suggests that they may increase fric-
tion by backwards movement (Thies Büscher, pers. comm.). 
Even in Henrisassurea corcovadis (Fig. 4A) in which cytos-
cute shape is quite irregular, the denticles – which are par-
ticularly long in this species – predominantly occur along 
the posterior margin of the cytoscutes. Similar denticles also 

occur along the posterior margin of cytoscutes in Odontopy-
gidae (Frederiksen and Enghoff 2015: fig. 3D; Enghoff 2018: 
fig. 4) in Julidae (Eisenbeis and Wichard 1985: plate 63) and 
Symphyla (Eisenbeis and Wichard 1985: plate 79). In some 
species of the orders Polyzoniida and Siphonophoridae, rows 
of similar denticles also exist even though the cuticular sur-
face does not display a cytoscute structure (Moritz et al. 2022: 
fig. 9b; Anilkumar et al. 2022: fig. 4d; Marek et al. 2016: fig 
4a; Moritz and Parra-Gomez 2023: figs 4g, 5). 

Intercalary microscutes (Figs 1D, 2A–C, 4D) are also 
known from other millipede groups, including several other 
families of Polydesmida (Akkari and Enghoff 2011; Shear et 
al. 2016), as well as Odontopygidae (Enghoff 2014), Cam-
balidae (Reboleira et al. 2015), and Dorypetalidae (Reboleira 
and Enghoff 2015). They are regularly circular in shape, and 
may be more or less protruding, in some cases even stalked 
(Enghoff and Reboleira 2017: fig. 4D), and may be connected 
by narrow strips between the regular cytoscutes. Enghoff and 
Reboleira (2017) suggested that they may be fungal nature, 
and they do indeed show resemblance to conidia of the ento-
mopathogenic fungus Beauveria bassiana (Bals.-Criv.) Vuill. 
(Güerri-Agulló et al. 2010: fig. 7). The similarity to B. bassi-
ana is particularly striking for the structures found on the 
odontopygid millipede Chaleponcus nikolajscharffi Enghoff, 
2014 by Enghoff and Reboleira (2017: fig. 4C, D).

The paranota, also called keels, of polydesmidan mil-
lipedes serve as „wedges“ during burrowing, especially 
through layers of leaf litter (Manton 1977: 356). The two 
main types of modifications to cytoscute shape have different 

PARADOXOSOMATIDAE Oxidus gracilis
(C.L. Koch, 1847) 

DENMARK • ♀; NEZ, Roskilde, Plantecenter 
“Hobbyland”; 8 Feb, 2025, L. H. Hansen; not 
registered

Fig. 1A, B: Typical diplopod 
pattern: Hexa-/pentagonal 
cytoscutes, often with row 
of microdenticles along one 
side.

SPHAERIODESMIDAE Sphaeriodesmus 
filamentosus Loomis, 
1974

PANAMA • ♂; Gamboa Pipeline Road; 30 Jul. 
1983; N. Scharff leg.; rain forest; NHMD 1184592

Typical diplopod pattern: 
Hexa-/pentagonal cytoscutes.

XYSTODESMIDAE Gyalostethus 
monticolens 
(Chamberlin, 1951)

USA • ♂; Tennessee, Cocke Co., Great Smoky 
Mts National Park, Cosby area; 8 Aug. 1981; H. 
Enghoff & R.M. Shelley leg.; NHMD 1184755

Like Sigmoria nigrimontis 
(Fig. 2F), but edges a bit less 
undulating.

XYSTODESMIDAE Levizonus thaumasius 
Attems, 1898

RUSSIA • ♂; Maritime Province, haika Station 
14th km, just near Vladivostok; 9 May 1977; 
E.V. Mikhaljove leg.; oak wood litter; NHMD 
1184578

Typical diplopod pattern: 
Hexa-/pentagonal cytoscutes.

XYSTODESMIDAE Melaphe vestita (C.L. 
Koch, 1847)

TURKEY • ♂; Edirne Province, Kuxu Dağ SE 
Keşan; 350 m a.s.l.; 9 May 1995; H. Enghoff, 
M. Frater & H. Read leg.; Pinus/Quercus forest; 
NHMD 1184747

Fig. 1E: Typical diplopod 
pattern: Hexa-/pentagonal 
cytoscutes, often with row 
of microdenticles along one 
side.

XYSTODESMIDAE Sigmoria nigrimontis 
(Chamberlin, 1947)

USA • ♂; North Carolina, McDowell Co., 9.6 
miles NW Marion, along US Forest Service 
Road; 25 Jul. 1975; A.M. Shelley & J.C. Clamp 
leg; NHMD 1184748

Fig. 2F: Cytoscutes of normal 
shape but with undulating 
edges.
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implications in terms of possible function.
Elongation, and in particular branching of the cytos-

cutes probably serves to increase mechanical stability. The 
very branched, jigsaw puzzle piece-like cytoscutes seen, 
for example in Chondrodesmus riparius (Fig. 3B) very 
much remind one of certain plant epidermal cells: see, e.g., 
Muntoreanu et al. (2011: fig. 3). Liu et al. (2021) analyzed 
the formation of jigsaw puzzle piece-like plant epidermis 
cells. They concluded (p. 544) that „Extensive phylogenetic 
analyses of pavement cell shape across plant species sug-
gest that no single function has driven the evolution of the 
puzzle shape, and therefore many proposed functions for 
this shape may hold true for certain species and growth con-
ditions.“ and that „The various functions for pavement cell 
interdigitation that have been proposed include cell spacing 
and enhancement of tissue integrity, mechanical strength and 
flexibility, as well as growth plasticity and resistance to turgor 
pressure–induced mechanical stresses on the cell walls.“ For 
the most part, these observations could equally apply to mil-
lipede cytoscutes, although the shape of the epidermal cells 
will not necessarily match that of the overlying cytoscutes 
(see, e.g., Büscher et al. 2018). In any case, the hard cuticle 
may functionally replace solid cell walls which are present in 
plants, but absent in millipedes.

The dense cover of microdenticles on the cytoscute 
surface seen in Callistocilla (Fig. 4B) and possibly in Cryp-
toporatia Hoffman, 1980 (Fig. 4C), as well as the enlarged 
marginal denticles seen in Henrisassurea Hoffman, 1971 (Fig. 
4a), could potentially help to fix a protective cover composed 
of secretions. Cuticular microsculpture or a dense cover of 
tiny hairs has been seen in several other millipedes which 
are covered by a secretion and/or an incrustation of soil 
particles, e.g., species of Cryptocorypha Attems, 1907 and 
Elythesmus enghoffi (Hoffman, 1978) (Enghoff 2022), and 
several species of Pyrgodesmidae (Shear 1977). In Cryptopor-
atia a secretion cover was found to be present that is almost 
impossible to remove, but in Callistocilla and Henrisaussurea 
there is no layer of secretion on the cuticle. The function of 
the microdenticles in this case could be to increase friction, 
non-directionally in the case of Callistocilla.

The cuticular surface microstructure potentially could 
bear phylogenetic signals, which might contribute to resolve 
the phylogeny of Chelodesmidae – a very poorly understood 
family. The material studied here provides a few more or less 
vague such signals:
•	 In the East African genera Morogorius Verhoeff, 1941, 

Tanzaniella Hoffman, 1977 and Dionaeadesmus Eng-
hoff, 2025 the cytoscutes are elongated, very narrow and 
more or less branched (Enghoff et al. 2025). Some other 
African genera (Prepodesmus Cook, 1896, Tylodesmus 
Cook, 1895) have more or less similar cytoscutes, but 

so far, this cytoscute shape has not been seen in any 
Neotropical genus.

•	 In all three species of Callistocilla studied, the cytos-
cutes are covered with minute denticles. Nothing even 
remotely similar to this has been reported elsewhere, 
and this character underlines the morphological 
uniqueness of Callistocilla (Hoffman 1977)

•	 In the two studied Nearctic Xystodesmidae (Gyalo-
stethus monticolens (Chamberlin, 1951) and Sigmoria 
nigrimontis (Chamberlin, 1947)) the margins of the 
otherwise normal cytoscutes are undulated.
Alternatively, the similarities in cuticle miscrosculpture 

might reflect similarities in habits. However, considering 1) 
our only fragmentary knowledge about the habits of these 
millipedes and 2) the modest number of taxa included in 
the present study, compared with the enormous diversity of 
Chelodesmidae and related families, the significance of these 
signals remains uncertain.
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