European Journal of Taxonomy 720: 107-120 ISSN 2118-9773
E https://doi.org/10.5852/ejt.2020.720.1119 www.europeanjournaloftaxonomy.eu
[@)sr | 2020 - Wesener T.

This work is licensed under a Creative Commons Attribution License (CC BY 4.0).

Research article
urn:lsid:zoobank.org:pub:A32297C8-00D2-4A71-837A-CE49107C1F27

Dichromatobolus, a new genus of spirobolidan millipedes from
Madagascar (Spirobolida, Pachybolidae)

Thomas WESENER

Zoological Research Museum Alexander Koenig (ZFMK), Leibniz Institute for Animal Biodiversity,
Adenauerallee 160, D-53113, Bonn, Germany.
E-mail: t.wesener@leibniz-zfmk.de

urn:1sid:zoobank.org:author:86DEA7CD-988C-43EC-B9D6-C51000595B47

Abstract. A new genus, Dichromatobolus gen. nov., belonging to the genus-rich mainly southern
hemisphere family Pachybolidae of the order Spirobolida, is described based on D. elephantulus gen.
et sp. nov., illustrated with color pictures, line drawings, and scanning electron micrographs. The
species is recorded from the spiny bush of southwestern Madagascar. Dichromatobolus elephantulus
gen. et sp. nov. shows an unusual color pattern, sexual dichromatism with males being red with black
legs and females being grey. Males seem to be more surface active, as mainly males were collected
with pitfall traps. Females mainly come from the pet trade. The body of this species is short and very
wide, being only 8 times longer than wide in the males. Live observations show the species is a very
slow mover, digging in loose soil almost as fast as walking on the surface. The posterior gonopods
of Dichromatobolus gen. nov. are unusually simple and well-rounded, displaying some similarities to
the genera Corallobolus Wesener, 2009 and Granitobolus Wesener, 2009, from which the new genus
differs in numerous other characters, e.g., size, anterior gonopods and habitus. Despite several attempts
with fresh tissue samples and different primers, molecular barcoding did not work for Dichromatobolus
gen. nov. Any relationships to the other 15 genera of Pachybolidae indigenous to Madagascar remain
unknown.
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Introduction

Madagascar, the large island off the eastern coast of Africa, is famous for being a biodiversity hotspot
(Myers et al. 2000), as well as a center of endemism for numerous animal and plant groups (Goodman &
Benstead 2005; Pearson & Raxworthy 2009). Because of differences in rainfall and altitude (Battistini
1972; Jury et al. 1995; Dewar & Richard 2007), Madagascar hosts several different ecosystems, from
spiny dry forests to montane rainforests (Moat & Smith 2007), probably the main drive behind an
extraordinary species richness in several groups of organisms. Millipedes (class Diplopoda de Blainville,
1844) are no exception, with most known species being endemic to Madagascar (Enghoff 2003), and
numerous known microendemic species (Wesener & Sierwald 2005; Wesener 2009; Wesener ef al. 2014;
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Moritz & Wesener 2017). Only six of the 16 (Blanke & Wesener 2014) orders of the Diplopoda are
known with indigenous described species from Madagascar, but two more, Polyzoniida Gervais, 1844
(Wesener 2014a) and Siphonophorida Newport, 1844 (Wesener 2014b), are present with indigenous, but
still undescribed species. Especially rich in genera and species on Madagascar is the family Pachybolidae
Cook, 1897 sensu Hoffman 1980 (order Spirobolida Cook, 1895) (Wesener et al. 2009). Altogether
15 of the 16 indigenous genera of the Spirobolida on Madagascar belong to the Pachybolidae, with
only Hylekobolus Wesener, 2009 belonging to the family Spirobolellidae Brolemann, 1913. With 15
currently described genera, Madagascar is also one of the main centers of diversity of the Pachybolidae
globally, a family showing a Gondwanan distribution (Enghoff et al. 2015). The relationships of the
Malagasy genera of the Pachybolidae are still unclear. One genus, Madabolus Wesener & Enghoff,
2008, occurring in western Madagascar is clearly, based on morphological (Wesener et al. 2008) and
genetic characters (Pitz & Sierwald 2010), a member of the tribe Pachybolini Wesener & Enghoff, 2008,
which is further distributed in western and eastern Africa. Another genus Spiromimus de Saussure &
Zehntner, 1901, diverse in dry forests and rainforests in the northern half of Madagascar, shows some
morphological similarities with the genus Xenobolus Carl, 1919 from southern India (Wesener & Enghoff
2009). The relationships of the other 13 genera of the Pachybolidaec endemic to Madagascar are still
unclear and might be only resolved with a comprehensive molecular study including other genera from
South America, South Africa, India, Southeast Asia and Australia. At the species level, many species of
Pachybolidae are restricted to very small areas of distribution (e.g., Wesener 2011; Wesener et al. 2011),
and 25 of the 58 known endemic species are listed in one of the top three [IUCN Red List categories (e.g.,
Rudolf & Wesener 2017a, 2017b, 2017¢c, 2017d).

Here we describe a new genus from Madagascar, based on a new species from the southwestern spiny
bush featuring unusual morphological characters.

Material and methods

Institutional abbreviations

CAS = California Academy of Sciences, San Francisco, USA

CASENT Entomology collection, California Academia of Sciences, San Francisco, USA

FMNH Field Museum, Chicago, USA

ZFMK = Zoological Research Museum A. Koenig, Leibniz Institute for Animal Biodiversity,
Bonn, Germany

Illustrations

Dissecting and camera lucida drawings were done under an Olympus SZX12 stereo microscope. For
scanning electron microscopy (SEM), the samples were dehydrated via an ethanol chain, mounted on
stubs and dried overnight. The stubs were sputter-coated with 100 nm of gold in a Hummer VI (Anatech,
USA) sputtering system. Images were obtained using a Hitachi S-2460 SEM. Multi-layer photographs
were taken with a Leica Z6 Imaging-System based at the ZFMK. Stacked images were put together using
the software Auto-Montage (Syncroscopy). All images were later modified using Adobe Photoshop
version CS2 and assembled into plates using Adobe Illustrator version CS2. The locality of specimens
was mapped in the free software DIVA-GIS 7.5.0.0 (Hijmans et al. 2001) on spatial information made
freely available by the GADM database 1.0 and the Madagascar Vegetation mapping project (Moat &
Smith 2007).

Collection and deposition

No specimens were collected by the author, they come mainly from the backlog of the FMNH and
CAS. An additional large amount of specimens (from unknown localities) came from the pet trade, both
from an import in 2007 by the German firm (now no longer in existence) Odenwald Exoten, and from
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an additional import in 2019 (only males) by the French trader ebugz.eu. Specimens were received for
identification and are stored in the public museum collections of the CAS, FMNH and ZFMK.

DNA extraction attempts

Despite four DNA extractions, and the utilization of PCR protocols which have yielded good sequence
data for the Spirobolida (Wesener et al. 2011) and other millipedes (Wesener 2015a, 2015b) in two
laboratories, the Field Museum, Chicago, USA and the ZFMK, no good COI barcoding sequences
could be obtained. Utilized primer pairs for PCR and sequencing were the HCO/LCO primers (Folmer
et al. 1994) and modified degenerated primers, HCO-JJ/LCO-]J (Astrin & Stiiben 2008). Curiously,
something not observed in any of the other Diplopoda COI sequences we analyzed so far, the PCR result
showed triple bands, and the sequencing result indicated contaminations.

Results
Class Diplopoda de Blainville in Gervais, 1844
Order Spirobolida Cook, 1895
Family Pachybolidae Cook, 1897 sensu Hoffman 1980
Dichromatobolus gen. nov.
urn:1sid:zoobank.org:act:2BC93D12-96E1-4ECC-B83D-44249 A06E099
Type species

Dichromatobolus elephantulus gen. et sp. nov. Monotypic.

Diagnosis

Massive, short, differs from all other known genera of Pachybolidae in mature males being only eight
times longer than wide. Coloration uniquely differing between sexes, females grey, males red (Fig. 1A).
Transverse ridge on mentum of gnathochilarium absent (Fig. 4A). Male legs with tarsal pads and
unusually spinose tarsi (Fig. 4D). Shares anterior telopods with apical process of telopodite (Fig. 4E-F)
with Zehntnerobolus Wesener, 2009, from which Dichromatobolus gen. nov. differs strongly in habitus
and posterior gonopods. Simple, apically swollen posterior gonopods (Fig. SA—C) are shared with
Corallobolus Wesener, 2009, from which Dichromatobolus gen. nov. differs in habitus and anterior
telopods.

Etymology

After the differences in the color pattern between the sexes, and ‘-bolus’, a common suffix for genus
names of the Spirobolida. Masculine.

Taxonomic position

The posterior gonopods being connected by a sclerotized sternite as well as the absence of apodemes
on the anterior gonopods (Fig. 4E-F) place Dichromatobolus gen. nov. in the suborder Trigoniulidea
Attems, 1909, family Pachybolidae. The closest relative of Dichromatobolus gen. nov. is unknown.

Remarks

There is a second potential species, > 100 mm in length, with specimens from Manongarivo, Ananambao
(FMNH-INS 56254), all unfortunately female. Their wide body with short legs and grey color (all
other larger Spirobolida genera on Madagascar are black/red, Wesener et al. 2009) might indicate a
relationship to Dichromatobolus gen. nov.
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Dichromatobolus elephantulus gen. et sp. nov.
urn:lsid:zoobank.org:act:A768C2C3-047C-43A9-8F6B-47EDD40371B4
Figs 1-6

Diagnosis

Body 60-80 mm long, massive, bulky spirobolidan. Epiproct not projecting. Males red, females grey,
ozopore openings in both sexes marked by a black circle. Males with tarsal pads, coxa projections
absent. Legs and antennae short. Anterior gonopods, telopodite process well-developed and at apex
curved laterally. Posterior gonopod slender and elongated, telopodite simple, rectangular, apically with
opening of efferent duct.

Etymology

Elephantulus, diminutive noun in apposition, after the resemblance to an elephant in the female grey
color, as well as a hint referring to the width of the species.

Type material

Holotype
MADAGASCAR ¢ &; 65 km E of Itampolo; 24°39.02' S, 43°57.79" E; 130 m a.s.l.; 1017 Jan. 2011;
M. Irwin, R. Harin Hala leg.; Malaise trap; path in dry forest; CAS MG-54C-78 (CASENT 9068311).

Other material examined

MADAGASCAR 2 3J'; Province Toliara, Mahafaly Plateau, 6.2 km 74°ENE of Itampolo; 24°39'13" S,
43°59'48" E; 80ma.s.l.; 21-25 Feb. 2002; Fisher, Griswold et al. leg.; spiny forest thicket; hand collecting;
CAS BLF 5762 (GCKMP-FM-060) « 2 9 9; Toliara, Atsimo-Andrefena, 13.5 km SSE of Efoetse, 2 km
E of Soarano village; 24°11.3' S, 43°46.7"' E; 50 m a.s.l.; 19 Apr. 2005; Voahangy Soarimalala leg.; spiny
bush, pitfalls; FMNH-INS 3196507 = 7 3J'; Odenwald Exoten import to Germany 2007; FMNH-INS
55888 ¢ 17 9 Q; same data as for previous; FMNH-INS 55887 « 3 Q ©; same data as for previous; ZFMK
MYR9897, MYR9898, MYR9899 « 2 4 J'; same data as for previous; ZFMK MYR9896 ¢ 2 imm. J'J;
pet trade, ebugz.eu; import to France 2019; ZFMK MYR8708, MYRS8745.

Description

MEASUREMENTS. Male holotype: 47+0 body rings, 62 mm long, 7.7 mm wide. Widest male (CAS BLF
5762), broken, 8.2 mm wide. Female (ZFMK MYR9899): 48 +0 body rings, 76 mm long, 9.0 mm wide.

CoLoraTION. Sexually dimorphic (Fig. 1A). Male: head and body reddish (Fig. 1A—E), telson bright red
(Fig. 1F), ozopores marked by black spot. Legs and antennae black (Fig. 1B—F). Female: Head and body
including telson grey (Fig. 1A), ozopores marked by black spot. Posterior margin of body rings darker.
Legs and antennae black.

HEeAD. In male, each eye with 45-50 ommatidia arranged in 10 vertical rows with: 4, 5, 6, 7, 7, 6, 5,
4, 3, 2 ommatidia, respectively (Fig. 1B, D). Incisura lateralis open (Fig. 1D). Labrum with standard
three irregular teeth and single row of 10—12 stout marginal setae (Fig. 1E). Clypeus with two setiferous
foveolae on each side. Antennae short, protruding back to ring 3 in males (Fig. 1B). Relative lengths of
antennomeres: 1<<2>>3=4>5=6, second antennomere twice as long as others (Fig. 2A). Terminal
antennomere with four large sensory cones located together inside a membranous area (Fig. 2B).
Antennomere 5 and 6 latero-apically with sensilla basiconica (Fig. 2C).
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Fig. 1. Dichromatobolus elephantulus gen. et sp. nov. A. Living & (red; FMNH-INS 55888) and Q (grey;
FMNH-INS 55887) from Odenwald Exoten 2007 import, photo by P. Decker. B—C. Living immature
&, 2019 import (ZFMK MYR8708), photo by L. Moritz. B. Head. C. Whole body. D-F. J (ZFMK
MYR8745), multi-layer photographs. D. Anterior body, lateral view; E. Leg pairs 1-7, ventral view.
F. Posterior body end with telson. Abbreviations: av = paraprocts; C = lips of paraprocts; Ca = cardines;
Co = collum (ring 1); Gn = gnathochilarium; Go = gonopods; IL = incisura lateralis; ms = marginal
setae; P-M = parasitic(?) mites; Pre = epiproct; St = stipes; sub = hypoproct. Not to scale.
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Fig. 2. Dichromatobolus elephantulus gen. et sp. nov., & (ZFMK MYR9896), SEM. A. Right antenna.
B. Disc, apical view. C. Border of antennomere 5 to 6 with sensilla basiconica. D. Gnathochilarium,
internal surface. E. Left mandible, mesal view. Abbreviations: 4iT = four-combed inner tooth; ac =
apical cone; cP = central pads; d = disc; Endo = endochilarium; eP = lateral palpus; eT = external tooth;
iP = inner palpus; LT = lateral tooth; mp = molar plate; pL = pectinate lamellae; sb = sensilla bascionica;
numbers refer to antennomere number.
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GNATHOCHILARIUM. Lamellae linguales each with two standard setae located one behind the other.
Stipites each with three apical setae. Basal part of mentum not divided, but with several ridges (Fig. 4A).
Endochilarium and central pads shaped like in other Spirobolida species (Fig. 2D).

MANDIBLE. In male, stipes with projecting sharp edge (Fig. 1D). Gnathal lobe, external tooth simple,
rounded; inner tooth with four cusps (Fig. 2E). Six pectinate lamellae. Mesal margin of pectinate area
(intermediate area) with circa four rows of small, slender spines. Molar plate with numerous (8 or 9)
transverse furrows (Fig. 2E). Female not investigated.

CoLLuM. Smooth, laterally not protruding as far as ring 2 (Fig. 1B, D).

Boby rINGS. Ozopores marked by black color, starting at ring 6, located a half diameter before suture
between mesozona and metazona. Rings with smooth, but irregular coriaceous surface, ventrally on
metazona with transverse ridges. Limbus simple, with cuticular scales and wavy margin (Fig. 3A).

TELsON. Paraprocts with weak lips, little micropunctation towards edges (Fig. 1F). Epiproct well-
rounded, not protruding above paraproct (Fig.1F). Hypoproct inconspicuous (Fig. 1F).

LEGs. Leg 1 with a large cylindrical coxa, twice as long as other podomeres (Fig. 4C). Tarsus with three
pairs of ventral spines, without an apical spine beyond claw. Leg 2 with a strongly elongated coxa, fused
to sternite. Tarsus with four pairs of ventral spines and a short apical spine (Fig. 4B). Midbody legs with
arectangular coxa, as long as other podomeres. Each podomere ventrally with a single or a pair of apical
setae, tarsus in males with a ventral pad, 6 pairs of ventral and 5 pairs of lateral spines (Fig. 4D). Length
of midbody legs circa 0.7 times body diameter in males (Fig. 1E).

Female sexual characters

Body color grey (Fig. 1A). Female vulva simple, resembling a bivalve shell.

Fig. 3. Dichromatobolus elephantulus gen. et sp. nov., & (ZFMK MYR9896), SEM. A. Limbus of
midbody ring. B. Phoretic(?) mite at body ring. Abbreviations: pm = tergite margin; sc = cuticular scales.
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Fig. 4. Dichromatobolus elephantulus gen. et sp. nov., holotype, & (CAS MG-54C-78), drawings.
A. Gnathochilarium, ventral view. B. Second leg pair, posterior view. C. First leg pair, posterior view.
D. Left midbody leg pair, posterior view. E. Anterior gonopod, anterior view. F. Anterior gonopod,
posterior view. Abbreviations: cp = coxite process; cP = central pads; Cx = coxite; eP = lateral palpus;
Fe = femur; iP = inner palpus; LL = lamellae lingualis; Me = mentum; Po = postfemur; Pre = prefemur;
St = sternite; St-Cx = sterno-coxite; T = telopodite; Ta = tarsus; Ti = tibia; Tp = telopodite process. Scale
bars = 1 mm.
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Male sexual characters
Tarsal pads present (Fig. 4D). Coxae 3—7 without coxal processes (Fig. 1E).

Anterior gonopod sternite massive (Fig. 4E), elongated into wide, well-rounded lobe (Fig. 4E), lobe
lower than coxite. Sternite in posterior view well-visible, without discernable apodemes. Coxite mesally
in anterior view with wide, well-rounded process, apical part of process recessed (Fig. 4E, F). Telopodite
with slender process arising mesally (Fig. 4F), process conspicuously curved laterad (Fig. 4E), with
well-rounded tip, not reaching lateral margin of telopodite (Fig. 4F).

Posterior gonopods each consisting of two parts, separated by sutures (Fig. SA—C): (1) basally large,
bulky coxite with slender, elongated process of coxite, and (2) apically almost rectangular telopodite
with slight membranous folds extending meso-apicad and apicad, efferent duct discharging apically
(Fig. 5SA—C). Coxal process and telopodite placed in same axis (Fig. SA-B). Pair of posterior gonopods
located parallel to each other, connected by small, sclerotized and visible sternite. Basal part of coxite
wide, mesally with small sclerite located on lower level than remaining part (Fig. 5B). Coxite elongated
into long coxal process (Fig. SA). Efferent duct running at mesal margin of coxite (Fig. 5B). Telopodite
straight, as wide as coxite process, discharge opening of efferent duct apically. Telopodite shorter than
coxite process (Fig. 5A), meso-apically with well-rounded, triangular, membranous process (Fig. 5B—
C), apically with slightly projecting opening of efferent duct (Fig. SA—C).

Fig. 5. Dichromatobolus elephantulus gen. et sp. nov., holotype, & (CAS MG-54C-78), left posterior
gonopod, drawings. A. Anterior view. B. Posterior view. C. Detail of telopodite, posterior view.
Abbreviations: Apo = apodeme; Cx = coxite; sg =efferent duct; scl = small mesal sclerite; T = telopodite.
Scale bars = 1 mm.
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Fig. 6. Distribution of Dichromatobolus elephantulus gen. et sp. nov. Vegetation color marks modified
from Moat & Smith (2007).
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Distribution

Spiny forests around Toliara in Southwest Madagascar (Fig. 6).

Intraspecific variation

The three known populations from southwestern Madagascar, as well as the specimens from the pet
trade, coming from at least two different imports 2007 and 2019 look very similar to one another,
showing only a slight variation in body ring counts, varying between 47 and 48.

Remarks

Some element associated with the species, or the surroundings they live in, reacts to ethanol. White
crystallizations appear around the specimens and appendages when conserved in ethanol for a longer
time.

Discussion
Life observations

The fact that this species was part of the pet trade allowed a few life observations. Dichromatobolus
elephantulus gen. et sp. nov. did not last long in captivity. Specimens of both the 2007 and the 2019
import died after 2-3 weeks. Males and females of the 2007 import were imported as two different species
because of the difference in the color pattern. Such a strong color differences observed between the sexes
as in D. elephantulus gen. et sp. nov. have to our knowledge not been reported in any other Juliformia
species. Sexual color dimorphism is known for some species of Megaphyllum Verhoeff, 1894 of the
related order Julida Brandt, 1833 (Schubart 1934). Also, in the Spirobolida, males are often of a shinier
appearance compared to females, as in the African species Epibolus pulchripes (Gersticker, 1873),
as was illustrated in a recent developmental article (Dhaenens & VandenSpiegel 2006). In 2019, only
males could be observed. Specimens of both sexes were very sluggish, not moving after a disturbance
like touching. When moving on the surface they were slow. Digging into loose substrate was as fast as
walking on the surface. Specimens of both sexes tried to walk around, not climb up obstacles. Females
of the 2007 import were strongly infected with mites, which covered the anterior part of the body and all
of the legs. Mites were also present in some of the males (Fig. 3B). The illustrated mite was determined
by one of the reviewers as a hypopi, phoretic deutonymphs of acaridian mites.

Outlook

The discovery of Dichromatobolus gen. nov. shows how little we still know about the diversity of the
Pachybolidae on Madagascar, despite the fact that the number of known endemic genera of the island
grew from two before 2008 to 16 now. The spiny forest ecosystem, with the great seasonality of rainfall,
might make any discovery of surface active millipedes quite difficult, as the roads are difficult to traverse
during the rainy season when the millipedes are most likely active on the surface and sexually mature.
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