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Abstract

The new genus Purealus Anderson (type species, Purealus beckelorum gen n. et sp. n., type locality: Mc-
Kenzie Lake, Gaines County, Texas) is described to accommodate a new species of cleonine weevil from
western Texas and eastern New Mexico. Habitus images and images of taxonomically significant structures
are presented. Purealus appears to be unique within Cleonini in the distinctly tumescent and asperate base
of elytral interval 3, and widely separated procoxae, two characters apparently not shared with any other
world Cleonini. The species cannot be placed in either Apleurus or Scaphomorphus due to a combination
of characters in part shared by each genus and the lack of characters used to define the monophyly of each
genus. Coding of the character states and addition to the analysis presented in a recent comprehensive
analysis of world Cleonini did not provide any significant information on phylogenetic affinities. No
information on plant associations is available; most specimens have been collected walking on the ground
in winter months in arid habitats.
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Introduction

During a visit to the weevil collection of retired colleague Charles W. O’Brien in Green
Valley, Arizona in May of 2016 I found 5 specimens of an odd cleonine weevil col-
lected in western Texas in October of 2004 that I was unable to identify. Further ex-
amination and comparison with other described species of North American Cleonini
verified that the species was new and furthermore, questioned the generic placement of
the new species which was not accommodated in any of the present North American
genera Stephanocleonus, Apleurus or Scaphomorphus. This discovery led to a short trip
to western Texas in October of 2016 during which time two additional specimens were
acquired, one collected in the field at McKenzie Lake, the second collected in March of
2016 by Darren and George Pollock in Quay County, New Mexico. Since then, three
additional specimens have turned up based on the collecting efforts of Darren and
George Pollock, and Boris Kondratieff.

The present paper describes this new genus and species and discusses the placement
of the genus with respect to Apleurus and Scaphomorphus and considering the recent
overview and phylogenetic analysis of world Cleonini (Arzanov and Grebennikov 2017).

Materials and methods

Generic and species description follows Anderson (1988). Specimens are deposited in
the following collections:

CMNC Canadian Museum of Nature, Ottawa, Ontario, Canada; F. Génier;
CWOB Charles W. O’Brien collection, Green Valley, Arizona; C. W. O’Brien;
ENMU Eastern New Mexico University, Portales, New Mexico; D. A. Pollock.

Taxonomic treatment

Purealus gen. n.
http://zoobank.org/8512E7F9-5537-4D53-942E-7A7BE835DBB8
Figures 1-8

Type species. Purealus beckelorum sp. n. by present designation.

Diagnosis. Cleonini with body form moderately robust, rostrum medially lon-
gitudinally tumescent with dorsal contour in lateral view evenly rounded, procoxae
widely separated, base of elytral interval 3 distinctly tumescent and asperate.

Description. Size. Moderately large, body length 7.8-9.4 mm (exclusive of head
and rostrum), moderately robust in body form. Mouthparss. Prementum rugose, con-
cave medially, carinate laterally, with 23 large and 2—3 smaller setae on each side, a pair
of long setae towards middle at apical margin. Maxillary and labial palpi not externally



Purealus beckelorum, a new genus and species of cleonine weevils from western Iexas...

Figures 1-3. Purealus beckelorum. 1 Dorsal habitus 2 Lateral habitus 3 Ventral habitus.
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visible. Rostrum. Robust, longitudinally medially tumescent, dorsal contour in lateral
view distinctly arched, rounded. Median tumescence low, not evident as distinct carina.
Epistoma slightly swollen, produced anteriorly, with apical margin very slightly, very
broadly, apically emarginate. Antenna with funiculus with article I subequal in length
to, to slightly longer than, article II; club of four articles, apical three articles of club
with placoid sensillac. Head. Eye elongate teardrop shaped, slightly prominent, not
convex dorsally. Area behind eye with shallow irregular punctures. Upper margin of eye
rounded, frons convex especially at base of median rostral tumescence. Vestiture. Dor-
sum with suberect or erect vestiture short and sparse; with simple very elongate-narrow
recumbent white hair-like scales of variable size and density. Prothorax. Dorsal surface
of pronotum coarsely punctate. Pronotum with median basal area deeply impressed
towards basal margin; anterolateral margin, behind eyes, with moderately developed
rounded postocular lobe; postocular vibrissae short, of equal length; disk with elongate
white larger moderately dense scales present in lateral sinuate stripe, variously larger
and denser along lateral margins; median area largely black in color, underlying black
cuticle not obscured by any scales, subglabrous. Prosternum with very slight impression
anterolaterad of each procoxal cavity; without any swelling immediately anterior to
each prosternal impression; procoxae widely separated by about one-half width of coxa
by globular posterior process of prosternum. Legs. Foretarsus moderately broad, articles
IT and IIT more or less subequal in length, at most only slightly longer than broad;
article I longer than articles II or III; article III deeply bilobed. Meso- and metatarsus
very slightly more elongate-narrow, article II slightly to distinctly longer than article III;
article I distinctly longer than articles IT or III; article III deeply bilobed. Ventral tarsal
pilosity reduced to some extent (not covering entire ventral surface of a tarsal article) to
almost lacking entirely from at least more basal tarsal articles (especially of metatarsus).
Claws connate from near base to through basal one-third, slightly to markedly diver-
gent. Foretibia with inner margin lacking denticles; near apex with second spur not de-
veloped. Tibia with corbel ridge rounded. Hind wings. Absent. Elytra. Intervals, except
humerus and bases of intervals 3, 5, 7, and 9 flat, bases of intervals 3, 5, 7, and 9 slightly
to markedly swollen, asperate (especially that of interval 3 which is tumescent). Striae
confused, punctate. Humeri rounded. Scales variously condensed in patches of larger,
denser white scales. Abdomen. Ventral surface almost uniformly covered with fine dense
white hair-like scales. Abdominal sternum VII in males with apical margin at middle
simple, without small dorsally directed median tooth. Genitalia. Female. Abdominal
sternum VIII lacking basal arm (spiculum gastrale). Gonocoxite II elongate triangular
in form, apex not prolonged into lobe; stylus present, moderately large in size; api-
cal. Spermathecal gland oval. Symbiont pouches elongate-oval lying adjacent to vagina,
composed of 10-12 rings, joined to vagina near apex. Male. Abdominal sternum VIII
with interior angle of each sclerite lacking basal projection. Aedeagus moderately ro-
bust, in lateral view more or less evenly arcuate throughout length; apex not spatulate,
somewhat acuminate. Internal sac not everted. Apical sclerite complex not evident.

Derivation of generic name. The generic name Purealus is derived as an anagram
of Apleurus. Gender masculine.
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Natural history. Five specimens of this species were collected in October 2004 at
McKenzie Lake, Gaines County, Texas by tiger beetle enthusiast Dave Brzoska while
hunting tiger beetles. The exact circumstances of capture are not known but the speci-
mens were likely walking around on the ground in areas inhabited by tiger beetles. One
specimen was collected dead by me in fine debris and other insects washed up along
the northern shore of McKenzie Lake in October 2016. Another three specimens were
collected in Lea and Quay Counties, New Mexico, walking on the ground. During my
trip to McKenzie Lake numerous species of shrubs and herbs were searched for this
species without success. Searches of tiger beetle habitats such as open sandy flats, open
alkaline areas around the lake, and dirt roadways also yielded no specimens.

Comments. The robust form, robust, medially longitudinally tumescent rostrum
with dorsal contour in lateral view evenly rounded (Fig. 2), but especially the widely
separated procoxae (Fig. 3) and the distinctly tumescent and asperate base of elytral in-
terval 3 (Figs 1-2), will readily distinguish this genus among all Cleonini. Such widely
separated procoxae are apparently not known in any other world Cleonini, all of which
have the procoxae contiguous. The genus combines characters of the North American
genera Apleurus Chevrolat and Scaphomorphus Motschulsky with the rounded tibial
flange and rounded postocular lobes of Scaphomorphus but the robust rostrum, re-
duced ventral tarsal vestiture and more robust form of an Apleurus. Characters used to
recognize the monophyly of Scaphomorphus (shiny glabrous median tubercle at base
of abdominal sternum VII in female) and various groups of Apleurus (blunt tooth at
apical margin of abdominal sternum VII in male, swellings anterior to front coxae,
apically rounded epistoma) are not present in Purealus.

Purealus beckelorum sp. n.
http://zoobank.org/04568E7E-09BB-4EB4-9115-61B760974C93
Figures 1-8

Diagnosis. Rostrum dorsally medially longitudinally tumescent, not distinctly carinate;
elytra with humerus rounded, bases of intervals 3, 5, 7, and 9 elevated and variously
convex, especially base of interval 3 which is markedly tumescent and distinctly asperate.

Description. Size. Length, male, 7.8-9.4 mm; female, 8.5-9.0 mm. Width,
male, 3.5-4.2 mm; female, 3.5-4.2 mm. Head. Eye very slightly prominent and very
slightly convex in dorsal view. Frons and vertex with moderately dense, moderately
large, deep punctures. Frons also with sparse, short suberect golden or white hair-like
scales densest immediately above eyes. Area immediately behind posterior margin of
eye with small shallow indistinct punctures. Area above eyes not elevated above rest
of frons (eyes not browed in anterior view). Width of frons subequal to width at apex
of rostrum. Rostrum robust (width at apex 0.76-0.82 times length). Median longi-
tudinal tumescence present, broad, low, not carinate. Dorsal and lateral punctation
moderately dense, moderately deep. Dorsally, excluding epistoma, with moderately
dense, short to long, recumbent elongate white hair-like scales. In lateral view with
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apical portion flat to very slightly declivous from point of antennal insertion to apex.
Epistoma with apical margin very slightly, very broadly emarginate at middle. Prono-
tum. In dorsal view with lateral margins subparallel to slightly convergent from base
to apical one-quarter; constricted at oblique angle anterior to apical one-quarter; api-
cal one-quarter and base subequal in width; without distinct lateral tubercles. Dorsal
and lateral punctation large, moderately dense, deep; punctures less distinct, sparser
and smaller on flanks. Scales white, elongate-narrow, appressed, lacking medially from
disk and dorsally from flanks, dense laterally in sinuate line and at lateral margins.
Median carina slightly developed in anterior one-half or lacking. Dorsally with dense
very short fine suberect white hair-like scales each situated within large puncture. An-
terolateral margin with postocular rounded lobe distinct. Elyzra. Very robust in general
form (width at midlength 0.65-0.69 times length. In dorsal view with lateral margins
arcuate throughout length. Humerus rounded, indistinct. Dorsally with bases of inter-
vals 3, 5, 7, and 9 elevated and variously convex, especially base of interval 3 which is
markedly tumescent and distinctly asperate, otherwise remainder of all intervals flat.
Scales white, various in density and size; elongate-narrow, hair-like, pattern various
but with larger and denser scales condensed in variously arranged patches. Wings ab-
sent. Legs. Ventral pilose vestiture of foretarsus present as fine elongate lines on apical
one-half of articles I and II, and as oval pads covering apical one-half of article III; of
mesotarsus present as minute apical tufts on article I, as apical small fine line on article
11, and as very small oval apical pads on article III; of metatarsus present as minute
apical tufts on articles I and II, and as very small oval apical tuft on article III. Abdo-
men. Ventral surface with uniformly moderately dense, elongate-fine recumbent white
hair-like scales. Genitalia. Female. Abdominal sternum VIII with lateral arms narrow,
divergent basally, markedly inwardly arcuate at about midlength then strongly con-
vergent to apex. Gonocoxite II with stylus moderately large, apical in position. Male.
Abdominal sternum VIII with paired sclerite with inner apices lacking ventral projec-
tions. Aedeagus elongate-narrow, in lateral view thickest near base; in ventral view with
lateral margins slightly convergent to near apex, then strongly convergent subapically
to acuminate tip. Internal sac not everted.

Specimens examined. Holotype male, labelled Texas: Gaines County, McKenzie
Lake, N.E. shore, 32.72536 -102.32003, 929m, 19.x.2016, R.S. Anderson, beach
washup, 2016-205 (CMNC). Paratypes, Texas: Gaines County, Highway 380, Mc-
Kenzie Draw (Lake), 920m, 32 41.5’N 102 18.4’W, 19.x.2004, D. Brzoska (1 male,
4 females, CMNC, CWOB). Pecos County, Coyanosa Draw, [31.2882 -103.1216],
Rte. 285, 11.iii.1990, B. Kondratieff & FE Welch (1 male, CMNC). New Mexi-
co: Lea County, County Road 164 (Ranger Lake Road), 1.3 mi. E. Highway 206,
4007°, 33.358278 -103.295226, 25.xi.2016, D. & G. Pollock (1 female, CMNC).
Quay County, Highway 278, ca. 13.8 mi. S.W. San Jon, Apache Canyon, 4600’,
34.934684 -103.460314, 27.iii.2016, D. & G. Pollock (1 female, ENMU); same
except 11.xii.2016 (1 female, CMNC).

Derivation of species name. The species is named after the Beckel family of Van-
couver, Canada. William Edwin and Dorothy (née Brown) Beckel, parents of Cana-
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1 mm

Figures 4-7. Purcalus beckelorum. 4 Head, dorsal view 5 Female genitalia, dorsal view 6 Aedeagus, lateral
view 7 Aedeagus, dorsal view. Abbreviations: bc, bursa copulatrix; g ii, gonocoxite ii; s viii, sternite viii;

sp, spermatheca; ss, symbiont sac; st, stylus; v, vagina.
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dian Museum of Nature President, Margaret Beckel, graciously funded the field work
in October of 2016 in an attempt to collect additional specimens of the species and to
discover aspects of its biology and host plants. William Beckel was president of Carleton
University (Ottawa, Ontario) for the years 1979-1989 and before that President of the
University of Lethbridge (Lethbridge, Alberta). Previously William Beckel was the Head
of the Entomology Lab and Dorothy Beckel was the Head of the Botany Lab at the
Northern Defense Research Laboratory at Fort Churchill, Manitoba in the early 1950s.

Natural history. Specimens were collected in the months of October, November,
December, and March. It is possible that the species is winter active and as such has
not been discovered previously. One specimen was collected dead in beach wash-up
and three other specimens were collected walking on the ground. There are no plant
associations known.

Comments. This species bears a superficial resemblance to Scaphomorphus canes-
cens (LeConte), a species found in the same general area. The large, asperate swellings
at the base of elytral interval 3 and widely separated procoxae are distinctive and ap-
parently not known in other world Cleonini. Despite examination of thousands of
specimens from almost all major museums, no specimens of this species were seen by
Anderson (1988).

This addition prior to couplet 1 in the key to North American Lixinae (Anderson
2002) or North American Cleonini (Anderson 1988) will accommodate Purealus (ref-
erences are to figures in this paper):

I Procoxae widely separated by about one-half width of procoxa by globular
posterior prosternal process (fig. 3). Elytra with base of interval 3 tumescent
and asperate (figs 1-2), humeri absent (rounded) (fig. 1) .....ccccovveinrinnnne.

.................................................................................... Purealus Anderson
- Procoxae contiguous. Elytra with base of interval 3 variously swollen or not,
not asperate, humeri absent or Present.........oovveviiiccececceeeeerererenenenns 1

Phylogenetic considerations

As noted, this genus is characterized by the distinctly tumescent and asperate base of
elytral interval 3 and the widely separated procoxae, two characters apparently not
shared with any other world Cleonini. These are both significant characters, particu-
larly the widely separated procoxae, a character used in many beetle groups as of higher
taxonomic significance. With regard to the North American fauna, Purealus beckelo-
rum cannot be accommodated in the genera Apleurus or Scaphomorphus due to a com-
bination of characters in part shared by each genus and by the lack of characters used to
define the monophyly of each genus (or major part thereof). For Scaphomorphus, this
is the presence of a shiny glabrous median tubercle at the base of abdominal sternum
VII in the female, and for various groups of Apleurus, the presence of a blunt tooth at
the apical margin of abdominal sternum VII in the male, prosternal swellings anterior
to the front coxae, and an apically rounded epistoma. Purealus has reduced ventral
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Figure 8. Purealus beckelorum, distribution.

tarsal vestiture on the middle and hind legs, and rounded humeri, character states each
shared with some Apleurus and Scaphomorphus, and has distinct postocular lobes and
an apical stylus on gonocoxite II of the female, character states shared with all or most
Scaphomorphus but not Apleurus.

The possible phylogenetic relationship of the genus with respect to the world fauna
was investigated following the character analysis of world Cleonini presented by Ar-
zanov and Grebennikov (2017). They scored adult morphological characters for 79 of
a total of 96 extant genus-group Cleonini taxa considered valid to date. Their resulting
matrix contained 121 parsimoniously informative characters scored for 145 ingroup
(Cleonini) and 29 outgroup terminals. Neither the extent of procoxal separation or the
condition of the base of elytral interval 3 are coded as distinct characters likely because
states of these two characters in Purealus appear to be unique. Here, I code the 121
characters listed in Arzanov and Grebennikov (2017) (not relisted here) for Purealus
beckelorum. The string of 121 character scores is as follows:
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No attempt was made to inflate the lobes of the internal sac of the aedeagus as
done by Anderson (1988) and Arzanov and Grebennikov (2017) and mouthparts were
not dissected (hence the “?” in the string above).

The results of the new analysis places Purealus beckelorum as sister to Glebius con-
fluens (Fahraeus) with negligibly small statistical support of 8% (see Arzanov and Gre-
bennikov [2017], figs. 8-9 for placement of Glebius confluens). However, as discussed
by Arzanov and Grebennikov (2017) their results showed that relationships within the
Cleonini remain largely unresolved with either 47 (Bayesian inference) or 37 (maxi-
mum parsimony) branches radiating from the tribe’s most recent common ancestor so
this putative sister-group relationship of Purealus is almost meaningless. Specimens of
Glebius confluens (CMNC) were examined but show no shared significant character
states with Purealus beckelorum. Phylogenetic relationships of the new genus are thus
best considered unknown and the genus another member of the unresolved basal comb
of Arzanov and Grebennikov (2017).
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Abstract

Lithobius (Ezembius) longibasitarsus sp. n. and Lithobius (Ezembius) datongensis sp. n. (Lithobiomorpha:
Lithobiidae), recently discovered from Qinghai-Tibet Plateau, China, are described. A key to the species
of the subgenus Ezembius in China is presented. The partial mitochondrial cytochrome ¢ oxidase subunit
I barcoding gene was amplified and sequenced for eight individuals of the two new species and the dataset
was used for molecular phylogenetic analysis and genetic distance determination. Both morphology and
molecular data show that the specimens examined should be referred to Lithobius (Ezembius).

Keywords
China, COI, Ezembius, Lithobiidae, Qinghai-Tibet Plateau, taxonomy
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Introduction

The myriapod fauna of China has been poorly investigated and this is especially the
case with centipedes of the order Lithobiomorpha, with only approximately 80 spe-
cies/subspecies of lithobiomorphs are known from the country. Qinghai-Tibet Plateau
is among the very poorly studied regions of China (Ma et al. 2014a, b, 2015, 2018, Pei
et al. 2014, 2015, 2016, 2018, Qiao et al. 2018, Qin et al. 2014, 2017). Altogether,
20 species of Lithobius (Ezembius) have been recorded from China, but none of them
have been reported from Qinghai Province (Pei et al. 2018). Herein Lithobius (Ezem-
bius) longibasitarsus sp. n. and Lithobius (Ezembius) datongensis sp. n. are described and
illustrated, both from Qinghai Province.

The centipede subgenus Ezembius was erected by Chamberlin (1919) as a mono-
typic genus to receive Lithobius stejnegeri Bollman, 1893 from Bering Island and was
then formally proposed as new and described by Chamberlin (1923). It accommodates
a group of 58 species/subspecies known mostly from Asia, but also western North
America and spans a wide range of habitats from the arctic and sub-arctic to tropi-
cal and sub-tropical forests, to steppe and overgrazed stony areas of central Asia, and
Himalayan montane forests, from the sea shore up to 5500 m (Himalayas) (Zapparoli
and Edgecombe 2011). Ezembius is characterized by antennae with ca. 20 articles,
ocelli 1+4-1+20, forcipular coxosternal teeth usually 2+2, porodonts generally seti-
form but sometimes stout, tergites generally without posterior triangular projections,
tarsal articulation of legs 1-13 distinct, female gonopods with uni-, bi- or tridentate
claw, 2+2-3+3, rarely 4+4 spurs (Zapparoli and Edgecombe 2011).

Material and methods

Specimen collection and preparation: the specimens were all collected by hand, preserved
in 95% ethanol, and deposited in the collections of Northwest Institute of Plateau
Biology (NWIPB), Chinese Academy of Sciences. Characters were examined using an
Olympus SZ61 stereoscope. Terminology for external anatomy follows Bonato et al.
(2010). Specimens are numbered from 1 to 12 according to collection quantity and pre-
fixed with the abbreviation of the locality. Abbreviations used in the text are as follows:

a anterior; TTT  tergite, tergites;

C coxa; S, SS sternite, sternites;
D dorsal; Ti tibia;

DT Datong. To Toémosvary’s organ;
F femur; Tr trochanter;

GH Gonghe, Ts1 tarsus [;

m median; Ts 11 tarsus 1I;
P prefemur; A% ventral.
P posterior;
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DNA extraction and sequencing protocols: standard DNA extraction and amplifica-
tion methods were performed. Total DNA was extracted from a single leg removed
from each specimen sample using MicroElute Genomic DNA kit (OMEGA), after
overnight incubation at 65°C. Polymerase chain reactions (PCRs) were conducted
using Mastercycler pros PCR (Eppendorfl) in total reaction volumes of 39uL vol-
umes containing 5-60 ng template DNA, 1uL; ddH2O 28uL; 10xBuffer 5pL (Ta-
kara, Dalian, China); 0.5mm/L dNTPs 2.5uL (Takara, Dalian, China); 5U/pL Taq
polymerase 0.5pL (Takara, Dalian, China); Forward Primer 1pL; Reverse Primer 1pL
(synthesized by Sangon Biotech from Shanghai). A 686 bp fragment of COI was am-
plified using the primers LCO1490/LCO2198 (Edgecombe et al. 2002). PCR was
performed as follows: initial denaturing at 95°C for 10 min; followed by 35 cycles of
95°C for 30 s, 44°C for 30 s, and 72°C for 90 s and a final extension at 72°C for 10
min. The PCR products were purified using a purification kit (DC28106 250 Preps,
QIAGEN, Germany). Sequencing reactions were implemented using ABI Prism Big-
dyeTM Terminator Cycle Sequencing Ready Reaction Kit on ABI 3730XL sequencer,
with the PCR primers.

The GenBank accession numbers of all eight new sequences were MH05602—
MHO045609 (Ezembius COI). Sequence identities were confirmed with BLAST
searches (Altschul et al. 1997). In order to eliminate indicators of nuclear mitochon-
drial pseudogenes (numts), such as indels, stop codons and double peaks in sequence
chromatograms, the whole dataset was translated into amino acids using the ‘inverte-
brate’ code in MEGAG (Tamura et al. 2013); internal stop codons were absent in our
dataset; gaps were absent.

Phylogenetic analyses: the sequences were aligned with Clustal X2.0 (Chenna et al.
2003). The aligned sequences were edited using the program BioEdit 7.0.9.0 (Hall
1999) by hand. The substitution model selection was implemented in jModelTest
2.1.4 (Darriba et al. 2012), the TIM3+I+G model was selected by likelihood ratio
tests under the Akaike Information Criterion (AIC 11833.1212) and the Trn+I+G
model under the Bayesian Information Criterion (BIC 12085.5234). Topology was
reconstructed under the Trn+I+G model of nucleotide evolution in MrBayes. Bayesian
inference (BI) was used to generate a phylogenetic hypothesis of the DNA haplotypes.
BI was performed in MrBayes version 3.1.2 (Ronquist and Huelsenbeck 2003) with
3,000,000 generations, sampling trees every 300 generations. Two independent runs
each with four simultaneous Monte Carlo Markov chains (MCMC) were carried out.
The first 25% of generations were discarded as ‘burn-in’. The convergence of chains was
confirmed until average standard deviation of split frequency is below 0.01 (0.002825)
and the potential scale reduction factor (PSRF) is close to 1.0 for all parameters. In
phylogenetic analysis Anopsobius neozelanicus Silvestri, 1909 was used as outgroup.

Distance analysis: the analysis involved 26 nucleotide sequences (App. 1). Codon
positions included were 1+2"+3". All ambiguous positions were removed for each
sequence pair. There were a total of 613 positions in the final dataset. Evolutionary
analyses were conducted in MEGAG (Tamura et al. 2013). All pair-wise intra- and
inter-specific distances were produced to evaluate species divergence in Ezembius.
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Taxonomic accounts

Class Chilopoda Latreille, 1817

Order Lithobiomorpha Pocock, 1895
Family Lithobiidae Newport, 1844
Subfamily Lithobiinae Newport, 1844
Genus Lithobius Leach, 1814
Subgenus Ezembius Chamberlin, 1919

Lithobius (Ezembius) longibasitarsus sp. n.

Type material. Holotype: female labelled GH3 (Figure 1 A, D-E, H-G), body length
17.0 mm, from Gonghe County, Qinghai province, China, 36.64508° N 100.80747°
E, 14 July 2011, 3287 meters above sea level, collected by Gonghua Lin. Paratypes:
one female, one male, same data as holotype.

Habitat. Specimens were collected under stones on steppes covered with legume
shrubs and grass composed mainly of Poaceae. The sampling point belongs to the
Gonghe Basin region of the Tibet plateau severely affected by desertification.

Etymology. The specific name refers to the new species with a long tarsus I of leg
XV, tarsus I approx. 1.7 times longer than tarsus II.

Diagnosis. Body length 17.0-18.0 mm; head slightly widened; antennae of 20
articles; 10—14 ocelli arranged in three irregular rows; To oval to round, slightly smaller
in size to neighbouring ocelli; lateral margins of forcipular coxosternite slanting; an-
terior margin with 2+2, 3+2 or 2+3 blunt teeth and with strong setiform porodonts;
tergites without triangular posterolateral process; legs XIV and XV thicker and longer
than anterior ones in both sexes; coxal pores 4—6, round to ovate arranged in one row;
female gonopods with two moderately long, bullet-shaped spurs; terminal claw of the
third article simple, with a small triangular protuberance on basal ventral side; male
gonopods short and small.

Description. Holotype (%), body 17.0 mm long, cephalic plate width 2.1 mm,
length 2.0 mm.

Colour: antennae light yellow; tergites pale yellow-brown; cephalic plate and termi-
nal tergite yellow-brown; pleural region and sternites pale yellow; distal part of forcip-
ules dark brown, maxillipede coxosternum and SXV yellow; legs pale yellow with grey
hue, pretarsal claw brown.

Antennae composed of 20+20 articles (Figure 1 A), length 3.31 mm, basal article
slightly wider than long, second article with equal length and width, the following
articles longer than wide, distal article 2.6 times as long as wide; abundant setae on
antennal surface.

Ocelli area translucent with dark pigment, 1+5, 3, 2 ocelli on each side of ce-
phalic plate, arranged in three irregular rows. The posterior ocellus is the biggest. To
oval, smaller than the adjacent ocelli, situated ventrally on anterolateral margin of

cephalic plate.
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Figure 1. Lithobius (Ezembius) longibasitarsus sp. n., A, D, E, H=J holotype, female: A dorsal view D
ocelli and To, lateral view E forcipular coxosternite, ventral view H posterior segments and gonopods,
dorsal view I claw of female gonopod, inboard view J female posterior segments and gonopods, ventral
view B, F paratype, female, labelled GH4: B ocelli and To, lateral view F forcipular coxosternite, ventral
view C, G, K paratype, male, labelled GH8: C ocelli and To, lateral view G forcipular coxosternite, ven-
tral view K posterior segments and gonopods, ventral view. Scale bars 1 mm A, E, F, G5 300 um B, C,

D, H, I; 500 um }J.



16 Penghai Qiao et al. | ZooKeys 785: 11-28 (2018)

Cephalic plate smooth, slightly broader than long; as broad as TIII or slightly
broader. Frontal marginal of head with clear transverse suture. Posterior margin slight-
ly concave; projection of lateral marginal conspicuously discontinuous; posterior mar-
ginal ridge slightly concave with median thickening.

Coxosternite subtrapezoidal, anterior margin narrow, lateral margins of the coxos-
ternite slightly longer than medial margins. Median diastema shallow, U-shaped; ante-
rior margin with 3+2 blunt nipple-like teeth (Figure 1E). Porodonts thick and strong
separated from the lateral tooth ventrolaterally. Scattered short setae on the ventral side
of coxosternite, longer setae near the dental margin and the porodonts.

Tergites all smooth, without wrinkles, TT narrower posterolaterally than anterolat-
erally, generally trapezoidal, narrower than the cephalic plate and TIII, the cephalic
plate almost the same width as TIII. Posterior marginal ridge of T1 straight; of TT III,
V shallow concave; of TT VIII, X, XII slightly concave; of TXIV deeply concave; TT
VI- XIV bordered laterally only (Figure 1A). Posterior angles of all tergites rounded
without triangular projections. Only one or two pairs of setae on anterior angles of
each tergite.

Sternites: posterior part of sternites narrower than anterior, generally trapezoidal,
smooth; 2—8 setae on anterior angle, anterior lateral side, posterior angle and posterior
lateral side; some minute setae on SS XIV and XV, most of which distributed on pos-
terior lateral margins and posterior borders.

Legs: tarsal articulation well defined on legs I-XV. All legs with fairly long curved
claws. Legs I-XIV with anterior and posterior accessory spurs, anterior accessory spur
moderately long and slender ca. 33%-50% the length of principle claw, the posterior
one stouter forming slightly larger angles with tarsal claws, ca. 0.25 the length of prin-
cipal claw. Legs XV lacking anterior and posterior accessory spurs. Dense glandular
pores on the surface of prefemur, femur, tibia, and tarsi of legs XIV and XV. Short to
long setae sparsely scattered over the surface of prefemur, femur, tibia, and tarsi of legs
[-XIII, more setae on the tarsal surface, with two rows of comb-like setae along ventral
side, fewer setae on legs XIV and XV. Legs XIV and XV moderately thicker and longer
than anterior legs, tarsus I ca. 6.6 times as long as wide, tarsus II ca. 37% length of the
whole tarsus on leg XV. Leg plectrotaxy as presented in Table 1.

Coxal pores circular on legs XII-XV, separated by a distance 1-2 times larger than
diameter of pore; inner pores smaller; formula 6, 5, 5, 5. Coxal pores set in a shallow
groove arranged in a row with short to long setae scattered over the surface of apophysis
(Figure 1]).

Female posterior segment: S XV generally trapeziform, straight posteromedially;
sternite of genital segment wider than long with posterior margin moderately concave
between condyles of gonopods, except for a small, median bulge; distal part lightly
sclerotised; short to long setae scattered over the surface of genital segment and lat-
eral margins. The first article of gonopod moderately broad bearing 22-24 short to
moderately long setae arranged in three rows with 2+2 moderately long, bullet-shaped
spurs, inner spur slightly smaller and more anterior than the outer (Figure 1J), four
short setae, and three long setae on dorsolateral ridge (Figure 1H). The second article
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Table 1. Lithobius (Ezembius) longibasitarsus sp. n.: leg plectrotaxy; letters in brackets indicate variable spines.

legs ventral dorsal

C Tr P F Ti C Tr P F Ti
1 (a)mp amp am ap ap ap
2-3 amp amp am ap ap ap
4-7 amp amp am a(m)p ap ap
8-11 amp amp am amp ap ap
12 amp amp am (a) amp ap ap
13 amp amp am a amp p ap
14 m amp amp am a amp p p
15 m amp am a a amp p (p)

of gonopod with 8-10 setae, three long setae along the dorsolateral ridge (Figure 1H).
Third article of gonopod with six moderately long setae. Terminal claw simple, slender
and sharp, having small triangular protuberance on ventral side (Figure 11I).

Male posterior segment: S XV subtrapeziform, long setae scattered sparsely over its
surface and posterior margins. Male genital sternite slightly wider than long; posterior
margin quite deeply concave between the gonopods, no bulge medially; ca. 69 short to
medium setae scattered sparsely over its surface and at lateral margins; gonopods of a
single small semicircular article with 3-5 seta on its surface (Figure 1K). Male leg XV
not modified.

Variations. Body length 17.0-18.0 mm; ocelli 1+5, 4, 4 or 1+5, 3, 2 or 1+4, 3, 2
(Figure 1 B-D); coxal pores 5544, 5554 or 6555; coxosternal teeth 2+2, 3+2 or 2+3
(Figure 1 E-G).

Remarks. Lithobius (E.) longibasitarsus sp. n. can be distinguished from all the
other known Chinese species of subgenus Ezembins Chamberlin, 1919 by 2+2, 2+3 or
3+2 moderately blunt teeth on the forcipular coxosternite and the terminal claw of the
female gonopod simple, slender and sharp, having a small triangular protuberance on
its ventral side. It has a larger body (17.7-18.0 mm), more ocelli (10-14), more coxal
pores (5544, 5554 or 6555), and DaC spine on legs XII and XV.

Morphologically it resembles L. (E.) tetraspinus but can be readily distinguished by
the following characters: more ocelli (10-14 vs. 9-10), more coxosternal teeth (2+3,
3+2 vs. 2+2), more coxal pores (4—6 vs. 2-5), and less spurs on female gonopods (2+2
contrary to 2+3 or 3+2).

Lithobius (Ezembius) datongensis sp. n.
http://zoobank.org/05A00271-9A67-4226-87DD-2BDB240AE 1 FF

Type material. Holotype: female labelled DT5 (Figure 2), body length 14.2 mm, from
Datong County, Qinghai province, China, 37.12494° N 101.811611° E, 21 October
2010, 2950 meters above sea level, collected by Gonghua Lin. Paratypes: one female,
one male, same data as holotype.
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Figure 2. Lithobius (Ezembius) datongensis sp. n., A, C—E holotype, female: A habitus, dorsal view; C
forcipular coxosternite, ventral view D female gonopods, dorsal lateral view E female posterior segments
and gonopods B, F paratuype, male: B ocelli and Témdsvary’s organ (To), lateral view F posterior seg-
ments and gonopods, ventral view. Scale bars 1 mm A, C; 300 pm B, D5 500 um E, F.
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Habitat. Specimens were collected under stones of slope-lands covered with grass
mainly of Pedicularis chinensis and shrub mainly of Potentilla fruticosa along the river-
side in coniferous forest composed mainly of Picea crassifolia.

Etymology. The name is derived from the locality Datong County where the new
species was discovered.

Diagnosis. Body length 12.3-14.2 mm; antennae composed of 20+20 articles;
10 ocelli on each side arranged in 3 irregular rows, terminal one ocellus comparatively
large; To larger than the adjoining ocelli; 2+2 coxosternite teeth and setiform poro-
donts posterolateral to the lateralmost tooth; posterior angles of all tergites without
triangular projections; tarsal articulation well-defined on all legs; legs XII-XV with
DaC, leg XV with posterior accessory claw; coxal pores 4—7, round, arranged in one
row; female gonopods with 2+2 moderately large, coniform spurs; claw of the third
article simple, with a small triangular protuberance on basal ventral side; male gonop-
ods short and small.

Description. Holotype (?), body 14.2 mm long, cephalic plate width 1.54 mm,
length 1.54 mm.

Colour red-brown, with a distinct, darker, axial stripe on cephalic plate and tergites.
Legs pale yellow-brown. Sternite yellow-brown with distal part brown with reddish hue.

Antennae tapering, ca. 4.3 mm long, reaching the anterior part of TV, composed
of 20 elongate articles (Figure 1A). Basal article to the seventh article wider than long,
following articles elongate, distal article markedly longer than wide, up to 2.2 times as
long as wide. Abundant setae on the antennal surface.

Ocelli area: ten on each side, dark, arranged in three broken rows; posterior ocellus
slightly larger than posterosuperior ocellus and other seriated ocelli. To slightly larger
than nearest ocellus, rounded.

Cephalic plate: breath/length ratio 1.0 (1.54 mm); smooth, longer setae scattered
along the entire surface sparsely and the marginal ridge of the cephalic plate. Trans-
verse suture distinct, lateral marginal ridge discontinuous, posterior margin continu-
ous, slightly concave (Figure 2 A).

Coxosternite: dental margin slightly concave, with 2+2 slightly acute teeth and seti-
form porodonts separated from the lateral tooth laterally, median diastema U-shaped;
shoulders of coxosternite strongly sloping, as in Figure 2C. Scattered short setae on
the anterior ventral side of coxosternite, longer and stronger setae near the porodonts.

Tergites almost smooth. The anterior part of T I is approx. the same width as ce-
phalic plate and T III; T I and T III approximately the same width. Posterior angles
of all tergites rounded without triangular projections. Posterior margin of TT straight;
posterior margin of TT III, V, VIII, X, XII, and XIV concave; posterior margin of
TVII convex; posterior margin of intermediate T straight; TT VI-XIV bordered lat-
erally only (Figure 2A). Short to long setae along the lateral margin and anterior and
posterior angles of each tergite.

Sternites: posterior side of sternites narrower than anterior, generally trapezoidal,
smooth; SS XIII-XV with miniscule setae scattered sparsely over the surface; genital
sternite more densely setose, as in Figure 2E; four to five pairs of short to long fine setae
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along anterior lateral borders and posterior borders of sternites; several fine setae along
posterior margins of SS I- XII.

Legs: tarsal articulation of all legs distinct. Legs XIV and XV incrassate, without
visible modification. Length of legs XV: F = 0.85 mm, Ti = 1.00 mm, Ts I = 0.77 mm,
Ts I = 0.54 mm. Legs XII- XV with DaC. All legs with fairly long curved claws; legs
I- XIV with anterior and posterior accessory spurs, anterior accessory spur moderately
long and slender, posterior accessory spur slightly more robust; the anterior accessory
spines form relatively small angles with the main claw, the posterior accessory spines
form relatively large angles with the main claw; posterior accessory spines on legs XIV.
Numerous glandular pores scattered on the surface of prefemur, femur, tibia, tarsus of
legs XIV and XIV; short to long comparatively long setae scattered very sparsely over
the surface of all segments of legs I- XIII, more setae scattered on the whole surface of
tarsus, slightly thick setae arranged in two rows on the ventral side of tarsus. Plectro-
taxy as presented in Table 2.

Coxal pores present on legs XII-XV, rounded and separated by distance 0.2-2.5
times greater than their own diameter; inner pores smaller than neighbouring ones;
formula 4655 and 5575. Coxal pores 4654 and 4554 in male. Coxal pore field set in
a relatively shallow groove, the coxal pore-field fringe with prominence. Prominence
with short to moderately long setae sparsely scattered over the surface.

Female posterior segment S XV generally trapeziform, straight posteromedially; ster-
nite of genital segment wider than long with posterior margin moderately concave
between condyles of gonopods, except for a small, median bulge; distal part lightly
sclerotised; short to long setae scattered over the surface of genital segment and lateral
margins. Basal article of gonopod bearing 2225 setae, with two blunt spurs of ap-
proximately equal size at distal end of slender, elongate process and three long spines
on dorsolateral side; second article of gonopod with 5-6 setae and five long curved
spines on dorsolateral side; third article with two setae (Figure 2E). Claw undivided,
bearing a small triangular protuberance on ventral side (Figure 2D).

Male posterior segment (Figure 2F) S XV subtrapeziform, long setae scattered sparse-
ly over its surface. Sternite of genital segment obviously smaller than the female, well
sclerotized; posterior margin quite deeply concave between the gonopods, no bulge
medially; gonopods short, appearing as a hemispherical bulge, one segmented, with
three setac. Male leg XV not modified.

Variations. Body length 12.3-14.2 mm; 9-10 ocelli; coxal pores 4655, 5575, or
5544 in female, 4654 and 4554 in male.

Remarks. The new species can be easily distinguished from the other species of
the subgenus of Ezembius of China except Ezembius anabilineatus by the apical claw of
female gonopods simple with a small subtriangular protuberance on the ventral side.
It differs from E. anabilineatus in many aspects, such as a larger body, fewer antennal
articles (20+20, vs. 23+23 in E. anabilineatus), more ocelli, a DaC spine on legs XII-XV
(only on legs XIV and XV in E. anabilineatus), and a posterior accessory spur present on
legs XV present. It differs from Lithobius (Ezembius) longibasitarsus sp. n. by having pos-
terior accessory spur on XV legs, fewer ocelli (10 versus up to 14 in E. longibarsitarsus)
and different plectrotaxy (VmTr absent on legs XII and XIII vs. present).
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Table 2. Lithobius (Ezembius) datongensis sp. n.: leg plectrotaxy; letters in brackets indicate variable spines.

legs ventral dorsal

C Tr P F Ti C Tr P F Ti
1 mp (a)mp am ap a(p) ap
2-9 amp amp am ap ap ap
10 amp amp am ap ap ap
11 amp amp am a(m)p ap ap
12-14 m amp amp am a amp p p
15 m amp am a a amp p

Key to species of the subgenus Ezembius in China
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Posterior angles of tergites with triangular projections..........cccccccvevvvrinucnenee. 2
Posterior angles of tergites rounded, without projections ..........c.ccceveuneeee. 3
Posterior angles of T'T VII, IX, XI, XIII with triangular projections..............
..................................................................... L. (E.) kiayiensis Wang, 1959
Posterior angles of T'T XIV with slightly triangular projections.....................
...................................................................... L. (E.) sulcipes Attems, 1927
At most four ocelli on each side of cephalic plate......c.coeevivciniinnccineins
................................................................ L. (E.) parvicornis (Porat, 1893)
At least five ocelli on each side of cephalic plate .....c..ceeeveeiniiciinccnncnee 4
Cephalic plate with scattered, rough punctae and tergites with distinct punc-
D ettt e et e e e e e e e e e e e e e e e e e e e e e e e aaaeeaaaan L. (E.) rhysus Attems, 1934
Cephalic plate and tergites without any punctae.........ccccceeciiiiiiiinennn, 5
All ocelli subequal in SIZe ....ceevruirieiiiiiiiniiiiicc e 6
All ocelli not subequal in SIze......c..ccveciririiiiininiciiincccecee 7
Six ocelli on each side of cephalic plate .......cccceoerueiniieninciiniinccce,
................................ L. (E.) sulcifemoralis Takakuwa & Takashima, 1949
Eight to twelve ocelli on each side of cephalic plate.........cccccceeivniciiinnnne,
................................................................ L. (E.) sibiricus Gerstfeldt, 1858
Posterior ocellus small........c..cccovvvuirinnnnnen. L. (E.) lineatus Takakuwa, 1939
Posterior ocellus large...........coocvviiiiiiiiiiiiiiiiiii, 8
The terminal two ocelli comparatively large .........ccocoeeeiiinniiiiinnnes 9
The terminal one ocellus comparatively large .........ccocceivinnriiiininnnnnes 12
Ocelli arranged in tWo FOWS ......cccueiviiiiiiiiiiiiicc
................................ L. (E.) laevidentata Pei, Ma, Hou, Zhu & Gai, 2015
Ocelli arranged in three Fows .......ccoueveuieiriiiiicciicececeeecees 10
3+3 coxosternal teeth ........ceviiuiirieiriiiiric s
............... L. (E.) multispinipes Pei, Lu, Liu, Hou, Ma & Zapparoli, 2016
2+2 coxosternal teeth ......c.couruiiriiiiriiiiiric e 11
Tomosvdry’s organ larger than the adjoining ocellus........cccccccvvniciininnnne,
.............................................. L. (E.) bilineatus Pei, Ma, Zhu & Gai, 2014
Tomosvdry’s organ smaller than the adjoining ocellus .........ccccoeviciininnnne,

.............................. L. (E.) anabilineatus Ma, Pei, Hou, Zhu & Gai, 2015
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Only five ocelli on each side of cephalic plate........cccoveevircciniinnccnicnene.
............................................ L. (E.) chekianus Chamberlin & Wang, 1952

At least six ocelli on each side of cephalic plate .......cccoveiriiiinccnicnee 13
Tomosvéry’s organ smaller than the adjoining ocellus. ........ccccciinnnies 14
Tomosvéry’s organ larger than the adjoining ocellus.........ccoeiiiinnies 16
Ocelli arranged in three rows ........ccccceceevnenennes L. (E.) longibasitarsus sp. n.
Ocelli arranged in tWo FOWS .....ccocuiiviiiiiiiiiiiiiiiccca 15

First article of female gonopods with 3+3 spurs .........cccccceeivvieciinnnennee.
....................................................................... L. (E.) insolitus Eason, 1993
First article of female gonopods with 2+2 or 2+3 Spurs .........cccceeeevreeuenenee.
...................................... L. (E.) irregularis Takakuwa & Takashima, 1949
First article of female gonopods with 1 + 1 Spurs .........cccceeevevevevccinrenennen.
...................................... L. (E.) gantoensis Takakuwa & Takashima, 1949
First article of female gonopods with more than 1+1 spurs .........ccccceueee. 17
First article of female gonopods with 3+3 or 4+4 spurs.........cccccecueeennne 18
First article of female gonopods with 2+2 or 2+3 spurs........ccceeueueeenne. 19
Terminal claw of female gonopods simple without a small subtriangular tooth
on inner Margin.........ocoeueveueeene. L. (E.) mandschreiensis Takakuwa, 1939
Terminal claw of female gonopods simple with a small subtriangular tooth on
INner Margin........ccceeeevveveeueuecinenenenenenenen. L. (E.) bidens Takakuwa, 1939
Terminal claw of female gonopods bipartite.........cccccouevrieeiinirneciiiinne,
................................... L. (E.) anasulcifemoralis Ma, Pei, Wu & Gai, 2013
Terminal claw of female gonopods not bipartite.........ccceeueueiririniirenennnee. 19
Terminal claw of female gonopods tridentate...........ccceveueueiininnecicininnnne,
................................................. L. (E.) zhui Pei, Ma, Shi, Wu & Gai, 2011
Terminal claw of female gonopods simple..........cccccoeiviviiiiciinininiecnnen. 20
Terminal claw of female gonopods simple without a small subtriangular teeth
ON iNner Margin.........coeeeveueueverereenenenen. L. (E.) giganteus Sseliwanoff, 1881
Terminal claw of female gonopods simple with a small subtriangular teeth on
inner Margin........ccooeueeiniciiiiiciniiiiecee L. (E.) datongensis sp. n.

Molecular analysis

Sequence characterisation. Alignment of the PCR fragment sequences from COI
showed that in the 613 bp there were 271 variable sites and 258 parsimony informa-
tive characters. The base composition of the fragments showed a strong bias of A + T
(29.0+32.3). The results of the substitution saturation test showed that the index of
substitution saturation 0.2562 (/ss) is significantly lower than the critical value of the
index of substitution saturation 0.7345 ([ss.c).

Genetic distance. Calculation of the distances (Table 3) between different spe-

cies showed that they ranged from 16.97% (Lithobius (Ezembius) giganteus! Lithobius
holsti) to 26.26% (Lithobius (L.) forficatus/ Lamyctes inermipes) with an average genetic
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AF334313.1  Anopsobius neozelanicus
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| DT6 L. (E.) datongensis sp. n
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Figure 3. Bayesian tree for the 26 sequences of Lithobiomorpha based on COI sequences. The Bayes-

ian posterior probabilities from Bayesian analyses are presented above the main branches. The scale bar

represents substitutions per site.

distance of 20.32%. The five sequences of Lithobius (Ezembius) longibasitarsus sp. n. are
identical. There is only one nucleotide change in Lithobius (Ezembius) datongensis sp. n.
Uncorrected p-distances to the outgroup ranges from 16.64% to 21.70%.
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Phylogenetic relationship. Bayesian inference (BI) analysis (Figure 3) reveal that
Lithobiomorpha shows a split between Lithobiidae and Henicopidae with posterior
probabilities 94%. The monophyly of Ezembius is supported with bootstrap values of
56%. The monophyly of Paralamyctes is supported by the COI data, with posterior
probabilities of 100%. The genus Australobius was placed in the basal position as the
sister to the rest of Lithobiidae, which includes the two subfamilies Lithobiinae and
Ethopolyinae.

Discussion

Both molecular analysis (Figure 3) and morphology support that the two new species
belong to the subgenus Ezembius. The subgenus Ezembius (sensu Eason 1986, 1992)
has an Asiatic distribution which extends from the Urals across Siberia and central
Asia to China, Japan, and Alaska, southwards into the northern Indian subcontinent
and the northern part of the oriental region, and the southwest extremity to Israel and
neighbouring areas (Eason 1992, Negrea 2005).

The intraspecific distance (less than 1%), is significantly less than interspecific dis-
tance (more than 10%), so the COI can be used for species identification. The intraspe-
cific genetic polymorphism of Lithobius (E.) longibasitarsus sp. n. and Lithobius (E.)
datongensis sp. n.) is very low and could indicate weak migration and diffusion capacity
with strong natural selection. Assuring the monophyly and interrelationships of the
many genera and subgenera belong to Lithobiidae needs further intensive study includ-
ing more diverse sampling and molecular evidence, the direction of our future effects.
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Appendix |

Table 4. Species used for CO1 sequence analysis, sequence references, GenBank accession numbers,
voucher, and locality. ZSM = Zoologische Staatssammlung Miinchen, Germany; AM KS = Australian
Museum; MCZ = Museum of Comparative Zoology, Harvard University; SMNG= Senckenberg Mu-
seum of Natural History.

Taxa ‘ Sequence reference ‘ GenBank No. ‘ Voucher ‘ Locality
Lithobiidae
Lithobiinae
Lithobius (Monotarsobius) crassipes Voigtlinder et al. MF123710.1 | SMNG VNR 17281-1 France,
2017
Lithobius (L.) forficatus Voigtlinder et al. MF123702 | SMNG VNR 17150-2 | Germany
2017
Lithobius (L.) variegatus rubriceps | Murienne et al. 2010 | AF334311 MCZ DNA100283 Spain
Lithobius (L.) castaneus Murienne et al. 2010 | HM453305 MCZ DNA103939 Italy
Lithobius (Ezembius) giganteus Murienne et al. 2010 | HM453306 MCZ DNA101089 | Kazakhstan
Lithobius (E.) longibasitarsus sp. n. this paper MHO05602 GHo04 China
Lithobius (E.) longibasitarsus sp. n. this paper MHO05603 GHO5 China
Lithobius (E.) longibasitarsus sp. n. this paper MHO05604 GHO03 China
Lithobius (E.) longibasitarsus sp. n. this paper MHO05605 GHO11 China
Lithobius (E.) longibasitarsus sp. n. this paper MHO05606 GHO06 China
Lithobius (E.) datongensis sp. n. this paper MHO05607 DT4 China
Lithobius (E.) datongensis sp. n. this paper MHO05608 DT6 China
Lithobius (E.) datongensis sp. n. this paper MHO05609 DT5 China
Lithobius (M.) holsti Murienne et al. 2010 | HM453307 MCZ DNA102106 Japan
Australobius scabrior Giribet and DQ201428 Australia
Edgecombe 2006
Ethopolyinae
Eupolybothrus tridentinus Stoev et al. 2013 JN269950.1 | BC ZSM MYR 00430 Croatia
Bothropolys xanti Murienne et al. 2010 | HM453308 Bmultide USA
Henicopidae
Anopsobiinae
Anopsobius neogelanicus Edgecombe et al. AF334313.1 AM KS 57958 New Zealand
2002
Henicopinae
Henicopini
Henicops maculatus Edgecombe and AF334316.1 AM KS 57962 Australia
Giribet 2003
Lamyctes coeculus Edgecombe and AF334315.1 MCZ DNA100288 Australia
Giribet 2003
Lamyctes emarginatus Voigtlinder et al. KX442654.1 | ZSM-JSP120527-016 | Germany
2017
Lamyctes inermipes Edgecombe and AY214425.1 MCZ DNA100478 Argentina
Giribet 2003
Lamyctes hellyeri Edgecombe and AY214428.1 MCZ DNA100639 Australia
Giribet 2003
Paralamyctes () harrisi Edgecombe et al. AF334320 AM KS 57971 New Zealand
2002
P (Thingathinga) validus Edgecombe et al. AF334330 AM KS 57969 New Zealand
2002
Zygethobiini
Cermatobius japonicus Edgecombe et al. AF334332 MCZ 28612 Japan
2002
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Abstract
Lobonychium palpiplus Roewer, 1938, originally reported from Indonesian Borneo, is redescribed based on
the specimens from Malaysia. The genitalia of this species are described for the first time and a new genital

terminology is proposed. The rediscovery expands the known distribution of the species to Malaysian Borneo.

Keywords
Arachnida, harvestmen, genitalia, functional morphology, taxonomy, Indonesia

Introduction

The monotypic epedanid genus Lobonychium Roewer, 1938 was previously known
from three specimens of the nominate species L. palpiplus Roewer, 1938, collected in
the area of Pontianak (Kalimantan Barat, Indonesia, island of Borneo). The species is
peculiar in having seven ventral and medial setiferous tubercles on the femur of the
pedipalp and basal lobes on the claw of tarsi III and IV. The types are deposited in
the Naturmuseum Senckenberg, Sektion Arachnologie, Frankfurt am Main, Germany.
Except for the original description, the genus and species have not been mentioned in
the literature during the past eighty years.

Copyright C. Zhang, |. Martens. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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In February 2017, the senior author was able to re-examine the type specimens.
Moreover, Malaysian Borneo, to the north of the type locality, was visited in October
2015 and May 2017 and several specimens (male and female) of L. palpiplus were col-
lected. The newly discovered Lobonychium specimens are redescribed and illustrated.

The functional morphology of the male genitalia has been elaborated in some
Laniatores families, e.g., Assamiidae Serensen, 1884; Biantidae Thorell, 1889; Fis-
siphalliidae Martens, 1988; Phalangodidae Simon, 1879; Podoctidac Roewer, 1912;
Stygnommatidae Roewer, 1923; Zalmoxidae Serensen, 1886, etc. (Martens 1986,
1988; Ubick and Briggs 1992; Kury and Pérez-Gonzélez 2002; Schwendinger 2006; Pé-
rez-Gonzédlez 2007). In order to improve the morphological knowledge of Epedanidae
Serensen, 1886 we describe for the first time the expanded and unexpanded male
genitalia.

Materials and methods

Taxonomic methods follow the outline proposed by Acosta et al. (2007). The type
material of Lobonychium is preserved in 70% denatured ethanol, and the specimens
were examined under a Leica MZ16 at the Senckenberg Museum, Frankfurt, Germany
(SMF). Non-type specimens were preserved in 75% ethanol, examined and drawn un-
der a Leica M205A stereomicroscope. Photographs were taken using a Leica M205A
stereomicroscope equipped with a DFC450 CCD. The male genitalia were placed first
in hot lactic acid, then transferred to distilled water to expand the movable parts for
observation (Schwendinger and Martens 2002). The terminology of genital structures
follows Macias-Ordéfiez et al. (2010), and the macrosetae terminology follows Kury
and Villarreal (2015). Non-type material is deposited in the Museum of Hebei Univer-
sity, Baoding, China (MHBU). All measurements are given in mm.

Taxonomy

Epedanidae Sorensen, 1886
Epedaninae Sorensen, 1886

Lobonychium Roewer, 1938

Lobonychium Roewer, 1938: 125.

Type species: Lobonychium palpiplus Roewer, 1938, by monotypy.
Etymology. The name Lobonychium is derived from the Greek 10fdg, meaning
lobe of the ear, and the Latinized Greek onyx (genitive onychos), meaning claw.
Diagnosis. Body, including ocularium, unarmed. Basichelicerite and tibia
II elongate. Basichelicerite dorsally with conspicuous granules. Femur of pedi-
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palp ventrally with a row of seven setiferous tubercles. Distitarsus I with two tar-
someres, distitarsus II with three. Double claws of tarsi III-IV with basal lobes,
untoothed; no scopula. Ventral plate of penis forming a heart-shaped stereoscopic
structure (ventral view, Fig. 28). Glans partially sunken into dorsally depressed
portion of pars distalis (Fig. 26). Stylus with capsula interna sunken into capsula
externa (Fig. 27).

Sexual dimorphism. Tibia II in male distended at distal portion, but normal in female.

Remarks. Within the subfamily Epedaninae, Lobonychium is morphologically
similar to Epedanidus Roewer, 1943, Metepedanulus Roewer, 1913, and Zepedanulus
Roewer, 1927 in having an unarmed body. Besides, Lobonychium and Caletorellus
Roewer, 1938 have characteristic basal lobes or medial branches on double claws of
tarsi III-IV (Roewer 1938: 125, 129, fig. 4 b—d). However, Lobonychium is noticeably
distinct from these epedanids by the pedipalp femur, medially with a row of seven
setiferous tubercles.

Distribution. The type locality is at or near the city of Pontianak (Fig. 36 A), In-
donesia. The new records are from Malaysia, at Trus Madi Mountain (Fig. 36 B) and
Kalabakan (Fig. 36 C).

Lobonychium palpiplus Roewer, 1938
Figs 1-34, 36

Lobonychium palpiplus Roewer, 1938: 125, fig. 44.

Type specimens. Male lectotype (SMF-5376-1201), here designated, labeled: “Lo-
bonychium palpiplus, male lectotype (SMF-5376-1201), designated by Chao Zhang
[handwritten]”.

All types (lectotype and two paralectotypes) from Pontianak [00°01'S, 109°20'E],
Borneo (West Kalimantan, Indonesia), deposited in the Senckenberg Museum Frank-
furt, Germany, labeled: “Arachn. Coll. Roewer — Lfd. No. 5376, Opil: Epedaninae No.
16, Lobonychium palpiplus Rwr [abbreviation for Roewer], 24'19, Borneo: Pontianak,
Typus, Roewer det. 1935” (Fig. 35) (examined).

Additional material examined. 14 (MHBU-Opi-20151208m) and 2%, (MHBU-
Opi-20151208f, MHBU-Opi-2015120801f), Malaysia: Sabah, Trus Madi Moun-
tain, about 1103 m alt. 05°25.637'N, 116°25.984'E, October 9, 2015, Z. Z. Gao
leg.; 19, Malaysia: Sabah, Trus Madi Mountain, about 1081 m alt. 05°26.111'N,
116°27.237'E, October 10, 2015, Z. Z. Gao leg.; 19, Malaysia: Sabah, Trus Madi
Mountain, about 760 m alt. 05°27.598'N, 116°26.936'E, October 12,2015, Z. Z. Gao
leg.; 19, Malaysia: Sabah, Kalabakan, about 330 m alt. 04°32.522'N, 117°10.020'E,
October 18, 2015, Z. Z. Gao leg.; 29, Malaysia: Sabah, Trus Madi Mountain, about
1121 m alt. 05°26.529'N, 116°27.309'E, May 1, 2017, C. Jin leg.; 1419, Malaysia:
Sabah, Trus Madi Mountain, about 1081 m alt. 05°26.111'N, 116°27.237'E, May 3,
2017, C. Jin leg.
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Redescription. Male (MHBU-Opi-20151208m) habitus as in Figs 1, 8-9, 31.
Coloration (Fig. 31): entire body rusty yellow, with somewhat dark brown to black-
ish brown patches on dorsum; median area of carapace with dark brown reticulations;
both lateral ridges of scutum with blackish brown stripes; opisthosomal region of scu-
tum banded with a dark brown outline; a dark brown band across posterior margin
of scutum; free tergites I-III each with a dark brown band; coxa with dark brown
reticulations; free sternites with transverse dark brown band; chelicerae and pedipalp
reticulated; trochanters of all legs pale yellow, femur, patella, tibia and metatarsus with
black reticulations, tarsus lighter.

Dorsum (Figs 8, 31). Scutum elongate in appearance, both sides straight, nearly
parallel, widest portion of body at scutal area IV, abdomen bluntly pointed posteriorly.
Carapace unarmed on lateral portion of anterior margin. Surface of dorsum smooth.
Ocularium low and oval, unarmed, removed from anterior border of scutum by 0.16
mm. Borders of opisthosomal scutum parallel to each other. Free tergites and anal
operculum unarmed.

Venter (Fig. 9). Surface of coxa I tuberculated, antero-dorsally with a coarse tuber-
cle, and a row of five tubercles on ventral surface. Coxa II with a row of small granules
on ventral surface. Coxae III and IV nearly smooth aside from a row of small teeth
on front and rear margins of coxa III. Genital operculum and free sternites with seta-
tipped granules. Spiracles clearly visible.

Chelicerae (Figs 2-5, 16). Basichelicerite elongate, with a slight bulla and armed
with two conspicuous granules at base of bulla, medial surface with a basal protuber-
ance (Figs 2, 3, 5). Cheliceral hand with some greater seta-tipped tubercles. Fingers
relatively short, inner edges toothed (Fig. 4): moveable finger and fixed finger with
eight crested teeth, respectively.

Pedipalpi (Fig. 6). Coxa dorsally with one small tubercle near distal margin. Tro-
chanter ventrally with one setiferous tubercle and dorsally with one small tubercle.
Femur ventrally with a row of seven setiferous tubercles of even size and spirally ar-
ranged from base to distal end on medial side; dorsally with many low conical tuber-
cles along entire length. Patella ventro-mesally with two long and one short setiferous
tubercles, and ventro-ectally with one long and one short setiferous tubercles. Tibia
ventro-mesally with three setiferous tubercles, and ventro-ectally with four setiferous
tubercles. Tarsus with three setiferous tubercles on each side of ventral surface. Tarsal
claw curved, approximately same length as tarsus.

Legs (Figs 10-15). Slender and long. All segments unarmed, nearly smooth. Fem-
ora I-IV not curved, almost straight. Tibia II distended at distal portion, conspicuously
longer than tibiae I, IIl and IV (Figs 12—15). Distitarsus I with two (Fig. 10), distitarsus
IT with three tarsomeres. Distitarsi III-IV without scopula. Each claw of tarsi III-IV
with one basal lobe nearly circular in shape (Fig. 11). Tarsal formula (I-IV): 7/19/7/7.

Penis (Figs 23-30). Shaft slender, nearly parallel-sided, then distended towards
apical portion (pars distalis). Ventral plate inflated, hollow on inner side, forming a
heart-shaped stereoscopic ventral frame (ventral view, Fig. 28) (Figs 27, 30). Glans par-
tially sunken into dorsal depressed portion of pars distalis (Fig. 26). Prior to inflation
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Figures 1-7. Lobonychium palpiplus Roewer, 1938, male (MHBU-Opi-20151208m) (1-6), female
(MHBU-Opi-20151208f) (7) | Body, lateral view 2 Left chelicera, medial view 3 Same, ectal view 4
Cheliceral fingers, frontal view 5 Basal segment of left chelicera, dorsal view 6 Left pedipalp, medial view

7 Right pedipalp, medial view. Scale bars: Imm (I, 6=7); 0.5 mm (2-3, 5); 0.25 mm (4).
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Figures 8-22. Lobonychium palpiplus Roewer, 1938, male (MHBU-Opi-20151208m) (8-16), female
(MHBU-Opi-20151208f) (17-22) 8 Body, dorsal view 9 Same, ventral view 10 Right tarsus I, retro-
lateral view I'l Distal segment of right tarsus III, retrolateral view 12=15 Patellac and tibiae of left legs,
prolateral view 12 Leg I 13 Leg II 14 Leg III 15 Leg IV 16 Basal segment of right chelicera, dorsal view
17 Body, dorsal view 18 Right chelicera, ectal view 19 Cheliceral fingers, frontal view 20 Basal segment of
left chelicera, ectal view 21 Patella and tibia of left leg II, prolateral view 22 Ovipositor, ventral view. Scale

bars: 1 mm (8-=9, 12-15,17,21); 0.5 mm (10, 16, 18,20); 0.25 mm (11, 19,22).
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Table I. Pedipalp and leg measurements (mm) of Lobonychium palpiplus Roewer, 1938, male, length/width.

Trochanter Femur Patella Tibia Metatarsus Tarsus Total
Pedipalp 0.32/0.28 1.47/0.20 0.97/0.19 0.77/0.18 0.71/0.14 4.24
Legl 0.35/0.18 1.72/0.14 0.46/0.18 1.38/0.11 2.21/0.05 1.33/0.03 7.45
Leg II 0.36/0.18 3.34/0.10 0.66/0.18 2.99/0.17 3.75/0.05 2.80/0.04 13.90
Leg III 0.37/0.24 2.20/0.15 0.64/0.25 1.23/0.17 2.63/0.10 1.24/0.07 8.31

Leg IV 0.37/0.24 2.90/0.15 0.61/0.25 1.52/0.17 3.56/0.10 1.44/0.07 10.40

Table 2. Pedipalp and leg measurements (mm) of Lobonychium palpiplus Roewer, 1938, female, length/width.

Trochanter Femur Patella Tibia Metatarsus Tarsus Total
Pedipalp 0.45/0.31 1.49/0.18 1.10/0.22  0.91/0.19 0.89/0.12 4.84
Leg I 0.37/0.19 1.62/0.10  0.48/0.18 1.36/0.10  2.20/0.06 1.34/0.04 7.37
Leg II 0.39/0.20  3.18/0.10  0.62/0.18  3.01/0.10  3.72/0.06  2.73/0.04 13.65
Leg III 0.42/0.26  2.13/0.12  0.54/0.26  1.28/0.16  2.54/0.09  1.10/0.06 8.01
Leg IV 0.42/0.26  2.88/0.12  0.54/0.26 1.61/0.16  3.41/0.09 1.43/0.06 10.29

Table 3. Numbers of tarsomeres of on legs of Lobonychium palpiplus Roewer, 1938. L left, R right tarsus.
Only one number is given when the specimen is symmetrical.

Specimen

number (n=10) Sex Legl LegII Leg III Leg IV
1 male 7 L19,R 21 7 7
2 female 7 L19,R 20 7 7
3,4 male and female 7 19 7 7
56 females 7 22 7 7
7,8 females 7 18 7 7
9 female 7 L18,R 21 6 7
10 female 7 21 7 7

of capsula externa (follis) (Fig. 30), stylus with capsula interna sunken into capsula ex-
terna (Fig. 27). Capsula externa dorsally and ventrally extended at distal end. Everted
capsula interna with a bifurcate ventral lobe distally. Stylus finger-shaped. Spination
symmetrical. One pair of setac A, C, D, and E. Two pairs of setae E Four pairs of setae
B (Figs 28-30).

Female (MHBU-Opi-20151208f) (Figs 7, 17-22, 32-34). Generally similar to
male except abdomen slightly wider than in male (Figs 17, 32). Tibia II conspicuously
longer than tibiae I, III and IV, but inconspicuously distended distally (Fig. 21). In-
ner edges of finger of chelicera toothed (Fig. 19): moveable finger with 12 teeth; fixed
finger with seven teeth. Tarsal formula (I-1V): 7/22/7/7.

Ovipositor (Fig. 22). Ventral surface with four setae and dorsal surface with six setae.

Measurements. Male (female): body 1.89 (2.74) long, 1.36 (1.64) wide at wid-
est portion, scutum 1.69 (1.76) long. Ocularium 0.19 (0.20) long, 0.37 (0.35) wide.
Proximal article of chelicera 0.69 (0.62) long, 0.24 (0.23) wide; second 0.89 (0.98)
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29 30

Figures 23-30. Lobonychium palpiplus Roewer, 1938 (MHBU-Opi-20151208m) 23 Penis, ventral view
24 Same, dorsal view 25 Same, lateral view 26 Distal part of penis, lateral view 27 cross-section through
glans and truncus at the marked point 28 Distal part of penis (expanded), ventral view 29 Same, dorsal
view 30 Same, lateral view. Abbreviations: CE capsula externa (follis) CI capsula interna G glans S stylus

VF ventral frame. Scale bars: 0.25 mm.
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Figures 31-34. Lobonychium palpiplus Roewer, 1938 Photographs of male (MHBU-Opi-20151208m)
and female (MHBU-Opi-20151208f) 31 Male body and parts of appendages, dorsal view 32 Female
body and parts of appendages, dorsal view 33 Same, lateral view 34 Same, ventral view. Scale bars: 1 mm

(Fig. 33); 0.5 mm (Figs 31-32, 34).

long, 0.26 (0.26) wide; distal 0.40 (0.44) long, 0.09 (0.08) wide. Pedipalp claw 0.64
(0.63) long. Penis 0.88 long. Measurements of pedipalp and legs as in Tables 1, 2.

Habitat. The specimens were collected by leaf litter sieving in dark moist places
under dense forest canopy.

Variation. The collection examined contains ten specimens, two males and
eight females. The male (MHBU-Opi-20151208m) and the female (MHBU-Opi-
20151208f) described here are asymmetrical in the position of granules on the left
(Figs 5, 20) and right (Figs 16, 18) basichelicerites of chelicerae. Another male body
1.96 long, 1.21 wide at the widest portion, scutum 1.68 long. Size range of other fe-
males (n=7) as follows minimum (maximum in parentheses): body 2.20 (2.70) long,
1.59 (1.76) wide at the widest portion, scutum 1.72 (1.89) long. The variations in the
number of segments in the tarsus are shown in Table 3.

Distribution. Indonesia (Pontianak), Malaysia (Trus Madi Mountain, Kalabakan).

Remarks. The three type specimens have not been dissected and are in good con-
dition, with all appendages attached. The original description of the types by Roewer
(1938) corresponds more-or-less to the morphology of the type specimens except
for few minor characters, e.g., the male tibia II is distended at its distal portion, the
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Figure 35. Original label with Roewer’s handwriting of the type series of Lobonychium palpiplus Roewer,
1938.
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Figure 36. Distribution of Lobonychium palpiplus Roewer, 1938 in Borneo. A type locality B Trus Madi
Mountain C Kalabakan.

presence of one short setiferous tubercle ventro-mesally on the pedipalpal patella, the
minimum numbers of the tarsomeres II and III are 18 and 6, respectively, and the

smaller male body (1.89-1.96).
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Additionally, the localities of the new records from Malaysia are at most about 120
km apart. The distance between the recorded type locality (Indonesian part of Borneo)
and the new localities (Malaysian part) is nearly 1000 km (Fig. 36).

According to the drawings presented by Suzuki (1969: 30, fig. 19 E; 1977: 19, fig.
6 F-G; 1981: 268, fig. 1B—C) the male genital morphology of Epedanidae seems to
be quite homogeneous and little functional variation has been documented to date.
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Abstract

The semi-pelagic gastrotrich species Haltidytes ooéides (Brunson, 1950) is redescribed based on original
type material deposited at the Smithsonian National Museum of Natural History. Herein we present a
new diagnosis and figures of the species, detailing the insertion position of the lateral spines, misinter-
preted in the original description. Furthermore, we reassess the taxonomic key for the genus Haltidytes
Remane, 1936 based on our new findings.

Keywords
Chaetonotida, Dasydytidae, Gastrotricha, Haltidytes, USA

Introduction

While most gastrotrichs are epibenthic, periphytic, or interstitial, some species belong-
ing to the family Dasydytidae Daday, 1905 present a semi-pelagic lifestyle (Kieneke et
al. 2008, Balsamo et al. 2014, Kanneby and Todaro 2015). Seven genera are currently
assigned to Dasydytidae, including the genus Haltidytes Remane, 1936 recently found
as monophyletic (Minowa and Garraffoni 2017). Haltidytes was originally established
as a subgenus of Dasydytes Gosse, 1851 by Remane (1936), who then elevated it to a
genus rank (Remane, 1967). Currently, the genus Haltidytes contains six valid species
(Minowa and Garraffoni 2017): H. festinans (Voigt, 1909) (type species), H. crassus
(Greuter, 1917), H. ooéides (Brunson, 1950), H. saltitans (Stokes, 1887), H. squamosus
Kisielewski, 1991, and H. pseudosquamosus Minowa & Garraffoni, 2017.

Copyright Axell K. Minowa,André R. S. Garraffoni. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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While preparing a forthcoming study incorporating phylogenetic analyses of all
valid Dasydytidae species based on morphology (Minowa and Garraffoni, in prepara-
tion), we came across the possible type specimen of Haltidytes ooéides (Brunson, 1950),
originally described as Dasydytes ooéides (USNM W 26869S). Although Brunson (1950)
had not designated any type specimen, the locality and sampling date (Michigan State,
Washtenaw County, Half-Moon Lake; May, 30, 1944) registered in the Smithsonian
Data Base are the same as those reported in the Brunson’s study. It came as a surprise to
us that after more than 75 years the specimen is still preserved. Due to small size and
fragile bodies, fixed specimens of gastrotrichs usually have their diagnostic morphologi-
cal characters deteriorated after fixation (e.g. Balsamo et al. 2014, Kénneby 2016, Gar-
raffoni and Freitas 2017). It is interesting to highlight that we also found the possible
type specimen of Szylochaeta scirtetica Brunson, 1950 (USNM W 26870), but in this
case, the material is in a poor condition and could not be used for a reanalysis.

Materials and methods

Herein we redescribe Haltidytes ooéides based upon a single type material deposited
at the Smithsonian National Museum of Natural History. External morphology was
observed using an Olympus BX63F compound fluorescence microscope with a digital
DP80 camera and cellSens software (Olympus, Philadelphia, USA). Videos were pre-
pared using the open-source platform Fiji (Schindelin et al. 2012). The necessity for a
re-examination was caused by the shallow description by Brunson (1950), who only
briefly reported and illustrated a few morphological features of the new species. This
need was further noted by Balsamo et al. (2014), suggesting a misinterpretation of the
insertion positions of the lateral spines. In the redescription of the species, the groups
of spines are coded according to Kisielewski (1991).

Taxonomic account

Phylum Gastrotricha Metschnikoff, 1865

Order Chaetonotida Remane, 1925 [Rao & Clausen, 1970]
Family Dasydytidae Daday, 1905

Genus Haltidytes Remane, 1936

Haltidytes ooéides (Brunson, 1950)
Figs 1, 2

Redescription. The observed specimen has a compact, bowling pin-shaped body,
measuring 88 um in total body length, 184 um with spines included. Conical
head with convex sides (24 pm wide), pentalobate, dorsally with a middle furrow
(Figure 1D). Cephalic ciliature consists of two lateral tufts, one adjacent to mouth and
another slightly posterior, and a transverse band interrupted medially in the ventral
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Figure 1. Light micrographs (DIC) of Haltidytes ooéides (Brunson, 1950). A dorsal view, B=C ventral
view showing the insertion of trunk spines D dorsal view of the head E-F ventral view of the head. Aster-
isks (*) indicate the body cuticle. Scales bars: A=C 50 pm, D=F 25 um. Abbreviations: alt anterior lateral
ciliary tuft att anterior locomotory ciliation tuft ce cephalion, hy: hypostomion mf middle furrow mlt

mediolateral ciliary tuft mo mouth plb posterior lateral ciliary band ptt posterior locomotory ciliation
tuft tb1-2 trunk spines tc1-2 trunk spines td trunk spines.

and dorsal portion on middle head region (Figures 1E, 2C, D). Kephalion, trapezoidal
in shape (9 pm length, 13 pm wide) (Figures 1D, 2C), hypostomion, triangular in
shape (5 um length, 8 um wide) located around the ventral portion of the mouth ring
(Figures 1E 2D). Distinct neck constriction (17 um wide), much narrower than the
head and trunk. Trunk ovoidal in shape (42 pm in maximum width) with a rounded
posterior end (Figure 1A).

Cephalic spines or rear spines not observed. On the anterior half of the trunk four
paired groups of 2-2-2-1 curved simple spines (tal-2, tb1-2, tcl-2, td) respectively,
inserted directly on the cuticle without scales (Figs 1B, C, 2A-D). The first group (tal
at U32; ta2 at U35) inserted ventrolaterally at the neck base strongly bends dorsally at
the neck level showing a slightly (almost straight) concave curvature extending all over
the trunk (Figure 2B). The other three groups (tb, tc and td) are inserted ventrally at
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Figure 2. Light micrographs (DIC) and redrawing of the schematic drawing of Haltidytes ooéides (Brun-
son, 1950). A whole animal view B redrawing of the schematic drawing of the original description C the
same image of A in which the arrangement of the trunk spines is highlighted D schematic drawing of the
dorsal view E schematic drawing of the ventral view. Scales bars: 50 pm. Abbreviations: alt anterior lateral
ciliary tuft att anterior locomotory ciliation tuft cd caudal bristle ce cephalion hy: hypostomion mlt me-
diolateral ciliary tuft mo mouth ph pharynx plb posterior lateral ciliary band ptt: posterior locomotory
ciliation tuft tal-2 trunk spines tb1-2 trunk spines tc1-2 trunk spines td trunk spines.
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U32, U35, U38, U40, U46, U50, and UGO, respectively (Figure 1 B-C, 2 B). Spines
tb2 turn dorsally like spines ta. Spines tb1, tc1-2, and td show a slight convex curvature
and extend ventrally along the trunk, (Figure 2B). Spines of ta to tc group measure
100, 90, 75, 90, 82, 80 um respectively. Group td is composed of one pair of very long
saltatorial spines, 140 pm in length.

Trunk locomotory ciliation divided into 2-paired ventral tufts at 15U and 93U
on the ventral side of at the neck and posterior trunk, respectively (Figure 2C, D). No
dorsal sensory bristles were observed.

Mouth ring is terminal (3 pm in diameter). Pharynx (33 pm in length) increases in
width uniformly from 9 pm anteriorly to 11 pm at the posterior end) (Figure 1A, D, F).

Remarks. Usually, the trunk width is given as the maximum trunk widthwhich is
at the midgut level. In this case, the type specimen H. ooéides is 42 um wide. However,
Brunson (1950) measured the trunk width posterior to the midgut level (close to the
posterior end of the body) and found it to be 36 pm wide.

Differences in spines length between the original description and the present one
(Table 1) are due to different measurement methods. We chose to measure each spine
length outlining its curvature (100, 90, 75, 90, 82, 80 um respectively) instead of

Table |. Morphometric features of Haltidytes ooéides (Brunson, 1950): measures are expressed in pm; the
relative positions of morphological structures along the body are expressed in percentage unities (U) in
relation to the total body length.

Feature type Measure (um)
Total body length, spines excluded 88
Total body length, spines included 184
Maximum head width) (U17) 24
Minimum neck width (pm) (U30) 17
Maximum trunk width (pm) (U65) 42
Trunk length (um) 60
Pharynx length (um) 33
Anterior pharynx width (um) 9
Posterior pharynx width (um) 11
Diameter of mouth ring (um) 3
Kephalion length (um) 9
Kephalion width (um) 13
Hypostomion length (um) 5
Hypostomion width (pm) 8
Spine tal-2 length (um) 100, 90
Spine tb1-2 length (um) 75, 90
Spine tc1-2 length (um) 82, 80
Spine td length (um) 140
Ventral spine tal-2 insertion U32, U35
Ventral spine tb1-2 insertion U38, U40
Ventral spine tc1-2 insertion U46, U50
Ventral spine td insertion (U) U60
Cephalic ciliary tufts insertion (U) U1, U4, U8
Ventral trunk ciliary tufts insertion (U) U15, U93
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measuring the distance between the spine base insertion and apex as a straight line, as
Brunson (1950) did (86, 86, 67, 82, 82 and 58 pm, respectively).

Additionally, the original description mentions a pair of caudal bristles (Figure 2C)
that originate 10 um from the posterior end of the trunk. After reexamination of the
type specimen (Figure 2A, B-D) we conclude that Brunson (1950) may have misin-
terpreted these structures. In fact, our observations revealed that the caudal bristles
described by Brunson (1950) actually are the tal spines, due to their similar position
relative to the posterior trunk, size and shape (Figure 2A, B).

As previously mentioned, the description of some morphological characters of H.
ooéides were misinterpreted by Brunson (1950) and incorrectly replicated by Balsamo
et al. (2014) and Minowa and Garraffoni (2017). We address this issue by correcting
the taxonomic key Haltidytes in order to correct previous misinterpretations.

Taxonomic key to genus Haltydytes

1 Seven pairs of spines with ventral insertion besides td (saltatorial spines) ....2
- Six or fewer pairs of spines with ventral insertion besides td (saltatorial
SPINES) vttt ettt ettt ettt 4
2 Dorsal trunk totally or partially covered with rhombic scales arranged sparse-
ly Or ag@regate.....ccovuiuiiiiiiiiiiic 3
Dorsal trunk without scales.........coeeiiininniiiiiiniicccne, H. festinans
3 Dorsal scales arranged sparsely; dorsal trunk covered with rhombic scales
with a short median keel or smooth; ventral trunk covered with small smooth
SCALES ...t H. squamosus
- Dorsal scales aggregate; median and rear dorsal trunk covered with smooth,
rhombic scales; ventral trunk without scales................ H. pseudosquamosus
4 Anterior spines (ta) cross each other above dorsal trunk............. H. saltitans
— Anterior spines (ta) do not cross each other above dorsal portion of the
EEUNK oo 5
5 Ventral ciliature consisting of 2 tufts; 3 pairs of spines arrive to the dorsum
while 3 other spines remain ventral besides td group.................... H. oéeides
- Ventral ciliature consisting of 2 longitudinal bands; all 5 pairs of spines arrive
to the dorsum; only td group remain on venter..........c.coceeueuenenene. H. crassus
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Abstract

In addition to one of the two species of Trichopolydesmidae hitherto recorded from Cameroon, Poly-
desmus integratus Porat, 1894, which is revised based on type material and shown to represent the genus
Hemisphaeroparia Schubart, 1955, comb. n., 12 new species from the same genus are described from that
country: H. zamakoe sp. n., H. bangoulap sp. n., H. spiniger sp. n., H. ongor sp. n., H. digitifer sp. n., H.
parva sp. n., H. fusca sp. n., H. bonakanda sp. n., H. bamboutos sp. n., H. subfalcata sp. n., H. falcata
sp. n. and H. mouanko sp. n. A key to all 13 species (of Hemisphaeroparia) known to occur in Cameroon
is presented, and their distributions are mapped. All ten recognizable (but excluding two dubious) Afro-
tropical genera or subgenera of Trichopolydesmidae are rediagnosed and reclassified, based both on their
type species and a presumed scenario of gonopodal evolution. As a result, the number of accepted genera
is reduced to five: Sphaeroparia Attems, 1909 (= Megaloparia Brolemann, 1920), Physetoparia Brolemann,
1920 (= Elgonicola Attems, 1939, syn. n., = Mabocus Chamberlin, 1951, syn. n., = Heterosphaeroparia
Schubart, 1955, syn. n.}, Eburodesmus Schubart, 1955, Mecistoparia Brolemann, 1926 (= Dendrobrachy-
pus Verhoefl, 1941, syn. n.), and Hemisphaeroparia.

Copyright S. I. Golovatch et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.



50 S. I Golovatch et al. | ZooKeys 785: 49-98 (2018)
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taxonomy Trichopolydesmidae

Introduction

The millipede family Trichopolydesmidae, not long ago largely referred to as Fuhrman-
nodesmidae, a group that mainly included tropical taxa (e.g., Hoffman 1980, Golo-
vatch 1994, Mauri¢s and Heymer 1996) as opposed to the originally Mediterranean
Trichopolydesmidae, presently contains ca. 140 species from ca. 75 genera, mainly
across the Northern Hemisphere, both temperate and, especially, tropical (Golovatch
2013, Golovatch and Enghoff 2015). Even after the resurrection of the small and
mainly Nearctic family Macrosternodesmidae from synonymy to Trichopolydesmidae,
as recently proposed by Shear and Reddell (2017), the diversity of trichopolydesmids
in the restricted sense remains impressive.

Apparently because of the small to very small bodies (3-20 mm long), regional
tropical faunas of Trichopolydesmidae are particularly poorly known. This fully applies
to the Afrotropical realm which, based on the latest review of the mainland fauna (Mau-
ries and Heymer 1996) and updated here using the available information about adjacent
insular faunas (Golovatch and Korsés 1992, Mauri¢s and Geoffroy 1999, Golovatch
and Gerlach 2010), contains only two accepted genera (Bactrodesmus Cook, 1896 and
Sphaeroparia Attems, 1909) and ca. 40 species. Quite a few of these species still remain
obscure, e.g., Sphaeroparia? sp. from the Seychelles (Golovatch and Korsés 1992, Golo-
vatch and Gerlach 2010) or several Mauritacantha spp. from the Reunion (= Mauritius)
Island (Mauri¢s and Geoffroy 1999). The same also concerns Polydesmus integratus Porat,
1894 and P parvulus Porat, 1894, both from unknown localities and both representing
the only species of Trichopolydesmidae hitherto reported from Cameroon (Porat 1894).

The present paper puts on record most of a rich fresh collection of Trichopolydes-
midae from Cameroon, provides the results of a revision of the sole male type of P in-
tegratus and thus seriously updates the fauna of this family not only in the country, but
in entire Africa. Unfortunately, the type series of P parvulus, which also contained male
material (Porat 1894), remains unavailable for restudy, apparently being misplaced in
the Stockholm Museum. A new generic classification of the Afrotropical trichopoly-
desmids is also proposed, a key to and a map of all trichopolydesmids currently known
to occur in Cameroon are also given.

Material and methods

Most of the material treated here derives from the collection of the Musée Royal de
IAfrique Centrale (MRAC), Tervuren, Belgium, with only a few duplicates retained
for the collections of the University of Yaounde 1 (UY1) and the second author
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(ARNF), Cameroon or donated to the Zoological Museum, State University of Moscow
(ZMUM), Russia, as indicated below. The samples are stored in 70% ethanol. Speci-
mens for scanning electron microscopy (SEM) were air-dried, mounted on aluminium
stubs, coated with gold and studied using a JEOL JSM-6480LV scanning electron mi-
croscope. The colour pictures were taken using the focus stacking setup described by
Brecko et al. (2014). Canon EOS Uitility software was used to control the camera.
Zerene Stacker was applied for stacking the individual pictures into one ‘stacked image’.

The abbreviations used to denote gonopodal structures are explained directly in the
text and figure captions.

A generic reclassification of Afrotropical Trichopolydesmidae

The high number of generic categories (12 genera or subgenera, see below) to adopt
some 35 species recorded throughout continental tropical Africa (Mauries and Heymer
1996) is likely evidence of the poor state of the art. One more genus, Mauritacantha
Verhoeft, 1939, from Mauritius, remains invalid as no proper typification has ever
been done (Verhoeff 1939). The suggestion by Maurié¢s and Geoffroy (1999) of Mauri-
tacantha lawrencei Verhoeff, 1939 as a potential type species of this genus is not a valid
act of typification and is thus to be ignored.

The following nomenclaturally available generic or subgeneric names have been
suggested to accommodate the Afrotropical Trichopolydesmidae, arranged below in
alphabetic order and followed by their brief descriptions and gonopodal characters
(Figs 1, 2), as well as provenance, all this derived from the original descriptions of their
type species alone.

Bactrodesmus Cook, 1896

Type-species. Bactrodesmus claviger Cook, 1896, by subsequent monotypy; Liberia.

The genus was first proposed as a nomen nudum (Cook 1896a), but then properly
typified (Cook 1896b). The sole useful information contained in the original descrip-
tion of B. claviger concerns its small size (7 mm long, 1 mm wide), typically mi-
cropolydesmid facies (small paraterga, large and clubbed tergal setae arranged in three
transverse rows etc.), strongly enlarged gonocoxae that fully conceal the telopodites
and, above all, male legs 2, especially their tibiae, greatly enlarged compared to others
(Cook 1896b). No number of body segments has been given.

Dendrobrachypus Verhoeff, 1941

Type-species. Dendrobrachypus pusillus Verhoeff, 1941, by monotypy; Fernando Po.
Twenty segments (male, female), body length 5-5.5 mm. Male head without epi-
cranial modifications. Paraterga moderate, tergal setae medium-sized and bacilliform.
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Figure 1. Gonopods of the type species of some African Trichopolydesmidae. A Sphaeroparia minuta
Attems, 1909 (after Attems 1909) B Sphaeroporia (Megaloparia) lignivora Brolemann, 1920 (after Brole-
mann 1920) C Sphaeroparia (Physetoparia) imbecilla Brolemann, 1920 (after Brolemann 1920) D El-
gonicola jeanneli Attems, 1939 (after Attems 1939) E, F Mabocus granulifer Chamberlin, 1951 (after
Kraus 1958). Reproduced not to scale. Abbreviations: ab apical branch of telopodite, bb basal branch of

telopodite, fl flagellum, lo lobe, sl solenomere, pu pulvillus.

Gonopodal coxa very large, concealing most of telopodite; the latter’s apical part with
only one branch (ab); seminal groove simple and rather long, ending subapically on a
long solenomere (sl) (Figure 2D).

Eburodesmus Schubart, 1955

Type-species. Eburodesmus erectus Schubart, 1955, by original designation; Guinea,
Cote d’Ivoire.
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Figure 2. Gonopods of the type species of some African Trichopolydesmidae. A Heterosphaeroparia-
villiersi Schubart, 1955 (after Schubart 1955) B, € Mecistoparia lophotocrania Brolemann, 1926 (after
Brolemann 1926) D Dendrobrachypus pusillus Verhoeff, 1941 (after Verhoeft 1941) E Eburodesmus erectus
Schubart, 1955 (after Schubart 1955) F, G Hemisphaeroparia cumbula Schubart, 1955 (after Schubart
1955). Reproduced not to scale. Abbreviations: ab apical branch of telopodite, bb basal branch of telopo-

dite, cp coxal process, lo lobe, sl solenomere.

Twenty segments (male, female); body length; 5.5-6 mm. Male head without
epicranial modifications. Paraterga modest, tergal setae medium-sized and bacilliform.
Gonopodal coxae very large; gonocoel very deep, each coxa apically with an evident
process (cp) directed mesally; seminal groove forming a very clear loop before run-
ning onto a long and simple solenomere (sl); apical branch (ab) of telopodite forming
a strong finger directed basad; middle part with a long straight process (bb) directed
apicad (Figure 2E).
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Elgonicola Attems, 1939

Type-species. Elgonicola jeanneli Attems, 1939, by original designation; Uganda.

Twenty segments (male, female); body length 8 mm. Male head without epicra-
nial modifications. Paraterga moderate, tergal setae very long, slender and bacilliform.
Gonopodal coxae very large, gonocoel deep, concealing most of telopodite; seminal
groove short and straight, ending subapically on a short solenomere (sl); apical part
of telopodite with two small branches (ab and bb), one of which (ab) a slender hook
(Figure 1D).

Hemisphaeroparia Schubart, 1955

Type-species. Hemisphaeroparia cumbula Schubart, 1955, by original designation;
Guinea, Cote d’Ivoire.

Twenty segments (male, female); body length 3.5-4 mm. Male head without epi-
cranial modifications. Paraterga moderate, tergal setae medium-sized and bacilliform.
Gonopodal coxae very large, gonocoel deep, concealing most of telopodite; seminal
groove short, ending on a simple finger-shaped solenomere (s); telopodite basically
tripartite, with a large, central, sac-shaped part and two slightly higher, subflagelliform,
adjacent, lateral branches (ab and bb) (Figure 2E G).

Heterosphaeroparia Schubart, 1955

Type-species. Heterosphaeroparia villiersi Schubart, 1955, by original designation;
Guinea, Cote d’Ivoire.

Twenty segments (male, female); body length 5-6 mm. Male head without epicranial
modifications. Paraterga relatively well developed, tergal setae long and bacilliform. Go-
nopodal coxae large, each with an evident apical process (cp) laterally, gonocoel shallow,
leaving most of telopodite exposed; seminal groove rather short and straight, ending on a
simple, long, finger-shaped solenomere (sl); telopodite basically bipartite with two sube-
qual, high, ribbon-shaped processes/branches (ab and bb) distal to solenomere (Figure 2A).

Mabocus Chamberlin, 19