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Abstract 21 

The millipede genus Thyropygus Pocock, 1894 is one of the most diverse genera within the 22 

family Harpagophoridae in Southeast Asia. The Thyropygus opinatus subgroup, belonging to the 23 

T. allevatus group, is distinguished by the presence of an additional projection on the anterior 24 

coxal fold. Here, we describe a new species of the T. opinatus subgroup, Thyropygus payamense 25 

sp. nov., from Payam Island, Ranong Province, Thailand, based on morphological and DNA 26 

sequence data. The mean interspecific COI divergence between the new species and other 27 

Thyropygus species is 0.13 ± 0.02 (range: 0.07–0.16). The new species is distinguished by (1) a 28 

small, slender, pointed spine at base of femoral spine, (2) a short, triangular mesal process of the 29 

anterior coxal fold, and (3) a short, slender, slightly mesad-curving tibial spine. Additionally, T. 30 

peninsularis Hoffman, 1982 is confirmed as a member of the T. opinatus subgroup, because it 31 

shares key gonopodal characters with other species in this subgroup, while COI and 16S rRNA 32 

sequence data firmly support this new classification, with a mean interspecific COI sequence 33 

divergence of 0.13 ± 0.03 (range: 0.07–0.17) from other species in the T. allevatus group. An 34 

identification key for all 29 species in the T. opinatus subgroup is provided. Further research is 35 

needed to assess the taxonomic status of, and phylogenetic relationships within, this subgroup, 36 

which, except for two species, may tentatively represent an endemic species radiation in the 37 

peninsular area of Thailand, Malaysia and Myanmar. 38 

 39 

Introduction 40 
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The millipede genus Thyropygus Pocock, 1894 is widely distributed across Thailand and 42 

Southeast Asia and currently comprises 67 recognized species, 46 of which are exclusively found 43 

in Thailand (Pimvichai et al., 2023). Most Thai species belong to the informal T. allevatus group, 44 

which was defined by Hoffman (1975) on the basis of two features of the gonopod telopodite: (1) 45 

the presence of tibial and femoral spines, and (2) the tibial spine being very long and recurved 46 

proximad towards the femoral spine. The T. allevatus group is widely distributed throughout 47 

Thailand, Vietnam, Laos, Cambodia, and Peninsular Malaysia (Enghoff, 2005). By combining 48 

morphological and DNA sequence data, the T. allevatus group has been further divided into four 49 

informal subgroups: (1) the T. opinatus subgroup, (2) the T. induratus subgroup, (3) the T. 50 

cuisinieri subgroup, and (4) the T. allevatus subgroup (Pimvichai et al., 2009a, 2009b, 2011a, 51 

2011b, 2014, 2016, 2023). Within this system, the T. opinatus subgroup is characterized by the 52 

presence of an additional projection on the anterior coxal fold (Pimvichai et al., 2016). The T. 53 

opinatus subgroup is primarily distributed in Thailand, with only two species that also occur 54 

outside Thailand: T. implicatus in Peninsular Malaysia and T. opinatus in southern Myanmar 55 

(Pimvichai et al., 2009, 2014). 56 

 Hitherto, the informal subgroup division of the T. allevatus group appeared well-supported 57 

by the overall congruence between morphological and DNA sequence data. Yet, recently this 58 

congruence was challenged with the discovery of two Thyropygus species, T. panhai Pimvichai, 59 

Enghoff & Backeljau, 2023 and T. somsaki Pimvichai, Enghoff & Backeljau, 2023, that 60 

morphologically clearly belong to the T. induratus subgroup, but whose COI sequences do not 61 

support this assignment. In fact, including both species in the COI phylogeny made that the 62 

monophyly of the T. induratus subgroup was no longer supported (Pimvichai et al., 2023). Hence 63 

extended taxon sampling is important to further explore the congruence between morphological 64 

and DNA sequence data, and eventual taxonomic validity, of the informal subgroups within the 65 

T. allevatus group.  66 

     Against this background, recently collected millipede specimens from Payam Island in the 67 

Andaman Sea appeared morphologically to belong to a new species of the T. opinatus subgroup, 68 

thus offering an opportunity to test the consistency of this subgroup. The present contribution 69 

aims to do so by formally describing and DNA barcoding this new species. In addition, it 70 

provides an updated morphological identification key of all species currently assigned to the T. 71 

opinatus subgroup and discusses the taxonomic position of T. peninsularis Hoffman, 1982, a 72 

species which until recently was assigned to the T. erythropleurus group (Hoffman, 1982; 73 

Pimvichai et al., 2009a), but whose transfer to the T. opinatus subgroup in the T. allevatus group 74 

(Pimvichai et al., 2023) is here formally confirmed. 75 

 76 

Materials & Methods 77 

Specimen collection 78 

In November 2022 live specimens of the new species were hand-collected at Payam Island, 79 

Ranong Province, Thailand and preserved in 70% ethanol (n = 3) or stored in a freezer at –20 ºC 80 

(n = 10). This material has been deposited in the collections of the Museum of Zoology, 81 
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Chulalongkorn University, Bangkok, Thailand (CUMZ). Another specimen of T. payamense sp. 83 

nov. from Payam Island, collected in April 2013 by J. Urbanski and preserved in 70% ethanol, is 84 

kept in the Natural History Museum of Denmark (NHMD). 85 

 This research was conducted under the approval of the Animal Care and Use regulations 86 

(numbers U1-07304-2560 and IACUC-MSU-037/2019) of the National Research Council of 87 

Thailand. 88 

 89 

Morphology 90 

Gonopods were photographed with a digital camera and drawings were made using a 91 

stereomicroscope and photographs. Gonopod terminology of the T. opinatus subgroup follows 92 

Pimvichai et al. (2009a, b, 2016). A new term is marked in bold: 93 

ac = anterior coxal fold: the main part of gonopod in anterior view; confusingly called posterior 94 

coxal fold by Demange (1961) and Hoffman (1975) 95 

aip = additional spine-like process: between lateral and mesal processes of anterior coxal fold 96 

alp = lateral process of anterior coxal fold: the distolateral part of the anterior coxal fold 97 

amp = mesal process of anterior coxal fold: an additional projection on the anterior coxal fold, 98 

protruding from its mesal margin 99 

bp = blepharochaete (pl. -ae): the normal form of apical setae, long, slender, stiffened, and 100 

usually pigmented, somewhat reminiscent of the mammalian eyelash (Hoffman 1975) 101 

cr = longitudinal crest in gutter of palette: a crest which runs along the middle of the gutter near 102 

the tip of the palette 103 

fe = femoral spine (also fe 1 and fe 2): a usually long, curved spine on the telopodite, originating 104 

slightly distal to the point where the telopodite emerges from the coxa 105 

lc = longitudinal crest: a strong longitudinal crest at the mesal margin of amp in posterior view 106 

ll = lamellar lobe: a small, slightly folded lobe at the basis of the apical part of the telopodite 107 

lo = telopodite lobe: a protruding lobe on the telopodite, distal to fe 108 

pa = palette: the distalmost lobe of the apical part, carrying the row of blepharochaetae 109 

pc = posterior coxal fold: the main part of gonopod in posterior view, usually shorter than ac and 110 

forming a shelf for accommodation of telopodite shaft 111 

plp = lateral process of posterior coxal fold: the lateral part of the posterior coxal fold, usually 112 

digitiform 113 

pmp = mesal process of posterior coxal fold: the mesal part of the posterior coxal fold, usually 114 

forming a shelf for accommodation of telopodite shaft 115 

px = paracoxite: the basal, lateral part of the posterior coxal fold 116 

sfe = small spine at the base of femoral spine: an additional small, slender, sharp spine at the 117 

base of femoral spine 118 

sl = spatulate lobe: a distinct distal, separate lobe at the apical part, spatulate, sometimes with a 119 

distal spine-like process 120 

sls = slender long spine: an additional slender long spine (much longer than ss) at the base of the 121 

apical part of telopodite in posterior view 122 

formázott: Betűtípus: Félkövér
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ss = small spine: an additional small spine at the base of the apical part of telopodite in posterior 124 

view 125 

st = sternum: a small, usually triangular sclerite between the basal parts of the anterior coxal 126 

folds 127 

ti = tibial spine: a usually long spine on the telopodite, originating distal to the femoral spine, at 128 

the basis of the apical part of the telopodite, usually curved in the opposite direction of the 129 

femoral spine, the two together forming a circle 130 

Apical part: the part of the telopodite distal to the tibial spine 131 

Shelf: the distal surface of the posterior coxal fold 132 

 133 

DNA extraction, amplification, and sequencing 134 

Total genomic DNA was extracted from legs of three specimens using the NucleoSpin Tissue kit 135 

(Macherey-Nagel, Düren, Germany) following the manufacturer’s instructions. PCR 136 

amplifications and sequencing of the standard mitochondrial COI DNA barcoding fragment 137 

(Hebert et al., 2003) and a mitochondrial 16S rRNA fragment were done as described by 138 

Pimvichai et al. (2020). The COI fragment was amplified with the primers LCO-1490 and HCO-139 

2198 (Folmer et al., 1994), and the 16S rRNA fragment was amplified with the primers 16Sar 140 

and 16Sbr (Kessing et al., 2004). The new COI and 16S rRNA sequences have been deposited in 141 

GenBank under accession numbers PV019345−PV019347 and PV029246−PV029247. Sample 142 

data and voucher codes are provided in Table 1. 143 

 144 

DNA sequence analysis   145 

The COI dataset comprised 61 specimens of 33 nominal Thyropygus species and four outgroup 146 

species from the harpagophorid subfamily Rhynchoproctinae viz., Anurostreptus barthelemyae 147 

Demange, 1961, A. sculptus Demange, 1961, Armatostreptus armatus (Demange, 1983), and 148 

Heptischius lactuca Pimvichai, Enghoff & Panha, 2010 (Table 1). The same specimens were 149 

used for the 16S rRNA and combined COI + 16S rRNA datasets, except for T. payamense sp. 150 

nov. (KPYR3), T. panhi and T. somsaki, of which no 16S rRNA sequences could be obtained. 151 

 Sequence assembly and editing were performed using CodonCode Aligner (ver. 4.0.4; 152 

CodonCode Corporation) to combine forward and reverse reads, identify errors, and resolve 153 

ambiguities. All sequences were verified using the Basic Local Alignment Search Tool (BLAST, 154 

NCBI) and compared against reference sequences in GenBank. Sequence alignment was 155 

conducted using MUSCLE (ver. 3.6; Edgar, 2004; http://www.drive5.com/muscle). The 156 

sequences were evaluated for ambiguous nucleotide sites, saturation, and phylogenetic signal 157 

using DAMBE (ver. 5.2.65; Xia, 2018; http://www.dambe.bio.uottawa.ca/DAMBE/dambe.aspx). 158 

MEGA11 (ver. 11.0.10; Tamura et al., 2021; http://www.megasoftware.net) was used to: (1) 159 

screen for stop codons, (2) translate nucleotide sequences into amino acids, and (3) calculate 160 

uncorrected pairwise p-distances among sequences.   161 

 162 

Phylogenetic Analysis   163 

http://www.drive5.com/muscle


Phylogenetic trees were constructed using Maximum Likelihood (ML) and Bayesian Inference 164 

(BI) approaches.  165 

 ML trees were inferred using RAxML (ver. 8.2.12; Stamatakis, 2014; 166 

http://www.phylo.org/index.php/tools/raxmlhpc2_tgb.html) via the CIPRES Science Gateway 167 

(Miller et al., 2010) and applying the GTR+G substitution model.  168 

 BI trees were constructed using MrBayes (ver. 3.2.7a; Huelsenbeck & Ronquist, 2001; 169 

http://www.phylo.org/index.php/tools/mrbayes_xsede.html). Substitution models were selected 170 

using jModeltest (ver. 2.1.10; Darriba et al., 2012; https://www.github.com/ 171 

ddarriba/jmodeltest2/releases), with the Akaike Information Criterion (Akaike, 1983) as the 172 

selection criterion. The GTR+I+G model was identified as the best fit model for COI (lnL = 173 

11936.7043, gamma shape = 0.8820), 16S rRNA (–lnL = 8382.4103, gamma shape = 0.8950), 174 

and the combined COI + 16S rRNA dataset (–lnL = 3392.4942, gamma shape = 0.4530). BI 175 

analyses were run for 10 million (combined dataset), 20 million (COI), and 2 million (16S 176 

rRNA) generations. The heating parameter was set to 0.01 for all datasets, and trees were 177 

sampled every 1000 generations. Convergence was confirmed by ensuring that the standard 178 

deviation of split frequencies was < 0.01. The first 1000 trees were discarded as burn-in, and the 179 

final consensus tree was generated from the last 15002 (combined dataset), 30002 (COI), and 180 

3002 (16S rRNA) trees.   181 

 Node support was evaluated using posterior probabilities (PP) for BI and bootstrap values 182 

(BV) for ML (based on 1000 replicates). Nodes with BV ≥ 70% or PP ≥ 0.95 were considered 183 

well-supported, while BV < 70% or PP < 0.95 were considered as poorly supported (Hillis & 184 

Bull, 1993; San Mauro & Agorreta, 2010). 185 

 186 

Results 187 

DNA sequence data and phylogeny 188 

The uncorrected p-distances between the COI sequences (660 bp) of Thyropygus specimens 189 

included in this study ranged from 0.00 to 0.18 (Table 2). The mean intraspecific sequence 190 

divergence within the T. allevatus group was 0.06 ± 0.03 (range: 0.00–0.12). Mean intraspecific 191 

divergence values for individual species of this group were: T. allevatus (2 specimens) = 0.00; T. 192 

induratus = 0.05 ± 0.02 (range: 0.02–0.07); T. payamense sp. nov. (3 specimens) = 0.01 ± 0.02 193 

(range: 0.00–0.01); T. resimus = 0.06 ± 0.04 (range: 0.00–0.10); and T. uncinatus = 0.06 ± 0.03 194 

(range: 0.00–0.12). The mean interspecific sequence divergence within the T. allevatus group (all 195 

subgroups included) was 0.14 ± 0.02 (range: 0.02–0.18). The mean interspecific sequence 196 

divergence within the T. opinatus subgroup was 0.12 ± 0.03 (range: 0.02–0.17). The mean 197 

interspecific sequence divergence in the T. opinatus subgroup without T. payamense sp. nov. = 198 

0.12 ± 0.03 (range: 0.02–0.17). The mean interspecific sequence divergence of T. payamense sp. 199 

nov. vs other species in the T. opinatus subgroup = 0.11 ± 0.02 (range: 0.07–0.15). The mean 200 

interspecific sequence divergence of T. payamense sp. nov. vs other species in the T. allevatus 201 

group = 0.13 ± 0.02 (range: 0.07–0.16).  202 törölt: . 203 
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 The uncorrected p-distances between the 16S rRNA sequences (487 bp) of Thyropygus 205 

species ranged from 0.00 to 0.13 (Table S1). The mean intraspecific sequence divergence within 206 

the T. allevatus group was 0.02 ± 0.02 (range: 0.00–0.08). Mean intraspecific divergence values 207 

for individual species of this group were: T. allevatus (2 specimens) = 0.00; T. induratus = 0.03 208 

± 0.03 (range: 0.01–0.08); T. payamense sp. nov. (2 specimens) = 0.00; T. resimus = 0.02 ± 0.01 209 

(range: 0.00–0.03); and T. uncinatus = 0.02 ± 0.01 (range: 0.00–0.04). The mean interspecific 210 

sequence divergence within the T. allevatus group (all subgroups included) was 0.08 ± 0.02 211 

(range: 0.00–0.13). The mean interspecific sequence divergence within the T. opinatus subgroup 212 

was: 0.05 ± 0.02 (range: 0.00–0.9). The mean interspecific sequence divergence in the T. 213 

opinatus subgroup without T. payamense sp. nov. = 0.05 ± 0.02 (range: 0.00–0.09). The mean 214 

interspecific sequence divergence of T. payamense sp. nov. vs. other species in the T. opinatus 215 

subgroup = 0.05 ± 0.02 (range: 0.01–0.08). The mean interspecific sequence divergence of T. 216 

payamense sp. nov. vs. other species in the T. allevatus group = 0.08 ± 0.03 (range: 0.01–0.12). 217 

 The uncorrected p-distances between the sequences of Thyropygus species in the combined 218 

dataset (COI + 16S rRNA, 1147 bp) ranged from 0.01 to 0.15 (Table S2). The mean intraspecific 219 

sequence divergence within the T. allevatus group was 0.04 ± 0.02 (range: 0.00–0.08). Mean 220 

intraspecific divergence values for individual species of this group were: T. allevatus (2 221 

specimens) = 0.00; T. induratus = 0.04 ± 0.02 (range: 0.02–0.07); T. payamense sp. nov. (2 222 

specimens) = 0.00; T. resimus = 0.04 ± 0.03 (range: 0.00–0.07); and T. uncinatus = 0.05 ± 0.02 223 

(range: 0.00–0.08). The mean interspecific sequence divergence within the T. allevatus group (all 224 

subgroups included) was 0.11 ± 0.02 (range: 0.01–0.15). The mean interspecific sequence 225 

divergence within the T. opinatus subgroup was: 0.09 ± 0.02 (range: 0.01–0.13). The mean 226 

interspecific sequence divergence in the T. opinatus subgroup without T. payamense sp. nov. = 227 

0.09 ± 0.03 (range: 0.01–0.13). The mean interspecific sequence divergence of T. payamense sp. 228 

nov. vs.other species in the T. opinatus subgroup = 0.08 ± 0.02 (range: 0.05–0.12). The mean 229 

interspecific sequence divergence of T. payamense sp. nov. vs.other species in the T. allevatus 230 

group = 0.11 ± 0.03 (range: 0.05–0.14). 231 

 The ML and BI trees (COI and 16S rRNA separately, as well as COI + 16S rRNA 232 

combined) were largely congruent with respect to the well-supported nodes (by visual 233 

inspection). So, for further discussion, the combined COI + 16S rRNA tree will be used (Fig. 1), 234 

while the separate COI and 16S rRNA trees are provided in Supplementary Figs S1 and S2. 235 

 Thyropygus payamense sp. nov. was firmly positioned within the T. opinatus subgroup 236 

(Fig. 1), whose monophyly was strongly supported (BV = 95; PP = 1.00). The T. opinatus 237 

subgroup was further divided into a non-supported assemblage (nsa) of six species, viz., T. 238 

bispinispatula, T. forceps, T. loxia, T. navychula, T. opinatus, and T. sutchariti (Fig. 1: nsa) and 239 

three well-supported clades (Fig. 1: 1–3): 240 

 Clade 1: was almost maximally supported (BV = 98, PP = 1.00) and comprised eight 241 

species from southern Thailand: T. bearti, T. cimi, T. culter, T. demangei, T. mesocristatus, T. 242 

quadricuspis, T. richardhoffmani, and T. ursus. This clade was maximally supported as sister 243 

group of clade 2. 244 

törölt:  245 
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 Clade 2: was maximally supported (BV = 100, PP = 1.00) and comprised seven species 248 

from southern Thailand: T. brachyacanthus, T. cristagalli, T. enghoffi, T. payamense sp. nov., T. 249 

peninsularis, T. planispina, and T. undulatus. 250 

 Clade 3: was well-supported (BV = 84, PP = 0.99) and comprised two singleton species 251 

from northern, central and western Thailand: T. inflexus and T. bispinus. The sister group 252 

position of this clade was not well-resolved. 253 

 Additionally, the T. cuisinieri subgroup was well-supported (BV = 99, PP = 1.00), 254 

consisting of two singleton species: T. foliaceus and T. jarukchusri, that jointly were well-255 

supported as sister taxon of the T. opinatus subgroup. The T. allevatus subgroup was only 256 

represented by its nominal species, whose sister group position was not resolved. There was no 257 

support for the monophyly of the T. induratus subgroup (Fig. 1: assemblage marked in purple). 258 

 In the separate COI tree (Fig. S1), clades 1 and 2 were each well-supported, but their sister 259 

group relation was not, while clade 3 was only well-supported in the BI analysis, but its sister 260 

group relationship was unresolved. In contrast, clade 1 was not supported in the separate 16S 261 

rRNA tree (Fig. S2), while clades 2 and 3 were only well-supported in the ML analysis. 262 

Nevertheless, the species of clades 1 and 2 were grouped together in a well-supported 263 

overarching clade, while the sister group relationship of clade 3 was unresolved. The six species 264 

from the non-supported assemblage in the combined tree, remained as such in either of the 265 

separate trees since they appeared scattered throughout the T. opinatus subgroup. The T. 266 

cuisinieri subgroup was consistently well-supported by the separate COI and 16S rRNA trees, 267 

but its sister group relationships were not. Also the sister group position of T. allevatus remained 268 

unresolved, while there was no support for the monophyly of the T. induratus subgroup. 269 

 270 

Taxonomy 271 

Class Diplopoda de Blainville in Gervais, 1844 272 

Order Spirostreptida Brandt, 1833 273 

Suborder Spirostreptidea Brandt, 1833 274 

Family Harpagophoridae Attems, 1909 275 

Genus Thyropygus Pocock, 1894 276 

Informal taxon Thyropygus allevatus group sensu Hofman (1975) 277 

Informal taxon Thyropygus opinatus subgroup sensu Pimvichai et al. (2016) 278 

 279 

Diagnosis. A subgroup of the T. allevatus group. Differing from the T. induratus, T. cuisinieri 280 

and T. allevatus subgroups by having an additional projection on the anterior coxal fold (amp). 281 

  282 

Included species: 283 

T. bearti Pimvichai, Enghoff & Panha, 2009 284 

T. bifurcus (Demange, 1986) 285 

T. bispinispatula Pimvichai, Enghoff & Panha, 2009 286 

T. bispinus Pimvichai, Enghoff & Panha, 2009 287 



T. brachyacanthus Pimvichai, Enghoff & Panha, 2009 288 

T. casjeekeli Pimvichai, Enghoff & Panha, 2009 289 

T. chelatus Pimvichai, Enghoff & Panha, 2009 290 

T. cimi Pimvichai, Enghoff, Panha & Backeljau, 2016 291 

T. cristagalli Pimvichai, Enghoff &Panha, 2009 292 

T. culter Pimvichai, Enghoff, Panha & Backeljau, 2016 293 

T. demangei Pimvichai, Enghoff & Panha, 2009 294 

T. enghoffi (Demange, 1989) 295 

T. erectus Pimvichai, Enghoff & Panha, 2009 296 

T. floweri (Demange, 1961) 297 

T. forceps Pimvichai, Enghoff, Panha & Backeljau, 2016 298 

T. implicatus (Demange, 1961) 299 

T. inflexus (Demange, 1989) 300 

T. loxia Pimvichai, Enghoff & Panha, 2009a 301 

T. mesocristatus Pimvichai, Enghoff, Panha & Backeljau, 2016 302 

T. navychula Pimvichai, Enghoff, Panha & Backeljau, 2016 303 

T. opinatus (Karsch, 1881) 304 

T. payamense sp. nov. 305 

T. peninsularis Hoffman, 1982 (see Discussion) 306 

T. planispina Pimvichai, Enghoff, Panha & Backeljau, 2016 307 

T. quadricuspis Pimvichai, Enghoff & Panha, 2009 308 

T. richardhoffmani Pimvichai, Enghoff & Panha, 2009 309 

T. sutchariti Pimvichai, Enghoff, Panha & Backeljau, 2016 310 

T. undulatus Pimvichai, Enghoff, Panha & Backeljau, 2016 311 

T. ursus Pimvichai, Enghoff, Panha & Backeljau, 2016 312 

 313 

Species description  314 

 315 

Thyropygus payamense sp. nov.  316 

(Figs 2‒4) 317 

 318 

Material examined. Holotype male (CUMZ-D00155), THAILAND, Ranong Province, Muang 319 

Ranong District, Payam Island, Aow Yai,10 m a.s.l., 9°43'45"N, 98°23'25"E, 13/11/2022, leg. P. 320 

Pimvichai, T. Backeljau, B. Segers, K. Breugelmans and S. Saratan. Paratypes 5 males (CUMZ-321 

D00155-1), 8 females (CUMZ-D00155-2), same data as holotype, 1 male (NHMD 1184744) 322 

THAILAND, Ranong Province, Muang Ranong District, Payam Island, /04/2013, leg. J. 323 

Urbanski.  324 

 325 

Etymology. The name refers to Payam Island, the type locality of this species. 326 

 327 
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Diagnosis. A species of the T. opinatus subgroup in the T. allevatus group. Differs from all other 329 

species of the T. opinatus subgroup by having (1) a small, slender, pointed spine (sfe) at base of 330 

femoral spine (fe), (2) the mesal process of anterior coxal fold (amp) short, forming a triangular 331 

process, and (3) tibial spine (ti) short, slender, slightly curving mesad. 332 

 333 

Description. Adult males with 60–61 podous rings, no apodous rings. Length 13–14 cm, width 334 

8.6–9.3 mm. Adult females with 60–62 podous rings, no apodous rings. Length 12–14 cm, width 335 

8.7–9.4 mm.  336 

 337 

Colour. Overall colour of living animal (Fig. 2) dark brown. Antennae, legs, epiproct, paraprocts 338 

and hypoproct reddish brown. 339 

 340 

Gonopods (Fig. 3A–D). Anterior coxal fold (ac; Fig. 3A): the lateral process (alp) flattened and 341 

broad, apically curved caudad and terminating in a short spine, the lateral margin slightly folded; 342 

the mesal process (amp) broad at base, apically gradually narrowed, pointed, forming a triangular 343 

process, ¼ of the height of the lateral process (alp). Posterior coxal fold (pc; Fig. 3B) basally 344 

with moderately high paracoxites (px), forming shelf to accommodate telopodite, distally with 345 

two processes: mesal process (pmp) very small, directed distolaterad; lateral process (plp) 346 

digitiform, directed distad. Telopodite (Fig. 3C–D) leaving coxite over shelf of posterior coxal 347 

fold; the femoral spine (fe) very long, slender, curving backward, with a small, slender, pointed 348 

spine (sfe) at its base, in situ resting behind alp; the tibial spine (ti) short, slender, slightly 349 

curving mesad; the apical part: spatulate lobe (sl) small, rounded; palette (pa) simple, gutter-like; 350 

distally with about 11 brownish blepharochaetae (bp). 351 

 352 

DNA barcodes. The GenBank accession number of the COI barcode of the holotype is 353 

PV019345 and 16S rRNA is PV029246 (voucher code CUMZ-D00155) and the COI barcode of 354 

paratypes are PV019346–PV019347 (voucher code CUMZ-D00155-1 for a male and voucher 355 

code CUMZ-D00155-2, CUMZ-D00155-2-1 for 2 females). 356 

 357 

Distribution. The species is known only from its type locality in Ranong Province, Thailand 358 

(Fig. 4). It was collected in Aow Yai, where the specimens were found crawling and hiding 359 

underneath leaf litter of coconut trees, jackfruit trees, and other native vegetation. 360 

 361 

Key to the 29 currently recognized species of the T. opinatus subgroup; figures underneat a 362 

couplet illustrate the relevant gonopodal characteristics referred to in the couplet (updated 363 

from Pimvichai et al., 2016) 364 

 365 

1. Apical part of telopodite with spatulate lobe (sl)……………………...……………………....2  366 

− Apical part of telopodite with lamellar lobe (ll)……………….………...…………..………22  367 

 



 

2. Spatulate lobe (sl) distally drawn out into one or two sharp dark brown spine(s)…….………3  368 

− Spatulate lobe (sl) distally expanded and/or rounded, spoon-like, without a spine...…........…9  369 

3. Spatulate lobe (sl) terminating in two sharp brown spines, the outer spine slightly smaller and 370 

shorter than the inner one; lateral process of anterior coxal fold (alp) slender, slightly curving 371 

mesad; mesal process of anterior coxal fold (amp) almost as long as alp, flattened…………... 372 

..………………………….…………………………………………………...T. bispinispatula 373 

− Spatulate lobe (sl) terminating in a single sharp dark brown spine...........................................4 374 

4. Telopodite without a lobe distal to fe; lateral process of anterior coxal fold (alp) long, 375 

slender, regularly curved, tip close to tip of opposite alp, the two together forming a circle; 376 

mesal process of anterior coxal fold (amp) straight, shorter than alp; femoral spine (fe) 377 

directed distad, pointed……………………………..…………..……………...….....T. erectus 378 

− Telopodite distally to fe with a large, round lobe (lo) projecting distolaterally…………..…..5 379 

5. Lateral process of anterior coxal fold (alp) very slender, regularly curved………………..….6 380 

− Lateral process of anterior coxal fold (alp) different, broader and/or with several apical 381 

denticles.....................................................................................................................................8 382 

6. Mesal margin of lateral process of anterior coxal fold (alp) with fine serrations; mesal 383 

process of anterior coxal fold (amp) almost as long as alp, broadly expanded, apically sharp, 384 

straight distad, mesal margin forming a strong longitudinal crest (lc) in posterior 385 

view……………………………………...……………………………………….T. navychula 386 

− Mesal margin of lateral process of anterior coxal fold (alp) without serrations, tip of lateral 387 

process close to tip of the opposite side, the two together forming a circle……………….….7 388 

7. Mesal process of posterior coxal fold (pmp) strongly developed along anterior-posterior 389 

axis...............................................................................................................................T. floweri 390 

− Mesal process of posterior coxal fold (pmp): slender, directed distolaterad…......….T. forceps 391 

8. Lateral process of anterior coxal fold (alp) broad, apically gradually narrowed; mesal process 392 

of anterior coxal fold (amp) almost as long as lateral process (alp), slender, straight, 393 

terminally slightly curved, pointed...........................................................................T. opinatus 394 

− Lateral process of anterior coxal fold (alp) apically bent abruptly mesad, tip with serrate 395 

margins; mesal process of anterior coxal fold (amp) much shorter than lateral process (alp), 396 

directed mesodistad, simple, pointed; mesal process of posterior coxal fold (pmp): strongly 397 

developed along anterior-posterior axis………….………...……………..……...T. implicatus 398 

9. Telopodite with a single femoral spine (fe)…………...………………………....…..………10 399 

− Telopodite with two femoral spines (fe 1 and fe 2)…………………...………..……………19 400 

10. Mesal process of anterior coxal fold (amp) short……………………………..……………..11 401 

− Mesal process of anterior coxal fold (amp) long, slender………..………..……....................13 402 

11. Telopodite with slender tibial spine (ti), not curving mesad; fe curving backward, without 403 

small spine; mesal process of anterior coxal fold (amp) very short, pointed......T. peninsularis 404 

− Telopodite with short, slender tibial spine (ti), curving mesad …………………..………….12 405 



12. Femoral spine (fe) with a small, slender, pointed spine (sfe) at base (Fig. 3C); mesal process 406 

of anterior coxal fold (amp) short, forming a triangular process; telopodite distally to fe 407 

without a small round lobe (lo)……………………...……….......….…T. payamense sp. nov. 408 

− Femoral spine (fe) without a small slender, pointed spine (sfe) at base; telopodite distally to fe 409 

with a small round lobe (lo) projecting distolaterally.....................................................T. loxia 410 

13. Lateral process of anterior coxal fold (alp) apically abruptly truncate………...…….. T. bearti   411 

− Lateral process of anterior coxal fold (alp) apically pointed………………………….……..14 412 

 

14. Mesal process of anterior coxal fold (amp) shorter than lateral process (alp)...…………......15 413 

− Mesal process of anterior coxal fold (amp) as long as lateral process (alp)…………...….....16 414 

15. Mesal process of anterior coxal fold (amp) directed obliquely distomesad, slender, straight 415 

.........................................................................................................................................T. chelatus 416 

− Mesal process of anterior coxal fold (amp) directed distad, thicker, slightly sigmoid………… 417 

……………………………………………………………………………….....T. brachyacanthus 418 

16. Mesal process of anterior coxal fold (amp) directed obliquely distomesad, tip overlapping tip 419 

of opposite amp; lateral process of posterior coxal fold (plp) a massive, broad lobe, 420 

projecting laterad….……………………….……….…………......................……T. sutchariti 421 

− Mesal process of anterior coxal fold (amp) directed distad…………………....…..………...17 422 

17. Lateral process of anterior coxal fold (alp) apically without a crest; telopodite distally with a 423 

rounded lobe (lo); margins of spatulate lobe (sl) terminally meeting in a distinct angle 424 

...................................................................................................................................T. bispinus 425 

− Lateral process of anterior coxal fold (alp) apically with a crest…………….…….…….….18 426 

18. Mesal process of anterior coxal fold (amp) apically irregularly tuberculate; telopodite distally 427 

without a rounded lobe (lo)........................................................................................T. inflexus 428 

− Mesal process of anterior coxal fold (amp) slender, straight, its tip pointed, its mesal margin 429 

forming a strong longitudinal crest (lc) in posterior view…………...….……T. mesocristatus  430 

19. Anterior coxal fold (ac) with an additional spine-like process (aip) between alp and amp; 431 

lateral process of anterior coxal fold (alp) broad, mesal margin concave, tip with serrate 432 

margins, chicken comb-like; mesal process of anterior coxal fold (amp) much shorter than 433 

lateral process (alp), directed mesodistad, simple, pointed; both femoral spines (fe) slender, 434 

long.........................................................................................................................T. cristagalli 435 

− Anterior coxal fold (ac) without an additional spine-like process (aip) between alp and 436 

amp……………………………………………………...…………………….………….......20 437 

20. Lateral process of anterior coxal fold (alp) apically without a crest, flattened, slightly curved, 438 

its laterodistal margin coarsely dentate, terminating in a short, sharp, pointed spine; mesal 439 

process (amp) much shorter than alp, directed distad, tip curving mesad, pointed; both 440 

femoral spines (fe 1, fe 2) long, curving backward; tibial spine (ti) long, not curving in 441 

horizontal plane……………………………………………………………...……...…T. culter 442 

− Lateral process of anterior coxal fold (alp) apically with a crest extending caudad………...21  443 



21. Lateral process (alp) flattened, curving mesad, laterodistal margin coarsely dentate, 444 

terminating in a short spine, tip curving against the tip of opposite side; mesal process (amp) 445 

much shorter than alp, slender, curving mesad; both femoral spines (fe 1, fe 2) broad, long; 446 

tibial spine (ti) long, curving in horizontal plane, not ending in a sharp spine…...T. undulatus 447 

− Lateral process (alp) regularly curved, terminating in a sharp, slightly upward pointing spine; 448 

mesal process (amp) slightly shorter than alp, flattend, straight, directed distad; tibial spine 449 

(ti) flattend, short, curving mesad…………………………………..……………T. planispina  450 

22. Telopodite with a single femoral spine…………...………………………...…..……………23 451 

− Telopodite with two femoral spines……………………………………….........……………25 452 

23. Lateral process of anterior coxal fold (alp) without an apical crest; mesal process of anterior 453 

coxal fold (amp) shorter than and as broad as alp, directed distad; femoral spine (fe) very 454 

long and slender.......................................................................................................T. casjeekeli 455 

− Lateral process of anterior coxal fold (alp), with a sharp crest on the posterior surface near 456 

the tip………………………………………………………………..……………...………..24 457 

24. Lateral process of anterior coxal fold (alp) flattened, slightly curved, inflexed; femoral spine 458 

(fe) very long, slender, with an additional lamella at base…………..…..…….T. quadricuspis  459 

− Lateral process of anterior coxal fold (alp) regularly curved, basally broad, gradually tapering 460 

towards end and ending in sharp point; femoral spine (fe) very long, slender, without an 461 

additional lamella at base….........................................................................................…T. cimi  462 

25. Lateral process of anterior coxal fold (alp) flatten, broad..……………….………………....26 463 

− Lateral process of anterior coxal fold (alp) slender, regularly curved, sickle-shaped….…....27 464 

26. Lateral process of anterior coxal fold (alp) terminating in a very short external spine and a 465 

very long internal one; mesal process of anterior coxal fold (amp) as long as alp; first femoral 466 

spine (fe 1) very short, pointed; second femoral spine (fe 2) very long, as long as tibial spine 467 

(ti); an additional lamella at both side of base of fe 2..................................T. richardhoffmani 468 

− Lateral process (alp) flattened, apically curved laterad as a short spine, lateral margin of alp 469 

slightly folded; mesal process (amp) shorter than alp, slender, straight, directed distad, 470 

pointed; the first femoral spine (fe 1) very short, directed upward, situated above fe 2, the 471 

second fe (fe2) very long, slender, curved downward……………………...………….T. ursus 472 

27. Mesal margin of lateral process of anterior coxal fold (alp) simple, without a caudad spine or 473 

crest; mesal process of anterior coxal fold (amp) much shorter than lateral process (alp), 474 

curved, pointed…………………………………...……….…………..……..…......T. enghoffi 475 

− Mesal margin of lateral process of anterior coxal fold (alp) with a caudad small spine or 476 

crest..........................................................................................................................................28 477 

28. Mesal margin of lateral process of anterior coxal fold (alp) with a small caudad crest; mesal 478 

process of anterior coxal fold (amp) slightly shorter than alp, slightly sigmoid, 479 

pointed………………………………………………………………………………………..T. bifurcus 480 

− Mesal margin of lateral process of anterior coxal fold (alp) with a short curved caudad spine; 481 

mesal process of anterior coxal fold (amp) as long as alp, straight……..……..T. demangei 482 

 483 



Discussion 484 

Morphologically, Thyropygus payamense sp. nov. undoubtedly belongs to the genus Thyropygus, 485 

as it has the diagnostic characteristics of the genus listed by Pimvichai et al. (2009a). These 486 

include: (1) body rings that are not strongly wrinkled dorsally, (2) ozopores begining on body 487 

ring 6, (3) very long stigmatic grooves, (4) ventral soft pads on the postfemur and tibia of male 488 

walking legs, (5) a triangular gonopod sternum, (6) a gonopod telopodite with a femoral spine 489 

and often a tibial spine, (7) a prostatic groove terminating apically on a solenomere or prostatic 490 

lobe (apical palette of the telopodite), and (8) a voluminous apical palette that is more or less 491 

expanded and forms a gutter-like structure. Within the genus Thyropygus, T. payamense sp. nov. 492 

belongs to the T. allevatus group because it has a tibial and a femoral spine on the gonopod 493 

telopodite, with the tibial spine being notably long and recurved proximally toward the femoral 494 

spine. Finally, it is assigned to the T. opinatus subgroup because it has an additional projection 495 

on the anterior coxal fold.  496 

The mean interspecific DNA sequence divergence values of T. payamense sp. nov. 497 

relative to other species in the T. allevatus group (mean values: 0.13 for COI and 0.11 for 16S 498 

rRNA) or the T. opinatus subgroup (mean values: 0.11 for COI and 0.08 for 16S rRNA) support 499 

the species-level distinction of T. payamense sp. nov. since they are of a comparable magnitude 500 

as the mean interspecific divergences for other species pairs in this group and subgroup (mean 501 

values: 0.12 for COI and 0.09 for 16S rRNA in the T. induratus subgroup; mean values: 0.11 for 502 

COI and 0.09 for 16S rRNA in the T. cuisinieri subgroup). The mean interspecific COI 503 

divergence values of T. payamense sp. nov. also align well with those observed in some genera 504 

of spirobolidan families, such as Pseudospirobolellidae with Coxobolellus (mean 0.11; range: 505 

0.06–0.15) (Pimvichai et al., 2020) and Siliquobolellus (mean: 0.12; range: 0.08–0.15) 506 

(Pimvichai et al. 2022) or Pachybolidae with Atopochetus (mean: 0.14; range 0.09–0.17) and 507 

Litostrophus (mean: 0.11; range 0.09–0.11) (Pimvichai et al., 2018).   508 

The combination of its comparative DNA sequence divergence values, its phylogenetic 509 

placement as a well-supported clade, and its gonopodal differentiation, provide a solid basis to 510 

recognize T. payamense sp. nov.  as a well-defined, separate species that complies at least with 511 

the morphological, biological, phylogenetic and lineage species concepts.  512 

The addition of Thyropygus payamense sp. nov. (and T. peninsularis; see further below) 513 

to the T. opinatus subgroup did not affect the strong support for the monophyly of this subgroup, 514 

which now comprises 29 species. Hence, the congruence between morphological and DNA 515 

sequence data in the T. opinatus subgroup seems to be consistent and robust. It suggests that the 516 

defining, shared characters of this multi-species subgroup represent true synapomorphies. This 517 

contrasts sharply with the phylogenetic interpretation of the T. induratus subgroup, which was 518 

recently questioned because the discovery of two new species that morphologically clearly 519 

belong to this subgroup (T. panhai and T. somsaki) obliterated the support of its monophyly as 520 

inferred by COI sequence data. Hence the congruence between the morphological and DNA 521 

sequence data for the T. induratus subgroup was disrupted (Pimvichi et al., 2023).  522 

törölt:  523 



The three clades within the T. opinatus subgroup identified in this study jointly form 524 

Clade 1A3 described by Pimvichai et al. (2016), with the inclusion of T. payamense sp. nov. and 525 

T. peninsularis. It is striking that the Thai members of the T. opinatus subgroup only occur in 526 

southern Thailand (Clades 1, 2, and nsa), except for the two species of clade 3, which are 527 

distributed in northern, central and western Thailand. Conversely, no species from the other 528 

subgroups of the T. allevatus group were hitherto found in southern Thailand.  529 

Southern Thailand, part of the Sundaland biogeographic region, is characterized by a 530 

unique mix of fauna influenced by its peninsular geography, tropical climate, and historical land 531 

connections to surrounding regions (Parnell, 2013). As such, the present data tentatively suggest 532 

that T. opinatus subgroup clades 1, 2 and the nsa jointly may represent an endemic species 533 

radiation in the peninsular area of Thailand, Malaysia and Myanmar. Yet, further 534 

phylogeographic analyses incorporating a broader sampling of populations, taxa and DNA 535 

markers are needed to infer the precise evolutionary and biogeographical history of these species.  536 

Thyropygus peninsularis was initially suggested to belong to the T. erythropleurus group 537 

by Hoffman (1982), because it has no recurved tibial spine proximally directed towards the 538 

femoral spine—a defining feature of the T. allevatus group. Therefore, Pimvichai et al. (2009a) 539 

followed Hoffman (1982) and did not include T. peninsularis, in the T. allevatus group. 540 

However, T. peninsularis possesses a small spatulate lobe at the apical part of the telopodite, 541 

along with a very short additional mesal projection on the gonopod’s anterior coxal lobe (Fig. 5), 542 

similar to T. loxia. These features are shared by most species in the T. opinatus subgroup. 543 

Furthermore, DNA sequence analysis (COI and 16S rRNA) firmly placed T. peninsularis within 544 

the T. opinatus subgroup (Pimvichai et al., 2014, present results). Based on these morphological 545 

and DNA sequence data, we formally confirm the assignment of T. peninsularis to the T. 546 

opinatus subgroup, as was implicitly done by Pimvichai et al. (2023). These findings highlight, 547 

once more, the importance of integrating morphological and molecular data for resolving and/or 548 

re-interpreting taxonomic ambiguities. 549 

 550 

Conclusions 551 

While the support for the monophyly of some millipede species subgroups within the 552 

Thyropygus allevatus group disappears by increased species sampling, the high support for the 553 

monophyly of the T. opinatus subgroup remains unaffected after increased species sampling by 554 

the inclusion of (1) T. payamense sp. nov., described in this study, and (2) T. peninsularis, a 555 

species formerly assigned to the T. erythropleurus group, but for which DNA sequence data and 556 

a re-interpretation of its gonopod morphology show that it actually belongs to the T. opinatus 557 

subgroup. As a consequence  the congruence between the DNA sequence data and the defining 558 

synapomorphies in gonopod morphology remains consistent and robust in the T. opinatus 559 

subgroup, which now comprises 29 species. While it is too early to draw firm phylogeographic 560 

conclusions, these data tentatively suggest that with the exception of T. bispinus and T. inflexus, 561 

the T. opinatus subgroup may represent an endemic species radiation in the peninsular area of 562 

Thailand, Malaysia and Myanmar. Finally, the results illustrate the importance of combining 563 

https://nsojournals.onlinelibrary.wiley.com/authored-by/Parnell/J.


further species sampling with integrative research to resolve taxonomic ambiguities and explore 564 

evolutionary relationships in these millipedes. 565 
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