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Abstract
Spauligodon is a genus of parasitic nematodes that inhabit the intestinal tracts of lizards, with infections occurring frequently in carnivorous and omnivorous
hosts. Although over 50 species have been described, the accurate delimitation of new species and confirmation of the taxonomic stability of previously described
taxa have been impeded by ambiguous diagnostic characteristics;  this  issue is  often compounded by male dimorphism and a limited number of  phylogenetic
analyses. Eremias roborowskii and Teratoscincus roborowskii are two omnivorous desert lizards endemic to the Turpan Basin of Xinjiang, China. In this study, we
employed  an  integrative  taxonomic  framework  combining  comparative  morphology  and  multi-locus  phylogenetic  analyses  (18S + 28S + COI,  along  with
mitochondrial COI). We identified two new species of Spauligodon isolated from the intestines of these two lizard hosts, and, using newly defined morphological
diagnostic  characters,  we  constructed  a  dichotomous  identification  key  for  the  genus.  The  two  nematode  species  are  herein  designated Spauligodon
turpanoeremius sp. nov. and S. turpanoscincus sp. nov. Phylogenetic analyses utilizing Bayesian Inference and Maximum Likelihood trees, based on concatenated
multi-locus and mitochondrial COI datasets, revealed high topological congruence. The two new species formed distinct, well-supported evolutionary clades that
clustered separately from other congeners, thereby clarifying the phylogenetic placement of the taxa. By adopting this integrative taxonomic approach, we not
only describe two new species of Spauligodon from the Palaearctic realm but also further refine the taxonomic identification system for the genus. This approach
substantially  alleviates  the  confounding  effects  of  male  dimorphism  and  enhances  the  reliability  of  morphological  identification.  Furthermore,  our  findings
provide key morphological and molecular evidence for further elucidating host-driven evolutionary mechanisms in host–parasite associations and the role of host
diet in shaping parasitic adaptation.
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 Introduction
The  family  Pharyngodonidae  (Nematoda:  Oxyurida)  comprises  24

genera,  including  parasites  that  infect  fish,  amphibians,  reptiles,  and
mammals[1−3].  The  genus Spauligodon Skrjabin,  Schikhobalova,  and
Lagodovskaja  1960  encompasses  57  recognized  species  that  predo-
minantly  inhabit  the  intestinal  tracts  of  reptilian  hosts[4−8].  These
parasites  are  particularly  prevalent  in  carnivorous  and  omnivorous
lizards[9],  with  frequent  occurrences  documented  among  members  of
the  families  Gekkonidae,  Lacertidae,  and  Scincidae[10].  Nematodes  in
this genus are known to be globally distributed, with records spanning
Asia,  Africa,  North  America,  South  America,  Europe,  and
Oceania[11,12]. However, to date, reports from China remain extremely
limited;  only  Wang  et  al.[13] and  Yan  et  al.[14] have  conducted  pre-
liminary surveys examining Spauligodon infections in desert-dwelling
lizards from Xinjiang, China.

Given the high similarity of the females among different taxa within
the family Pharyngodonidae, taxonomic identification is largely depen-
dent  on  male  morphological  characteristics[2,15].  This  morphological
stasis  is  further compounded by convergent evolution,  whereby simi-

lar  selective  pressures  promote  correspondingly  similar  evolutionary
adaptations  in  distantly  related  species,  resulting  in  limited  morpho-
logical  divergence  among  closely  related  parasitic  species[16].  Conse-
quently,  species  delineation  based  solely  on  morphological  traits  can
prove challenging[17,18]. For instance, species of the genus Spauligodon
have  several  key  diagnostic  features  in  common  with  those  of  the
genus Skrjabinodon[19,20],  and  the  species  of  both  are  often  characte-
rized  by  male  dimorphism[21,22].  The  presence  or  absence  of  caudal
alae  has,  nevertheless,  been  established  to  be  a  key  distinguishing
trait[21,23].  Historically,  many  morphological  approaches  have  desig-
nated Spauligodon species  based  solely  on  male  morphology,  often
overlooking male dimorphism and other diagnostic discrepancies; this
has led to potential misclassification as Skrjabinodon[21]. Similar issues
of  morphological  overlap  can  occur  randomly  among  other  genera
within  Pharyngodonidae[24].  Consequently,  the  inconsistent  applica-
tion of diagnostic criteria within Spauligodon,  the prevalence of over-
lapping  morphological  traits,  and  subtle  interspecific  differentiation
collectively  undermine  the  reliability  of  species  identification  within
this genus[5,11,25].
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The  Turpan  Basin  in  the  Xinjiang  Uygur  Autonomous  Region  of
China  has  a  typical  continental  arid  climate.  Extreme  environmental
conditions in this region—including scant rainfall,  low humidity,  and
intense evaporation[26]—have contributed to the evolution of Teratos-
cincus  roborowskii and Eremias  roborowskii, two  endemic  species  of
omnivorous  desert  lizards.  The  former  feeds  primarily  on  small
arthropods and the plant Capparis spinosa[27,28], the fruit of which also
constitutes a significant proportion of the latter's diet[29].  Both species
facilitate  the  germination  of Capparis  spinosa seeds,  and  serve  as
important  ecological  seed  dispersers[30].  Seed  dispersal  represents  a
crucial component of plant–animal interactions[31,32], the effectiveness
of  which  is  profoundly  influenced  by  the  interaction  between  seeds
and  the  animal  digestive  tract[33].  However,  oxyurids  do  not  feed  on
host  tissue  but  instead  consume  bacteria  in  the  hindgut  or  cecum.
Therefore,  the  effect  on  host  health  is  generally  low,  with  little  to  no
pathogenicity[34].  Nevertheless,  they  may  alter  the  microbial  environ-
ment within the lizard’s digestive tract that is conducive to seed germi-
nation,  thereby  affecting  seed  dispersal.  The  direct  life  history  of
oxyurids  is  fairly  similar  across  the  groups  that  parasitize  vertebrates
and  invertebrates[35,36]:  the  genus Spauligodon may  utilize  arthropods
that feed on decaying plant material as transport hosts; Oxyurids have
no  free-living  or  extraintestinal  stages,  and  following  ingestion  of
the arthropod by a carnivorous or omnivorous lizard, the larvae hatch
directly from eggs within the new host and subsequently remain in the
intestinal  tract  for  their  entire  life  cycle[37,38],  meaning  that  they  can
have a highly aggregated distribution within host species[39]. Although
Eremias roborowskii and Teratoscincus roborowskii feed on both plant
seeds and insects, the proportions of these two components in the diets
of these lizards undergo seasonal fluctuations[27,28]. These dietary shifts
influence  the  intensity  of  nematode  infections  within  the  host,  ulti-
mately  modifying  alterations  in  the  structure  of  the  parasite  commu-
nity.  Consequently,  pharyngodonid  nematodes  that  parasitize  the
intestinal tract represent a significant factor influencing the health and
population  dynamics  of  these  desert  lizards,  as  well  as  the  effective
dispersal of seeds among local Capparis spinosa populations.

To  address  the  prevailing  taxonomic  challenges  within  the  genus
Spauligodon,  this research employed an integrative approach combin-
ing  comparative  morphology  with  phylogenetic  analysis  based  on
nuclear 18S rRNA, 28S rRNA,  and  mitochondrial  cytochrome c
oxidase  subunit  I  (COI)  gene  regions.  Based  on  these  findings,  we
undertook a revision of the diagnostic characteristics of the genus and
constructed a dichotomous identification key. Consequently, we iden-
tified two new species of Spauligodon as intestinal parasites of Eremias
roborowskii and Teratoscincus  roborowskii inhabiting  the  Turpan
Basin.  We thus  believe  that  this  research will  make a  significant  con-
tribution  to  the  clarification  of  the  phylogenetic  affiliations  of
Spauligodon within  the  family  Pharyngodonidae,  as  well  as  augment-
ing the known diversity of helminth parasites in Chinese desert lizards.

 Materials and methods

 Parasite collection
During the 2024–2025 field seasons, a total of 36 Eremias roborow-

skii and  9 Teratoscincus  roborowskii individuals  were  randomly
sampled  from  the  Turpan  Basin  in  Xinjiang  Uygur  Autonomous
Region,  China  (Figs  1, 2).  Of  the  total  specimens,  an  additional  20
individuals each of Eremias roborowskii and Teratoscincus roborowskii
were  obtained  from  the  permanent  specimen  collection  preserved
long-term  in  4%  formalin  (deposited  in  the  Specimen  Repository  of
Xinjiang  Agricultural  University).  Following  euthanasia  via  intra-
peritoneal  injection  of  sodium  pentobarbital,  the  digestive  tract  was

examined  under  a  stereomicroscope.  The  esophagus,  stomach,  small
intestine,  and  large  intestine  were  systematically  dissected  and
examined. Collected nematode specimens were rinsed with physiologi-
cal  saline  to  remove adhering debris  and subsequently  preserved in  a
glycerol–ethanol  conservation  medium  (5%  glycerol,  80%  ethanol).
All  specimens  were  deposited  in  accordance  with  international  bio-
banking standards  at  the  National  Parasite  Resource  Center  of  China
and  assigned  accession  numbers  (Registration  ID:  24F00015BQN~
24F0001aS6D,  60  specimens).  Illustrations  and  maps  were  prepared
and  constructed  using  Adobe  Illustrator  28.0  and  ArcGIS  Pro  3.5.2
software, respectively.

 Morphological observation
Nematodes were cleared in lactophenol and examined using a digi-

tal  microscope  (Motic  BA210)  integrated  with  a  microscopic  image
acquisition  and  analysis  system.  For  scanning  electron  microscopy
(SEM)  observation,  specimens  were  sequentially  rinsed  in  0.2  mol/L
phosphate  buffer  (PB)  and  fixed  overnight  in  FAA  (formaldehyde–
acetic  acid–ethanol–glycerol  standard  fixative).  Following  an  addi-
tional PB rinse,  the specimens were fixed again in FAA for 2 h.  After
further  PB  rinsing,  dehydration  was  carried  out  through  a  graded
ethanol  series  (50%–100%),  each  step  lasting  15  min.  The  specimens
were then subjected to tert-butanol substitution, freeze-dried, and gold
sputter-coated. The observations and imaging were performed using a
Zeiss Supra 55 VP SEM at an accelerating voltage of 2 kV[14]. The pre-
valence  and  intensity  of  nematode  infections  were  calculated  accord-
ing  to  Yan  et  al.[40].  A  dichotomous  identification  key  for  the  genus
was  constructed  based  on  the  differential  morphological  characteris-
tics  among  species.  All  measurements  are  provided  in  micrometers
(μm), unless otherwise indicated.

 Molecular procedures
Genomic  DNA  was  extracted  from  nematode  specimens  using  the

Tiangen Micro DNA Extraction Kit (Tiangen Biotech, Beijing, China).
The nuclear 18S rRNA, 28S rRNA, and mitochondrial COI gene were
subsequently  amplified  via  polymerase  chain  reaction  (Table  1).  The
primer  information  and  cycling  conditions  for  amplifying  the  differ-
ent target regions are provided in Supplementary Table S1. After post-
electrophoresis  quality  assessment  using  GoldView™-stained  agarose
gels  (1.5%),  amplified  DNA fragments  underwent  commercial  purifi-
cation  (Sangon  Biotech,  Shanghai,  China)  followed  by  bidirectional
Sanger  sequencing  on  an  ABI  PRISM® 3730  platform  (Applied  Bio-
systems)  to  ensure  sequence  fidelity.  Raw  sequences  were  assembled
using  DNAMAN  9.0,  with  manual  correction,  followed  by  BLAST
searches  against  the  National  Center  for  Biotechnology  Information
(NCBI) database (https://blast.ncbi.nlm.nih.gov)[13]. The 18S, 28S, and
COI sequence  data  generated  in  this  study  have  been  deposited  into
the GenBank database (www.ncbi.nlm.nih.gov).
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Fig. 1  Wild foraging habitats of the two lizard species in the Turpan Basin,
Xinjiang Uygur Autonomous Region, China. (a) Eremias roborowskii inha-
biting  an  area  beneath Alhagi  camelorum in  the  wild.  (b) Teratoscincus
roborowskii crawling in the wild.
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 Phylogenetic analyses
Sequenced  fragments  were  assembled  and  proofread  using

DNAMAN  9.0.  The  resulting  sequences  were  subjected  to  BLAST
searches  (https://blast.ncbi.nlm.nih.gov/Blast.cgi)  against  the  NCBI
database  (www.ncbi.nlm.nih.gov/genbank).  Phylogenetic  reconstruc-
tion was performed based on a concatenated dataset (18S + 28S + COI)
and  mitochondrial COI sequence  under  both  Bayesian  inference  (BI)
and  maximum  likelihood  (ML)  criteria  using  PhyloSuite  v1.2.2,
respectively,  implemented  in  MrBayes  and  IQ-TREE[43]. Gyrinicola
batrachiensis Walton,  1929  (Oxyurida:  Pharyngodonidae)  was  desig-
nated  as  the  outgroup.  The  ingroup  included  11  species  representing
two  genera  within Spauligodon and Skrjabinodon.  Detailed  informa-
tion on the nematode species  included in the phylogenetic  analysis  is

provided in Supplementary Table S2. The optimal nucleotide substitu-
tion  model  for  the  sequences  was  selected  according  to  the  Bayesian
information  criterion  (BIC).  The  best-fit  partitioning  scheme  and
substitution  models  for  IQ-TREE  2.1.2  were  determined  using  the
ModelFinder module. Bayesian analysis was implemented in MrBayes
3.2.7,  with  four  independent  Markov  Chain  Monte  Carlo  (MCMC)
chains,  each  run  for  5  ×  107 generations  and  sampled  every  1,000
generations. To ensure convergence, the first 25% of the samples were
discarded  as  burn-in.  ML  analysis  was  performed  in  IQ-TREE  using
the Ultrafast Bootstrap (UFBoot) method with 1,000 replicates. The BI
trees were evaluated with 5 million generations, while the reliability of
the ML trees was assessed using 1,000 bootstrap replicates. For the BI
trees,  Bayesian  posterior  probability  (BPP)  values  ≥  0.98  were  con-
sidered  to  indicate  strong  nodal  support,  whereas  values  ≥  0.95  and
<  0.98  indicated  moderate  support.  For  the  ML  trees,  bootstrap
support (BS) values ≥ 80% were interpreted as strong branch support,
while values ≥ 50% and < 80% indicated moderate support. All phylo-
genetic trees were visualized and annotated using the Interactive Tree
of Life (iTOL) v7 platform (https://itol.embl.de/)[13].  Nucleotide poly-
morphism  was  analyzed  using  the  DNA  Sequence  Polymorphism
v6.12.01.  Inter-specific  genetic distances were estimated using MEGA
12.0.
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Fig.  2  Sampling  sites  and  geographic  distribution  of  the  two lizard  species  collected  during  2024−2025  field  surveys  in  the  Turpan Basin,  Xinjiang,  China.
(a) Map of the People's Republic of China, highlighting the location of the Xinjiang Uygur Autonomous Region. (b) Map of the Xinjiang Uygur Autonomous
Region,  indicating  the  Turpan research  area.  (c)  Topographic  map of  the  Turpan Basin,  with  red  markers  denoting  sampling  sites  in  Toksun,  Turpan,  and
Shanshan. (d) Representative arid desert habitat of the research region, illustrating the typical environment inhabited by the two lizard species. (The provincial
administrative  boundary  data  of  China  and  the  geographic  map  were  obtained  from  the  Resource  and  Environmental  Science  Data  Registration  and
Publication System and the built-in geographic base map service of ArcGIS Pro software, respectively).

 

Table  1.  Detailed  information  on  primers  used  for  amplifying  different  target
regions by PCR in the present study.

Gene Primer name Sequence (5'→3') Ref.

18S Nem_18S_F CGCGAATRGCTCATTACAACAGC [41]
Nem_18S_R GGGCGGTATCTGATCGCC

28S 28S_D2_F CGTGTTGCTTGATAGTGCAGC [42]
28S_D2_R TTGGTCCGTGTTTCAAGACGG

COI COISKR_F TTTTTATGGTGATACCTATT [18]
COISKR_R TAGTATTAAAATTACGATCAA
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 Nomenclatural acts
The  new  names  contained  in  this  article  are  available  under  the

International  Code  of  Zoological  Nomenclature.  This  work  and  the
nomenclatural  acts  it  contains  have  been  registered  in  ZooBank.
Zoobank  Life  Science  Identifier  (LSID)  for  this  publication  is:
urn:lsid:zoobank.org:pub:  7707DDA2-9393-4CBA-904A-6F7C147962
B3.  The  LSID  registration  and  any  associated  information  can  be
viewed  in  a  web  browser  by  adding  the  LSID  to  the  prefix https://
zoobank.org/.

 Results

 Species identification
Among the observed nematodes obtained from Eremias roborowskii

and Teratoscincus  roborowskii in  the  Turpan  Basin,  two  undescribed
species are represented. The morphological characteristics of these two
species are described in the following sections.

 Spauligodon turpanoeremius sp. nov.
Type  host: Eremias  roborowskii Bedriaga,  1912  (Squamata:

Lacertidae).
Type locality:  Yilahu Town, Tuokexun County (88°27'  N, 42°50'  E)

and  Kumtag  Desert,  Shanshan  County  (90°23'  N,  42°52'  E),  Turpan
City, Xinjiang Uygur Autonomous Region, China.

Additional  localities:  Gaochang  District  (89°5'  N,  42°58'  E)  and
Tuokexun County  (88°52'  N,  42°51'  E),  Turpan  City,  Xinjiang  Uygur
Autonomous Region, China.

Site in host: intestine.
Prevalence: 19 of 56 Eremias roborowskii examined (33.9%).
Mean  intensity  of  infection  (range):  23.47  (2–169)  parasites  per

host.
Type  specimens:  holotype,  adult  male  (24F00015BQN);  allotype,

adult  female  (24F000193qT);  paratypes:  10  adult  males  and  10
adult  females  (24F0001gW5V~24F0001Ll5k  and  24F0001QCLV~
24F0001ySDA).

Representative  DNA  sequences:  representative  genetic  data  were
deposited  in  the  National  Center  for  Biotechnology  Information
(NCBI)  database  (www.ncbi.nlm.nih.gov)  under  the  accession  num-
bers:  PV607254,  PV607255,  PV607259  (18S);  PV627855,  PV627856,
PV627857 (28S); and PV610208, PV610212 (COI).

ZooBank  registration:  the  LSID  of  the  article  is  urn:  lsid:
zoobank.org:  pub:  7707DDA2-9393-4CBA-904A-6F7C147962B3.  The
LSID  for  the  new  name Spauligodon  turpanoeremius is  urn:  lsid:
zoobank.org: act: A8AE3AC6-7888-4E7A-899D-79C2846C362A.

Etymology: the new species is named after the type locality and the
generic name of its host species.

General  description:  Small-sized,  fusiform  nematodes,  tapering  at
both  ends.  Sexually  dimorphic.  Males  approximately  one-third  the
length of females,  with a truncated cephalic end. Cuticle with distinct
transverse  striations,  starting  at  the  anterior  end  and  extending  until
the caudal  extremity.  Esophagus cylindrical,  surrounded by the nerve
ring in its anterior portion, and terminates in a well-developed, valvu-
lated  bulb.  Esophageal  bulb  separated  from the  esophageal  corpus  by
a  small  constriction.  Excretory  pore  postbulbar,  in  the  shape  of  a
transverse slit.  The posterior part of the tail  gradually tapered into an
elongated,  aspinose  filament.  Lateral  alae  present  in  males,  absent  in
females (Figs 3a–j, 4a–q, 5a–j).

Male  (based  on  the  holotype  and  10  paratypes):  body  length
1,892.71–2,908.41 (2,228.61 ± 137.69), maximum width 174.97–389.67
(276.29  ±  28.23).  Cephalic  end  with  a  rounded  mouth  opening

surrounded by six irregular labial flaps; each lip flanked symmetrically
by a single amphid; cephalic papillae not seen (Figs 3g, 5a, b). Narrow
lateral  alae  present  anteriorly,  originating  anterior  to  the  nerve  ring
and extending anterior  to  the  border  of  caudal  alae,  divided into  two
or three sections (Figs 3f, h, 4e, o). Esophagus 310.63–457.82 (372.42 ±
20.98)  in  total  length;  corpus  length  208.37–331.97  (253.83  ±  16.75);
isthmus  length  30.20–39.03  (33.01  ±  1.18);  bulb  length  74.15–118.02
(93.94 ± 7.88) and width 67.02–108.83 (84.33 ± 6.32). Nerve ring at the
first third of the esophagus (Figs 3f, 4j), 101.61–117.40 (110.10 ± 3.26)
from  the  anterior  end.  Excretory  pore  postbulbar  (Figs  3f, 4e, n),
479.92–782.58  (582.71  ±  54.17)  from the  anterior  end.  Single  tubular
testis  reflexed  immediately  posterior  to  the  excretory  pore  (Fig.  3f).
Tail conical, with slight caudal alae projected at both sides, starting at
the  end  of  the  lateral  alae  and  extending  to  the  posterior  of  the  anal
margin (Figs 3j, 4p, 5i). Three pairs of caudal papillae present: the first
preanal pair of short-stem papillae situated on slightly inflated portion
of the anterior of  the anus,  enclosed by caudal  alae and directed late-
rally;  the second adanal pair of small  sessile papillae situated near the
end of the caudal alae, enclosed and directed ventrolaterally; the third
postanal  pair  of  pedunculated  papillae  situated  at  the  base  of  the  tail
filament,  in  contact  but  not  enclosed  by  caudal  alae  and  directed
outward;  preanal  and  postanal  papillae  well  developed  (Figs  3j, 5i, j).
Genital cone large and prominent, situated in the mid-ventral line and
surrounded by  a  pleated  membranous  curtain  (Figs  3j, 5h, i).  Spicule
60.16–94.67  (73.10  ±  7.48),  proximally  robust  and  distally  pointed,
absent  in  some  specimens  (Figs  3h, i, 4o–q).  Caudal  extremity  ends
elongated, posterior end extending into an aspinose filiform tail  from
postanal  papillae  (Figs  3f, h, j, 4e, p),  198.58–316.82  (263.64  ±  16.71)
long.

Female  (based  on  the  allotype  and  10  paratypes):  body  length
2,336.99–3,261.60 (2,732.77 ± 109.64), maximum width 185.55–602.69
(289.51  ±  16.66).  Cephalic  end  with  a  triangular  mouth  opening
surrounded by three lips, comprising one dorsal lip and two ventrola-
teral  lips.  Each lip is  incompletely divided into two lobes with a shal-
low midline indentation. Mouth opening surrounded by three slightly
bilobed  lips.  One  small  sessile  amphid  on  each  ventrolateral  lip;
cephalic  papillae  not  seen  (Figs  3b, 5c, d).  Esophagus  470.89–626.72
(543.11 ± 16.19) in total length; corpus length 354.67–480.21 (412.76 ±
12.91);  isthmus  length  35.75–48.14  (40.64  ±  1.20);  bulb  length
53.39–156.08 (114.53 ± 4.11) and width 51.50–139.07 (102.29 ± 4.18).
Nerve  ring  at  the  first  third  of  the  esophagus  (Figs  3a, 4f, g, i),
103.86–227.09  (132.54  ±  7.42)  from  the  anterior  end.  Excretory  pore
postbulbar,  254.63–726.24  (530.08  ±  24.00)  from  the  anterior  end.
Vulva slightly posterior to excretory pore, as a transverse slit, situated
at  approximately  the  first  quarter  of  body,  281.25–804.75  (582.23  ±
33.41) from the cephalic end (Figs 3a, c, 4f, k). Thick-walled muscular
ovijector extends posteriorly, continuing as a thin-walled vagina join-
ing  two  uteri  with  eggs,  both  directed  posteriorly  and  parallel  to  one
another,  reaching  the  posterior  end  before  turning  anteriorly,  not
reaching  the  anus;  uteri  continue  anteriorly  to  the  oviducts,  uterus
seen  only  in  nongravid  females  and  females  with  few  eggs.  In  larger
females filled with eggs, the internal structures are not visible (Figs 3a,
c, 4c, f, k, l).  Eggs  asymmetrical,  140.02–164.10  (155.10  ±  3.41)  in
length  and  33.17–47.46  (40.17  ±  2.00)  in  width;  slightly  flattened  on
one side; barrel-shaped with a small knob at one end, ends truncated;
surface smooth and shell thin, containing blastomeres (Figs 3d, 4d, m,
5g).  Tail  tapered  posteriorly  into  a  conical  shape,  gradually  attenuat-
ing  toward  the  caudal  extremity  (Figs  3a, e, 4a, c, 5e);  tail  filament
362.29–635.14 (479.74 ± 14.16) long.

 Spauligodon turpanoscincus sp. nov.
Type  host: Teratoscincus  roborowskii Bedriaga,  1906  (Squamata:

Lacertidae).
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Type locality: Yilahu Town, Tuokexun County (88°24' N, 42°50' E),
Turpan City, Xinjiang Uygur Autonomous Region, China.

Additional  localities:  Gaochang  District  (89°11'  N,  42°51'  E)  and
Kumtag  Desert,  Shanshan  County  (90°21'  N,  42°51'  E),  Turpan  City,
Xinjiang Uygur Autonomous Region, China.

Site in host: intestine.
Prevalence: 9 of 29 Teratoscincus roborowskii examined (31.0%).
Mean  intensity  of  infection  (range):  78.67  (10–300)  parasites  per

host.
Type  specimens:  holotype,  adult  male  (24F0001Ociy);  allotype,

adult  female  (24F0001E7Wo);  paratypes:  10  adult  males  and  10
adult  females  (24F0001koAD~24F0001m8Jn  and  24F0001MgHN~
24F0001aS6D).

Representative  DNA  sequences:  representative  genetic  data  were
deposited  in  the  National  Center  for  Biotechnology  Information
(NCBI)  database  (www.ncbi.nlm.nih.gov)  under  the  accession
numbers:  PV940946,  PV940947  (18S);  PV940949,  PV940950  (28S);
PV976188, and PV976190 (COI).

ZooBank  registration:  the  LSID  of  the  article  is  urn:  lsid:
zoobank.org:  pub:  7707DDA2-9393-4CBA-904A-6F7C147962B3.  The
LSID  for  the  new  name Spauligodon  turpanoscincus is  urn:  lsid:
zoobank.org: act: 91C170A3-F2EF-4E66-A0AD-B49857DAE9DF.

Etymology: the new species is named after the type locality and the
generic name of its host species.

General  description:  Small-sized,  fusiform  nematodes,  tapering  at
both  ends.  Sexually  dimorphic.  Males  approximately  one-third  the
length of females,  with a truncated cephalic end. Cuticle with distinct
transverse striations more marked in males, starting at the anterior end

and extending until the caudal extremity. Lateral alae present in males
and females. Esophagus cylindrical, surrounded by the nerve ring in its
anterior  portion;  the  anterior  portion  of  the  esophagus  ends  was
constricted,  and  terminates  in  a  moderately  developed  bulb  with  a
minute  valve.  Esophageal  bulb  separated  from  the  esophageal  corpus
by  a  small  constriction.  Excretory  pore  postbulbar  (prebulbar  in
developing  females),  in  the  shape  of  a  transverse  slit.  The  posterior
part  of  the tail  gradually  tapered into an elongated,  aspinose filament
(Figs 6a–j, 7a–o, 8a–r).

Male  (based  on  the  holotype  and  10  paratypes):  body  length
1,035.68–1,738.97  (1,318.08  ±  74.45),  maximum  width  54.70–150.23
(93.41  ±  6.87).  Cephalic  end  with  a  hexagonal  mouth  opening  sur-
rounded by six equal trapezoidal labial flaps; a pharyngeal denticle was
clearly observed internally, situated anterior to the esophagus opening;
each  lip  flanked  symmetrically  by  a  single  amphid;  cephalic  papillae
not seen (Figs 6b, 8a–c). Robust lateral alae, originating anterior to the
nerve ring and extending anterior  to the border of  caudal  alae  before
narrowing  (very  narrow  lateral  alae  at  its  start,  but  progressively
extending  along  the  body)  (Figs  6a, c, d, 7c, f, i, 8g).  Esophagus
185.61–270.56  (232.87  ±  9.46)  in  total  length;  corpus  length
121.44–194.09  (157.19  ±  8.03);  isthmus  length  20.28–28.07  (23.96  ±
0.74);  bulb  length  36.01–59.53  (46.85  ±  1.70)  and  width  38.22–59.32
(47.93  ±  1.57).  Nerve  ring  at  first  quarter  to  third  of  the  esophagus
(Figs 6a, 7f), 42.68–66.96 (58.94 ± 3.60) from the anterior end. Excre-
tory  pore  postbulbar  (Figs  6a, 7c, i),  224.13–394.07  (286.26  ±  17.84)
from the anterior end. Single tubular testis reflexed immediately poste-
rior to the excretory pore (Figs 6a, 7c, j). Posterior end truncated, well-
developed caudal alae projected at both sides, starting at the anterior of
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Fig. 3  Spauligodon turpanoeremius sp. nov. (a)–(e) female, and (f)–(j) male. (a) Female, gravid, entire, ventral view; (b) en-face view; (c) excretory pore and
vulva region; (d) egg; and (e) posterior end, ventral view. (f) Male, entire, lateral view; (g) en-face view; (h) posterior end with spicule, lateral view; (i) spicule;
and (j) caudal extremity, ventral view.
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Fig.  4  Digital  micrographs  of Spauligodon turpanoeremius sp.  nov.  isolated  from Eremias  roborowskii.  (a)–(c),  (e)–(g),  (i)–(k)  Female.  (d),  (h),  (l),  (m)–(o)
Male. (a) Female, whole mount, lateral view; (b) transverse striation of cuticle; (c) female gravid, whole mount, lateral view; (d) male, whole mount, lateral view;
(e) female, anterior end, lateral view; (f) nerve ring; (g) cephalic end, ventral view; (h) male, cephalic end, ventral view; (i) female, excretory pore and vulva,
lateral  view;  (j)  female,  posterior  end,  ventral  view;  (k)  eggs;  (l)  male,  excretory  pore,  lateral  view;  (m)  male,  posterior  end,  lateral  view;  (n)  male,  caudal
morphology, highlighting the spicule, caudal alae, and papillae, ventral view; (o) spicule. AAP, adanal papillae; AN, anus; CA, caudal alae; EB, esophageal bulb;
EG,  eggs;  ES,  esophagus;  EX,  excretory  pore;  IN,  intestine;  LA,  lateral  alae;  LF,  labial  flaps;  LP,  lips;  NR,  nerve  ring;  PAP,  preanal  papillae;  POAP,  postanal
papillae; SP, spicule; TA, transverse annulations; TL, tail; VU, vulva.
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the  preanal  papillae  and  extending  posterior  to  the  postanal  papillae
(Figs  6a, c, 7c, k, 8k).  Three  pairs  of  conspicuous  caudal  papillae  are
present:  the  first  preanal  pair  of  short-stem  papillae  situated  on  the
anterior of the anus, enclosed by caudal alae and directed laterally; the
second adanal pair of larger papillae situated near the end of the caudal
alae,  enclosed  and  directed  ventrolaterally;  the  third  postanal  pair  of
conspicuous pedunculated papillae situated at the base of the tail fila-
ment, in contact but not enclosed by caudal alae and directed outward.
Two symmetrical slight cone-like processes flank the postanal papillae;
adanal  and  postanal  papillae  well  developed  (Figs  6a, c, 7k, 8k, n, o).
Genital cone large and prominent, situated in the mid-ventral line and
surrounded  by  a  pleated  membranous  curtain  (Figs  6c, 7l, 8k, l).
Spicule  48.30–56.05  (52.17  ±  3.88),  pointed  at  both  ends  and  thick-
ened  in  the  middle,  absent  in  some  specimens  (Figs  6d, e, 7j).  The
caudal extremity ends are large and robust,  the posterior end extend-
ing into an aspinose filiform tail  from postanal papillae (Figs 6a, c, d,
7c, k), 152.83–276.96 (216.45 ± 9.39) long.

Female  (based  on  the  allotype  and  10  paratypes):  body  length
2,268.21–4,365.16 (3,576.47 ± 246.85), maximum width 188.01–515.84
(327.62  ±  20.86).  Cephalic  end  with  a  triangular  mouth  opening
surrounded by three lips, comprising one dorsal lip and two ventrolat-
eral lips. The dorsal lip is divided into two distinct lobes, whereas the
ventrolateral lip is incompletely divided into two lobes with a shallow
midline  indentation.  Two  symmetrically  arranged  small  pores  are
present  on  each  lip.  Mouth  opening  surrounded  by  three  subequal

triangular  bilobed  lips,  with  tooth-like  structures  present  dorsally  on
the  external  lips.  One  small  sessile  amphid  on  each  ventrolateral  lip;
cephalic papillae not seen (Figs 6g, 8d–f). Very tenuous, almost imper-
ceptible, parallel double lateral alae along the body, starting anterior to
the  excretory  pore  and  extending  anterior  to  the  base  of  the  caudal
extremity  (Figs  6f, h, i, 8h, p–r).  Esophagus  480.19–631.27  (537.40  ±
15.55)  in  total  length;  corpus  length  353.24–480.38  (405.26  ±  12.59);
isthmus  length  27.41–39.19  (32.50  ±  1.27);  bulb  length  74.11–136.38
(101.04  ± 3.68)  and width 80.76–107.61  (92.95  ± 2.11).  Nerve  ring  at
the  first  quarter  to  third  of  the  esophagus  (Figs  6f, 7e),  82.25–189.01
(114.55  ±  8.09)  from the  anterior  end.  Position  of  the  excretory  pore
varied  with  developmental  stage:  prebulbar  in  developing  females,
177.73–364.89  (255.62  ±  39.57)  from  the  anterior  end;  postbulbar  in
mature adults,  349.80–621.45 (477.99 ± 28.58) from the anterior end.
Vulva  slightly  posterior  to  excretory  pore,  as  a  transverse  slit;  the
distance  from  the  anterior  end  measured  205.06–431.84  (301.16  ±
48.27) in the development stage and 417.84–684.58 (536.56 ± 27.76) at
the  maturation  stage  (Figs  6f, h, 7a, h, 8i, j).  Thick-walled  muscular
ovijector extends posteriorly, continuing as a thin-walled vagina join-
ing  two  uteri  with  eggs,  both  directed  posteriorly  and  parallel  to  one
another,  reaching  the  posterior  end  before  turning  anteriorly,  not
reaching  the  anus;  uteri  continue  anteriorly  to  the  oviducts,  uterus
seen  only  in  nongravid  females  and  females  with  few  eggs.  In  larger
females filled with eggs, the internal structures are not visible (Figs 6f,
h, 7a, b, h). Eggs asymmetrical, 140.59–161.32 (150.62 ± 1.44) in length
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Fig.  5  Scanning  electron  micrographs  of Spauligodon  turpanoeremius sp.  nov.  isolated  from Eremias  roborowskii.  (a),  (b),  (h)–(j)  Male.  (c)–(g)  Female.
(a) Cephalic end of the male; (b) amphid at the cephalic end; (c) cephalic end of the female; (d) three equal triangular labial flaps and the mouth opening at the
cephalic end; (e) smooth caudal region in the female; (f) anus at the caudal region; (g) egg morphology in the female; (h) complex membranous curtain and
genital cone in the male anal region; (i) ventral view of the caudal extremity of the male; (j) caudal papillaes. AAP, adanal papillae; AMP, amphid; AN, anus;
CA,  caudal  alae;  EG,  eggs;  GC,  genital  cone;  LF,  labial  flaps;  LP,  lips;  MO,  mouth  opening;  PAP,  preanal  papillae;  POAP,  postanal  papillae;  TA,  transverse
annulations; TL, tail; TLF, triangular labial flaps.
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and 39.79–56.89 (47.25 ± 1.05) in width; slightly flattened on one side;
barrel-shaped  with  two  knobs  at  the  end,  ends  truncated;  surface
smooth and shell thin, containing blastomeres (Figs 6j, 7o). Tail tape-
red posteriorly  into a  conical  shape,  gradually  attenuating toward the
caudal  extremity  (Figs  6f, i, 7a, m, 8m);  tail  filament  507.47–1,017.17
(784.69 ± 32.13) long.

Remarks: The overall morphological characteristics of the two novel
species allow their assignment to the family Pharyngodonidae: females
exhibit  a  vulva  opening situated in  the  anterior  part  of  the  body,  just
behind  the  excretory  pore,  while  males  possess  the  posterior  pair  of
papillae not enclosed by the caudal alae, features consistently observed
in  the  genus Spauligodon (Supplementary  Tables  S3, S4)[11].  Conse-
quently, the new species conform to the generic diagnosis of the genus
Spauligodon,  based  on  the  position  of  the  vulva  in  females  and  the
morphology of the caudal alae in males.

The  two novel  species  identified  in  this  study  diverge  morphologi-
cally from the type species of the genus Spauligodon, S. extenuatus,  in
the  following  diagnostic  characteristics:  females  possess  cephalic
papillae, occurrence of lateral alae, vulva situated at level of esophageal
bulb,  and  tail  filament  with  spines;  males  exhibit  broad  lateral  alae,
short and narrow caudal alae, and distinct differences in the morpho-
logy and dimensions of the caudal papillae.

Males  of  the  new  species Spauligodon  turpanoeremius sp.  nov.
possess  inconspicuous,  bursa-like  caudal  alae  enclosing  the  preanal
and  adanal  pairs  of  papillae,  resembling  conditions  observed  in S.
aloisei, S. atlanticus, S. bintangensis, S. geckonis, S. lamothei, S. loboi, S.
occidentalis, S. papuensis,  and S. xenosauri.  However, females of those

species  bear  1−9  spines  on  the  tail  filament,  or  males  possess  1–7
spines.  In  contrast,  the  new  species, Spauligodon nicolauensis, S.
sharpiloi, and S. tectipenis exhibit an elongated, smooth tail filament in
females and lack spines on the tail filament in males. Additionally, the
new  species  possesses  a  single  conspicuous  spicule,  while  it  is  absent
in Spauligodon nicolauensis, S. sharpiloi, and S. tectipenis. Spauligodon
nicolauensis further  differs  from  the  new  species  in  the  morphology
and size  of  the  three  pairs  of  caudal  papillae  in  males:  its  first  pair  is
prominently  pedunculated,  the  second  pair  is  large  with  thick,  large
peduncles,  and  the  third  pair  is  smaller  than  the  second;  in  the  new
species, the first pair is short-stem, the second pair is a smaller sessile
papillae,  and  the  third  pair  is  prominently  pedunculated.  Although
Spauligodon sharpiloi exhibits  numerous  morphological  differences
from the new species, the most pronounced distinction lies in the male
lateral  alae:  it  possesses  narrow  double  lateral  alae,  whereas  the  new
species bears only a single broad lateral alae. Hence, the new species is
morphologically distinct from the type species and other congeners of
Spauligodon.

Males  of  the  new  species Spauligodon  turpanoscincus sp.  nov.
possess well-developed caudal alae supported by the preanal and ada-
nal  pairs  of  papillae,  enabling  its  clear  differentiation  from  all  afore-
mentioned  congeners,  including  the  co-described S. turpanoeremius
sp.  nov.  It  shares  greater  morphological  affinity  with  species  such  as
Spauligodon aspiculus, S. auziensis, S. blydeensis, S. bonairensis, S.
caxiuana, S. giganticus, S. hemidactylus, S. mearnsi,  and S. persiensis.
However,  females  of  those  species  either  lack  lateral  alae  or  males
exhibit  broad  lateral  alae  that  reach  their  maximum  width  on  the
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Fig. 6  Spauligodon turpanoscincus sp. nov. (a)–(e) Male. (f)–(j) Female: (a) male, entire, ventral view; (b) male, en-face view; (c) male, caudal extremity, lateral
view; (d) male, posterior end with spicule, lateral view; (e) spicule. (f) female, gravid, entire, ventral view; (g) female, en-face view; (h) female, excretory pore
and vulva region; (i) female, posterior end with lateral alae, ventral view; (j) egg.
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anterior portion of the anus. In contrast, the new species, Spauligodon
tarentolae and S. timbavatiensis, possess  lateral  alae  in  females  and
narrow  lateral  alae  in  males.  The  new  species  can  be  readily  distin-
guished  from Spauligodon tarentolae and S. timbavatiensis following
these characteristics: the second and third pairs of papillae in males of
the  new  species  are  pedunculated,  whereas  those  of S. tarentolae are

long-pedunculated; females of the new species exhibit a dorsal lip with
two  distinct  lobes  and  ventrolateral  lips  with  two  incomplete  lobes,
whereas all lips are divided into two distinct lobes in S. timbavatiensis.
Hence,  the  new  species  is  morphologically  distinct  from  the  type
species and other congeners of Spauligodon.

Key to the species of the genus Spauligodon based on phylogenetic analyses
1) Double lateral alae in males Spauligodon sharpiloi
1.1) Single lateral alae in males 2
2) Tail filament with 1−5 spines in males Spauligodon carbonelli
2.1) Caudal filament in males lack spines 3
3) Mouth opening with a cephalic papillae on each of six labial flaps, two symmetrically arranged amphids present lateral to
the lips in males

Spauligodon auziensis

3.1) Mouth  opening  without  cephalic  papillaes  on  each  of  six  labial  flaps,  two  symmetrically  arranged  amphids  present
lateral to the lips in males

4
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Fig. 7  Digital micrographs of Spauligodon turpanoscincus sp. nov. isolated from Teratoscincus roborowskii. (a)–(c), (f), (h), (j) Female. (d), (e), (g), (i), (k), (l),
(m)  Male:  (a)  female,  whole  mount,  lateral  view;  (b)  anus,  lateral  view;  (c)  female,  gravid,  whole  mount,  lateral  view;  (d)  male,  whole  mount,  ventral  view;
(e) transverse striation of cuticle; (f) female, cephalic end, ventral view; (g) male, cephalic end, ventral view; (h) female, excretory pore and vulva, lateral view;
(i)  male,  esophageal  bulb,  intestine  and  excretory  pore,  ventral  veiw;  (j)  eggs;  (k)  male,  caudal  morphology,  caudal  alae  and  papillaes,  ventral  view;
(l) highlighting the genital cone, lateral view; (m) male, posterior end, lateral view. AAP, adanal papillae; AN, anus; CA, caudal alae; EB, esophageal bulb; EG,
eggs;  ES,  esophagus;  EX,  excretory  pore;  GC,  genital  cone;  IN,  intestine;  LA,  lateral  alae;  LP,  lips;  NR,  nerve  ring;  PAP,  preanal  papillae;  POAP,  postanal
papillae; SP, spicule; TA, transverse annulations; TL, tail; VU, vulva.
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4) Mouth opening with a pair of setiform erect cephalic papillae on each of three labial  flaps,  two symmetrically arranged
amphids present lateral to the lips in females; a pair of short-stem papillae at the base of tail filament in males

Spauligodon extenuatus

4.1) Mouth opening without cephalic  papillaes  on each of  three labial  flaps,  two symmetrically  arranged amphids present
lateral to the lips in females; a pair of prominent and pedunculated papillae at the base of tail filament in males

5

5) Cephalic end with three slightly bilobed lips in females 6
5.1) Cephalic end with three conspicuously bilobed lips in females 7
6) Vulva situated in the anterior of the esophageal bulb just behind the excretory pore in females Spauligodon atlanticus
6.1) Vulva situated in the posterior of the esophageal bulb just behind the excretory pore in females Spauligodon nicolauensis
7) Males approximately half the length of females; lateral alae reaching maximum width on the anterior of the anus; a pair of
pedunculated papillae present the anterior to the anus, postanal papillae larger than the first pair

Spauligodon occidentalis

7.1) Males approximately one-third the length of females; lateral alae terminating the anterior to the anus; a pair of short-
stem papillae present the anterior to the anus, postanal papillae larger than the first pair

8

8) Parallel double lateral alae in females, broad caudal alae in males Spauligodon turpanoscincus
8.1) Absence of lateral alae in females; inconspicuous caudal alae in males 9
9) Tail filament with 5−9 spines in females; eggs oval Spauligodon cabrerae
9.1) Caudal filament in females lack spines; eggs barrel-shaped 10
10) Presence of genital cone and single spicule in males Spauligodon turpanoeremius
10.1) Presence of genital cone but absence of spicule in males 11
11) Parasites primarily inhabiting the large intestine Spauligodon saxicolae
11.1) Parasites primarily inhabiting the small intestine Spauligodon lacerate

 Molecular characterization
 Phylogenetic analysis of Spauligodon turpanoeremius sp. nov.
and S. turpanoscincus sp. nov.

The 18S sequences of Spauligodon turpanoeremius sp. nov. obtained
herein  are  870–882  bp  in  length  with  2.2%  nucleotide  divergence,
representing  three  different  genotypes.  The 28S sequences  are  595–
610  bp  in  length  with  0.1%  nucleotide  divergence,  representing  two
different genotypes. The COI sequences are 452–453 bp in length with
no  nucleotide  polymorphism  detected.  Pairwise  comparison  of  the
18S, 28S,  and COI sequences  of Spauligodon  turpanoeremius sp.  nov.
with those of Spauligodon spp.  displayed 0.1% to 2.3%, 3.0% to 6.1%,
and 8.7% to 12.1% nucleotide divergence.

The 18S sequences of Spauligodon turpanoscincus sp. nov. obtained
herein  are  920–937  bp  in  length  with  no  nucleotide  polymorphism
detected.  The 28S sequences  are  624–634  bp  in  length  with  0.2%
nucleotide divergence, representing two different genotypes.  The COI
sequences  are  450–451 bp in length with 0.9% nucleotide divergence,
representing two different genotypes. Pairwise comparison of the 18S,
28S,  and COI sequences  of Spauligodon  turpanoscincus sp.  nov.  with
those of Spauligodon spp. displayed 1.2% to 1.6%, 1.2% to 10.4%, and
9.0% to 13.3% nucleotide divergence.

Phylogenetic  trees  reconstructed  from  the  obtained  concatenated
(18S + 28S + COI)  sequence  data  of  pharyngodonid  nematodes  from
Eremias roborowskii and Teratoscincus roborowskii using the Bayesian
inference (BI) and maximum likelihood (ML) methods exhibited high
topological  congruence  and  consistently  revealed  that Spauligodon
turpanoeremius sp.  nov.  and S. turpanoscincus sp.  nov.  formed  two
distinct  monophyletic  clades,  separate  from  other  congeneric  species
within Spauligodon (Fig.  9).  In  the  concatenated  dataset  analyzed
under  the  BI  and  ML  methods  with Gyrinicola  batrachiensis desig-
nated  as  the  outgroup,  the  representatives  of  the  family  Pharyn-
godonidae  were  divided  into  two  major  clades.  Clade  I  consisted  of
representatives of the Pharyngodonidae, as well as Spauligodon turpa-
noeremius sp.  nov.  and S. turpanoscincus sp.  nov.  identified  in  this
study; Clade II contained only one undetermined species of the genus
Spauligodon,  Spauligodon sp.  In  Clade  I, Spauligodon  turpanoscincus
sp.  nov.  formed a  separate  branch with strong support  in  BI  and ML
trees (BPP = 0.98;  BS = 87).  Meanwhile,  other species  of Spauligodon
and Skrjabinodon from Clade I clustered together with Spauligodon sp.
from Clade II to form a larger clade; however, the species within Clade
I were further subdivided into several distinct and stable subclades that
were strongly supported in the BI tree but moderately supported in the
ML  tree. Spauligodon  auziensis stood  apart  from  other  species  and

formed  a  distinct  subclade  with  strong  support  in  BI  and  ML  trees
(BPP = 1; BS = 99). Furthermore, Spauligodon turpanoeremius sp. nov.
also  formed  an  independent  branch  within  a  subclade  of  Clade  I,
exhibiting extremely strong support in BI and ML trees (BPP = 1; BS =
96).  Notably, Skrjabinodon  poicilandri (Pharyngodonidae)  may  be
erroneously nested within the Spauligodon clade, forming a sister rela-
tionship to other species of Spauligodon with weak support in BI and
ML  trees. Spauligodon  carbonelli + S. atlanticus + S. lacertae + S.
cabrerae + (S. occidentalis + S. extenuatus) formed a subclade that was
strongly  supported  in  the  BI  tree,  but  moderately  supported  in  the
ML  tree  (BPP  =  1;  BS  =  76);  this  subclade  further  clustered  with S.
nicolauensis + S. saxicolae to  form  a  larger  subclade  that  was  weakly
supported  in  the  BI  and  ML  trees.  Accordingly,  the  sequences  of  the
species described in this study belong to the genus Spauligodon, form-
ing  two distinct  clades  on  the  phylogenetic  tree  that  are  clearly  sepa-
rated from other species in the genus.

 Phylogenetic analysis of the genus Spauligodon
Genetic  distances  (p-distance)  for Spauligodon  turpanoeremius sp.

nov.  and S. turpanoscincus sp.  nov.  were  calculated  across COI and
concatenated sequences (Table 2). The genetic divergence between two
new  species  and  their  congeners  exceeded  the  interspecific  distances
observed  among  other  congeneric  taxa:  based  on COI sequences,  the
uncorrected p-distance for Spauligodon turpanoeremius sp. nov. and S.
turpanoscincus sp.  nov.  ranged  from  13.05%–21.24%  and  13.53%–
19.51% greater than the 5.95%–19.61% divergence among the congene-
ric  taxa;  and  for  concatenated  sequences,  values  were  5.84%–9.34%
and 7.67%–9.92% vs 2.75%–9.35%.

Furthermore,  our  analyses  revealed  that  phylogenetic  trees  recon-
structed from the mitochondrial COI sequence data  using the BI  and
ML  methods  had  almost  identical  topologies  and  strong  support  for
Spauligodon  turpanoeremius sp.  nov.  and S. turpanoscincus sp.  nov.
(Fig.  10).  Within  these  phylogenies,  species  of Spauligodon consis-
tently  clustered  into  two  distinct  clades  and  were  clearly  separated
from  the  genus Skrjabinodon.  Consequently,  congeneric  species  clus-
tered  together  into  a  monophyletic  clade,  thereby  permitting  the
unequivocal differentiation of these morphologically similar genera in
molecular  phylogenetic  analyses  and implying  divergent  evolutionary
trajectories. The two newly described species formed a distinct mono-
phyletic clade with sympatric distribution, but Spauligodon turpanosci-
ncus sp.  nov.  demonstrated  a  longer  genetic  distance  and  a  higher
evolutionary rate compared to S. turpanoeremius sp. nov., indicative of
substantial  sequence divergence between them. An additional  issue is
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Fig. 8  Scanning electron micrographs of Spauligodon turpanoscincus sp. nov. isolated from Teratoscincus roborowskii. (a)–(c), (g), (k), (l), (n), (o) Male. (d)–(f),
(h)–(j), (m), (p)–(r) Female: (a) cephalic end of the male; (b) amphid at the cephalic end; (c) denticle at the cephalic end in the male; (d) cephalic end of the
female;  (e)  amphid at  the cephalic  end in the female;  (f)  three well-developed bilobed labial  flaps  and the mouth opening at  the cephalic  end in the female;
(g) lateral view of the midbody of the male; (h) lateral view of the midbody of the female; (i) ventral view of the excretory pore and vulva in the anterior region
of the female; (j) excretory pore in the female; (k) ventral view of the caudal extremity of the male; (l) complex membranous curtain and genital cone in the
male anal region; (m) caudal filament of the female; (n) postanal papillae; (o) adanal papillae; (p) ventral view of the anus in the caudal region of the female;
(q) smooth caudal region in the female; (r) termination point of the lateral alae and cuticular pit in the caudal region of the female. AAP, adanal papillae; AMP,
amphid; AN, anus;  CA, caudal alae;  DE, denticle;  EX, excretory pore;  GC, genital  cone; LA, lateral  alae;  LF, labial  flaps;  LP, lips;  MO, mouth opening; PAP,
preanal papillae; POAP, postanal papillae; TA, transverse annulations; TL, tail; VU, vulva.
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that  a  notable  incongruence  emerged  between  morphology  and
phylogeny.  For  instance,  despite  their  close  phylogenetic  affinity,
Spauligodon auziensis and S. nicolauensis exhibit marked morphologi-
cal differentiation: males of S. auziensis possess broad lateral alae and
caudal alae, pedunculated papillae, and the presence of a spicule, with
females featuring lateral alae and spindle eggs; in contrast, males of S.
nicolauensis are  characterized  by  narrow  lateral  alae  and  caudal  alae,
prominently  pedunculated  papillae,  and  absence  of  a  spicule,  with
females  lacking  lateral  alae  and  lanceolate  eggs.  Similar  discordances
were  observed  for  other  species  pairs: Spauligodon saxicolae and S.
carbonelli, S. lacertae and S. extenuatus, all of which were phylogeneti-
cally  proximate  yet  morphologically  distinct.  Conversely,  although
the  species  pair  between Spauligodon atlanticus and S. occidentalis
exhibited considerable morphological similarity,  they were positioned
distantly  within  the  phylogenetic  tree.  An  analogous  pattern  was
observed for Spauligodon saxicolae and S. lacertae.

 Discussion
Spauligodon represents  the  most  speciose  genus  within  the  family

Pharyngodonidae.  Although  Pazoki  et  al.[5] and  Hodda[25] recorded
50  and  44  described Spauligodon species,  respectively,  the  genus  is

generally  considered  to  comprise  57  recognized  species,  17  of  which
have  been  documented  in  the  Palaearctic  realm[7,8,11,44].  The  newly
described Spauligodon  turpanoeremius and S. turpanoscincus, both
originating  from  the  Palaearctic  realm,  represent  the  18th and  19th

species  recorded  from  this  biogeographic  zone  and  are  designated  as
the 58th and 59th valid species within the genus.

Traditionally, the delineation within the genus Spauligodon is based
on the presence or  absence of  the  spicule  in  males,  the  occurrence of
spines on the tail  filament of  adults,  egg morphology,  and geographi-
cal  distribution[45].  The  genus Skrjabinodon shows  a  close  phyloge-
netic  affinity  to Spauligodon,  with  primary  diagnostic  characteristics
including size, morphology, number of spines on the caudal extremity,
number of caudal papillae, and egg morphology[19]. In many cases, the
taxonomy  remains  predominantly  morphology-based.  Although  spe-
cies of Skrjabinodon are generally morphologically similar to Spauligo-
don, males of the former can generally be distinguished by the absence
of caudal alae and the presence of sessile, frequently reduced papillae.
Contrastingly,  the  females  of  these  two  genera  typically  lack  reliably
differential  morphological  characteristics  for  generic  discrimination,
which  represents  a  source  of  taxonomic  ambiguity[21].  For  instance,
Castillo  et  al.[46] assigned Spauligodon  castillensis to Skrjabinodon
based solely  on the  absence  of  caudal  alae  in  males,  utilizing  tail  fila-
ment morphology, number of spines, and geographical distribution as

 

Fig. 9  Bayesian inference (BI) and maximum likelihood (ML) inference based on the concatenated (18S + 28S + COI) sequence data shows the phylogenetic
relationships among the representatives of Pharyngodonidae, Spauligodon turpanoeremiussp. nov. and S. turpanoscincussp. nov.

 

Table 2.  Uncorrected p-distance (%) of Spauligodon turpanoeremius sp. nov. and S. turpanoscincus sp. nov. sequences (COI above diagonal; concatenated sequences below
diagonal).

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1. S. turpanoeremius sp. nov. 13.75 16.15 21.24 17.81 13.05 15.30 14.38 15.04 16.44 15.04 15.27 26.83 31.42
2. S. turpanoscincus sp. nov. 8.46 15.96 19.51 17.62 13.53 16.02 16.41 16.63 16.02 17.74 15.08 27.91 30.60
3. S. atlanticus 7.50 8.54 18.86 15.88 5.95 12.04 12.38 19.61 13.79 15.43 12.38 29.00 30.39
4. S. auziensis 9.34 9.92 9.35 21.36 18.17 19.15 18.17 19.03 20.23 21.11 17.82 30.89 29.93
5. S. cabrerae 7.85 9.30 3.78 9.58 14.49 13.96 13.96 18.15 14.66 17.98 14.14 29.27 31.76
6. S. carbonelli 6.31 7.67 2.75 8.46 4.69 12.91 10.61 18.49 13.61 15.27 11.74 29.27 30.71
7. S. extenuatus 7.09 8.89 3.37 9.64 3.25 4.22 8.73 17.80 10.82 15.88 12.22 29.81 30.37
8. S. lacertae 7.03 9.01 3.25 9.40 3.08 3.93 1.92 17.36 10.65 15.11 12.38 28.46 28.78
9. S. nicolauensis 7.81 8.59 8.27 8.75 8.22 7.54 7.86 7.86 19.37 18.81 17.20 26.56 30.23
10. S. occidentalis 7.32 9.01 3.31 9.63 3.60 4.51 2.56 2.61 7.92 17.10 12.39 28.46 30.19
11. S. saxicolae 5.84 8.43 5.39 8.75 5.98 4.98 5.51 5.22 7.07 5.92 17.36 28.46 29.42
12. Spauligodon sp. 7.75 8.75 7.42 5.61 7.48 6.82 7.07 7.25 8.16 7.07 7.05 27.64 29.26
13. Skrjabinodon poicilandri 16.81 17.77 18.05 18.33 18.05 17.32 18.35 17.99 17.45 18.04 16.97 17.75 34.96
14. Gyrinicola batrachiensis 20.01 20.70 20.30 20.53 20.60 19.83 20.48 19.88 19.70 20.77 19.28 20.24 21.79
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key  characteristics  to  differentiate  it  from  other  congeners.  Corre-
spondingly,  species  identification in Spauligodon is  largely  dependent
on alternative  male  characteristics,  notably  morphological  differences
in  the  caudal  papillae  and  the  genital  cone[2,15].  For  example, Spauli-
godon  occidentalis and S. atlanticus have  extremely  similar  male  and
female characteristics, differing only in the size and shape of the three
pairs  of  caudal  papillae  in  males[47].  To  rectify  current  ambiguities
in  taxonomic  assignment,  we  sought  to  revise  the  generic  key  for
Spauligodon,  including  the  incorporation  of  supplementary  morpho-
logical evidence.

The  males  of  the  genus Spauligodon are  characterized  by  pro-
nounced  male  dimorphism,  with  two  distinct  male  morphotypes
within  a  single  species.  One  of  these  morphotypes  has  the  typical
Spauligodon phenotype,  featuring  caudal  alae  supported  by  postanal
papillae,  well-developed  pedunculate  papillae,  and  a  genital  cone,
whereas  the  other  lacks  caudal  alae  and  a  genital  cone,  has  reduced
sessile  papillae,  and  bears  a  spicule—features  that  morphologically
bear  a  close  resemblance  to  those  of Skrjabinodon[21].  This  pheno-
menon represents a  considerable challenge with respect  to traditional
taxonomic practices primarily based on male morphological characte-
ristics  for  species  identification.  Nevertheless,  genetic  analyses  of
Spauligodon  saxicolae and  related  species  by  Jorge  et  al.[21] have  con-
firmed  that  despite  marked  morphological  disparities,  both  male
morphotypes belong to the same species, thereby indicating that male
dimorphism represents intra-specific variation within the genus rather
than  serving  as  a  means  for  distinguishing  discrete  species.  Conse-
quently,  in  assessments  of  the  taxonomy  of Spauligodon and  related
genera,  it  is  imperative  to  carefully  consider  the  implications  of  male
dimorphism  in  their  classification  frameworks.  The  morphological
features  of  the  two new species  described  in  this  study  are  consistent
with this phenomenon, further emphasizing that the presence of male
dimorphism, coupled with insufficient diagnostic  characteristics,  may
lead  to  erroneous  generic  assignment  of  a  species  to  a  closely  related
genus. Given these considerations, comprehensive examinations based
on  scanning  electron  microscopy,  focusing  on  lip  morphology  and
number  of  labial  flaps,  the  position,  number,  and  morphology  of  the
amphid, lateral alae configuration, pleated membranous curtain of the
genital  cone,  size  and  shape  of  male  caudal  papillae,  and  degree  of
caudal  alae  development,  can provide key diagnostic  criteria  to  mini-
mize  taxonomic  misidentification.  Moreover,  these  features  can  be
augmented by combining with comparative morphological analysis of
key  diagnostic  characters,  including  body  dimensions,  the  start  and
end of the lateral alae, esophageal and bulb dimensions, distances from

the  anterior  end  to  the  nerve  ring,  excretory  pore  and  vulva,  spicule
length, and the number of spines on the tail filament[5].

In addition to the aforementioned inaccuracies in species identifica-
tion, the current paucity of genetic data for the Pharyngodonidae has
impeded  satisfactory  resolution  of  the  phylogenetic  relationships
among  these  taxa[18,21,32,48],  thereby  presenting  a  major  obstacle  to
elucidating  the  evolutionary  history  of  this  taxon[49].  Research
conducted to date  on Spauligodon has  focused primarily  on morpho-
logical descriptions and comparisons, with a notable paucity of mole-
cular phylogenetic data. This lack of data not only hinders the clarifi-
cation  of  infrageneric  relationships  and  accurate  description  of  new
species but raises the possibility of cryptic species or taxonomic confu-
sion  among  taxa  described  from  biogeographical  regions[1].  Further-
more, the generic placement and validity of certain species within the
genera Spauligodon and Skrjabinodon remain unclear. Although mor-
phological  characterization has  been completed for  most Spauligodon
species, genetic characterization remains limited. This paucity of mole-
cular data[11],  combined with ambiguous generic diagnostic traits, has
resulted  in  the  poorly  defined  delimitation  between Spauligodon and
Skrjabinodon, thereby corroborating the observations of Binh et al.[50].
In the present study, comparative morphological and molecular phylo-
genetic analyses revealed only minor morphometric divergences from
previously  described  congeners.  Moreover,  molecular  phylogenetic
analyses revealed that species of Spauligodon and Skrjabinodon cluster
within  a  single  monophyletic  clade  comprising  independent,  albeit
closely related, evolutionary lineages, thereby corroborating the conclu-
sions of Mockett et al.[18]. Notably, phylogenetic reconstructions based
on  the  mitochondrial COI gene  and  a  nuclear–mitochondrial  multi-
gene  strategy  consistently  supported  the  validity  of  both Spauligodon
turpanoeremius and S. turpanoscincus,  each  forming  independent
lineages  distinct  from  those  of  other Spauligodon species  and  related
pharyngodonid  taxa.  In  addition,  all  congeners  clustered  into  three
subclades,  two  of  which  comprise  species  isolated  exclusively  from
lacertid hosts (with the exception of Spauligodon nicolauensis) and one
containing  only S. auziensis derived  from  phyllodactylid  hosts.  Our
findings are consistent with the conclusions drawn by Ferreira et al.[49],
who  indicated  that Spauligodon  auziensis and S. nicolauensis do  not
form a monophyletic clade. Paradoxically, as a parasite of lizards in the
family  Phyllodactylidae, Spauligodon  nicolauensis was  consistently
found to be nested within the lacertid-associated clade. This contrasts
with the findings of Pereira et al.[1], who placed Spauligodon auziensis
and S. nicolauensis within  strongly  supported  monophyletic  clades.
Our  findings  also  differ  from  those  of  Chabaud  et  al.[51] and

 

Fig. 10  Phylogenetic relationships between Spauligodon turpanoeremius sp. nov. and S. turpanoscincus sp. nov. inferred from COI sequences using Bayesian
inference (BI) and maximum likelihood (ML) methods.
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Adamson[38],  indicating speciation within this  pharyngodonid lineage
is  consistent  with  host  taxonomy  rather  than  geographical  distribu-
tion.  Consequently,  this  study provides  robust  support  for  the phylo-
genetic placement of Spauligodon turpanoeremius and S. turpanoscin-
cus within Spauligodon,  thereby  emphasizing  that  the  lineages  of
pharyngodonid  parasites  in  reptiles  have  passed  through a  speciation
process led by the host.

On  the  basis  of  their  divergence  in  different  groups  of  hosts,
Petter[52] and  Petter  et  al.[2] have  distinguished  two  evolutionary
lineages  among pharyngodonid nematodes.  The  first  lineage  includes
all  Pharyngodonidae  of  carnivorous  saurians,  including  the  genus
Spauligodon, and the second evolutionary lineage includes the Pharyn-
godonidae  of  herbivorous  Iguanidae  and  Testudinidae,  comprising
various  genera  such  as Tachygonetria.  In  this  study,  we  revealed  that
species  of Spauligodon predominantly  inhabit  the  intestinal  tracts  of
carnivorous  and  omnivorous  lizards,  and  that  their  morphological
characteristics  exhibit  a  discernible  correlation  with  host  dietary  eco-
logy,  indicating  that  key  diagnostic  traits  in  both  males  and  females
may undergo modification in response to shifts in host feeding strate-
gies.  Nematodes  in  the  genus Spauligodon parasitizing  carnivorous
lizards display pronounced and readily distinguishable morphological
characteristics, such as the well-developed caudal papillae characteriz-
ing  the  males  of Spauligodon  cubensis and S.  nicolauensis[12,48,53].
Similarly, the males of Spauligodon bonairensis have broad lateral and
caudal alae, with both the males and females bearing spines on the tail
filament[54,55],  whereas  in  the  males  of S. aloisei and S. xenosauri,  the
caudal  alae  are  comparatively  inconspicuous[6,53,56,57].  The  males  of
Spauligodon aspiculus and S. persiensis are  characterized  by  broad
caudal alae and well-developed caudal papillae, whereas the females of
S. persiensis additionally exhibit a spinose tail filament[5,11,58], although
the  males  of S. papuensis similarly  possess  these  morphological  traits
but  lack  conspicuous  caudal  alae[59,60].  Readily  distinguishable  lateral
and caudal alae along with well-developed caudal papillae are charac-
teristic  features  used  to  identify  the  males  of Spauligodon auziensis,
S. hemidactylus,  and S. oxkutzcabiensis;  notably,  the  females  of
Spauligodon hemidactylus and S. oxkutzcabiensis have  both  lateral
alae  and a  tail  filament  bearing spines[61−65].  In  contrast,  the  males  of
Spauligodon tarentolae and S. timbavatiensis are  distinguished  solely
by the absence of conspicuous lateral alae, and the females of S. taren-
tolae are  characterized  by  an  aspinose  tail  filament[66,67].  Moreover,
species  including Spauligodon atlanticus[47,68], S. extenuatus[61,69], S.
lamothei[70,71], S. occidentalis[47,53], and the newly described S. turpano-
scincus from this study all parasitize omnivorous lizards, which exhibit
at least three or more of the distinctive morphological traits represen-
tative  of  those  observed  in  carnivorous  host  lineages.  In  comparison,
females of the newly described Spauligodon turpanoeremius lack lateral
alae,  whereas the males display reduced lateral  and caudal  alae,  along
with  underdeveloped  diminutive  caudal  papillae.  Furthermore,  both
females and males possess a tail filament without spines. These obser-
vations accordingly provide evidence to indicate that nematodes in the
genus Spauligodon that parasitize omnivorous lizards have two diver-
gent  morphotypes,  whereas  only  one  of  these  is  observed  in  carnivo-
rous  host  populations.  These  morphotypes  can  provisionally  be  cate-
gorized  as  'pronounced'  and  'general',  although  the  possibility  of
exceptions  to  this  generalized  dichotomy  should  not  be  excluded.
Consequently,  whereas multiple  ecological  factors—including geogra-
phical  distribution,  reproductive  isolation,  predatory  pressure,  and
population  density—may  collectively  contribute  to  shaping  the  host–
parasite  association,  the  phylogenetic  congruence  between  the  inter-
acting  taxa  may  merely  represent  apparent  concordance[72,73].  This  is
consistent with the general consensus that perfect congruence between
the two phylogenies is rare[74]. In conclusion, this emphasizes the need

for further research to determine whether shifts in the diets of lizards
influence  the  population  structure  and  potential  speciation  within
Spauligodon,  and  whether  co-evolutionary  relationships  have  deve-
loped between these parasites and their hosts.

 Conclusions
In  this  study,  we  adopted  an  integrative  taxonomic  approach,

combining comparative morphological observations and phylogenetic
analyses  based  on  the  mitochondrial COI gene  and  a  multi-gene
dataset,  to  identify  and  describe  two  new  species  of Spauligodon: S.
turpanoeremius sp.  nov.  and S. turpanoscincus sp.  nov.  These  species
were respectively identified as intestinal  parasites of the desert  lizards
Eremias  roborowskii and Teratoscincus  roborowskii,  representing  the
first  records  for  both  of  these  hosts.  In  addition,  by  developing  a
dichotomous identification key for the genus,  we have contributed to
reducing  the  confounding  influence  of  male  dimorphism  on  species
diagnosis,  thereby  substantially  enhancing  the  reliability  of  morpho-
logical  identification.  Our  phylogenetic  reconstructions  based  on  the
currently  available  molecular  data  enabled  us  to  further  clarify  the
taxonomic  positions  of  these  species  within  the  genus.  Notably,  our
findings  provide  empirical  support  for  a  host-driven  speciation
process in Spauligodon, indicating a potential co-evolutionary associa-
tion  shaped  by  host  feeding  habits  and  parasite  adaptation.  Collec-
tively, our findings not only refine the framework for species identifi-
cation  within  the  genus  but  also  provide  broader  insights  into  the
systematics  and  evolutionary  mechanisms  underpinning  parasite
diversification.
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