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Abstract

While DNA barcodes are increasingly provided in descriptions of new species, the whole mitochondrial
and nuclear genomes are still rarely included. This is unfortunate because whole genome sequencing of
holotypes allows perpetual genetic characterization of the most representative specimen for a given species.
Thus, de novo genomes are invaluable additional diagnostic characters in species descriptions, provided the
structural integrity of the holotype specimens remains intact. Here, we used a minimally invasive method
to extract DNA of the type specimen of the recently described caddisfly species Silvarares holzenthali
Rdzuri-Gonzales, Ngera & Pauls, 2022 (Trichoptera: Pisuliidae) from the Democratic Republic of the
Congo. A low-cost next generation sequencing strategy was used to generate the complete mitochondrial
and draft nuclear genome of the holotype. The data in its current form is an important extension to the

morphological species description and valuable for phylogenomic studies.
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Introduction

In zoology, especially when considering invertebrates, new species are often not recog-
nized as such in the field due to the minute size of the structures used to differentiate
them from already described species. Intensive treatment (e.g., preparation and preser-
vation) and careful examination of the collected specimens are required to determine if
they are indeed undescribed. In addition, many new species are discovered in regions
of the world where the scientific infrastructure is insufficient to guarantee high-quality,
unfragmented DNA in collected specimens. Such was also the case for the holotype of
Silvatares holzenthali Rézuri-Gonzales, Ngera & Pauls, 2022 (Trichoptera: Pisuliidae)
(Rézuri-Gonzales et al. 2022). This species belongs to the African endemic family Pisuli-
idae. Currently, there are 12 valid species in the genus. The taxonomic history and distri-
bution of Silvatares were described by Stoltze (1989), discussed in detail by Prather and
Holzenthal (2002), and most recently summarized by Rdzuri-Gonzales et al. (2022).

The holotype specimen (SMFTRI00018633) was collected by FNM in the eastern
D.R. Congo in 2017 and preserved in locally produced 80% ethanol. By the time the
specimen was identified as representing a new species, it had been transferred into
new ethanol, analyzed multiple times under the stereoscope, and shipped between
countries. Without the possibility of cooling the preservative or the specimen in the
D.R. Congo, it was clear that the DNA of this specimen would be substandard to
what might be extractable from a freshly caught caddisfly specimen preserved in high-
quality ethanol and with uninterrupted cooling. However, the described scenario for
the holotype of S. holzenthali is the norm rather than the exception. In this paper, we
want to showcase that it is possible and very valuable to generate a genomic resource
from holotypes, even if the quality of the starting DNA is far from ideal.

Many initiatives are currently trying to harness recent technological developments
to sequence and produce reference genomes for all species on Earth (Lewin et al. 2018;
Rhie et al. 2021; Blaxter et al. 2022; Formenti et al. 2022). A reference genome is
a highly contiguous, accurate, and annotated genome assembly, which represents the
structure and organization of the genome of a species at a particular point in time (For-
menti et al. 2022). These endeavors are crucial for documenting the Earth’s biodiversity
at its most fundamental organization level (i.e., genomic diversity). Understandably,
these initiatives focus first on those species that are relatively easy to sequence (i.e., often
larger species where tissue is available without destroying the entire specimen and where
targeted sampling of freshly collected tissues, cells, or specimens is possible). Attempts
to sequence the genome of even the tiniest individuals with minimal input DNA are
becoming possible (Schneider et al. 2021), but they still cannot reach the quality stand-
ards required for reference genome assemblies. The same is true for specimens and
holotypes collected in scenarios similar to the one described above for S. holzenthali.

Another limitation of many genome sequencing initiatives is that they generally
do not focus on the holotype of a species. However, in the currently accepted type-
based taxonomy, the holotype (o, if necessary, the designated lectotype and neotype)
serves as a species’ reference. For many species, sequencing a reference genome from
the holotype is not a viable option. Many type specimens are old, and naturally, all
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type specimens are rare and of singular value, requiring special care, and non-invasive
DNA extraction methods for genome sequencing. Thus, reference genome sequencing
initiatives that require ample amounts of high-qualitcy DNA for long-read sequencing
technologies are logically and correctly focused on less valuable specimens, at best,
from the locus typicus or from a paratype. Nevertheless, sequencing the holotype of a
species allows for the genetic characterization of the most representative specimen for
a given species as an eternal digital reference. Here we show that using a minimally
invasive method to extract DNA from poorly preserved specimens allows taxonomists
to capture and present the genetic characterization of the holotype while maintaining
most of its morphological and structural integrity.

Materials and methods

DNA extraction, library preparation,whole genome sequencing,and sequence
read processing

Genomic DNA was extracted from two legs as described in Rdzuri-Gonzales et al.
(2022). A total of 110 ng gDNA was sheared to a mean fragment size of about 420 bp
using a Bioruptor Pico (Diagenode, Seraing, Belgium). Genomic libraries were pre-
pared using the NEBNext Ultra II DNA Library Preparation Kit for Illumina (New
England Biolabs, Ipswich, MA, USA) according to the manufacturer’s manual. Adapt-
ers were diluted 1:10 as recommended for low input libraries, and size selection was
conducted based on the insert size using SPRIselect beads (Beckman, Indianapolis,
USA). A dual indexing PCR was run for eight cycles on a Mastercycler (Eppendorf,
Germany). After cleanup, the library was eluted in 0.1X TE and shipped for 150 bp
paired-end sequencing (ordering 20 Gb output) on a partial lane of an Illumina No-
vaSeq 6000 platform (San Diego, CA) at Novogene (Cambridge, UK). Raw reads
are deposited at the NCBI SRA archive under the accession number SRR22404850.
The quality of the raw reads was evaluated using FastQC v.0.11.9 (Andrews 2019).
FastQC reports were summarized with MultiQC v.0.10 (Ewels et al. 2016, Fig. 1).
Raw reads were trimmed for low-quality regions, adapter sequences, and over-rep-
resented k-mers using autotrim.pl v.0.6.1 (Waldvogel et al. 2018) and Trimmomatic
v.0.39 (Bolger et al. 2014) using the adapter_all.fa of Trimmomatic and the following
settings ILLUMINACLIP:2:30:10:8:true, SLIDINGWINDOW:4:20, MINLEN:50,
and TOPHRED33 (Fig. 1). Unpaired reads were discarded. Contaminated reads were
filtered using Kraken v.2.0.9 (Wood and Salzberg 2014). The quality of trimmed,
contamination-free reads was evaluated with FastQC as described above.

Genome size estimation and genomic characterization

We used two different approaches to estimate the genome size. First, we used a k-mer
distribution-based method. For this, £-mers were counted with JELLYFISH v.2.3.0
(Margais and Kingsford 2011) using jellyfish count -C -s 1000000000 -F 2 and a
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k-mer length of 21 based on the raw sequence reads. A histogram of k-mer frequen-
cies was created with jellyfish histo and used for analysis with the online web tool
GenomeScope v.2.0 (Ranallo-Benavidez et al. 2020) using the following parameters:
k-mer length = 21, ploidy = 2, max k-mer coverage = 10000. In addition, we estimated
genome size with a re-mapping-based approach using backmap.pl (Schell et al. 2017;
Pfenninger et al. 2022). This wrapper script uses the following dependencies samtools
(Lietal. 2009), bwa mem (Li 2013), qualimap (Okonechnikov et al. 2015), MultiQC
(Ewels et al. 2016), bedtools (Quinlan and Hall 2010), and RScript (R Core Team
2021) to automatically map the trimmed, contamination-free reads to the assembly
(see de novo nuclear genome assembly) with bwa mem. Then, it executes qualimap
bamgqc and finally estimates genome size by dividing the mapped nucleotides by the
mode of the coverage distribution (>0).

Mitogenome assembly

The mitochondrial genome was first assembled with the raw reads using NOVO-
plasty v.4.2 (Dierckxsens et al. 2016) using the following parameters: type = mito,
genome range = 12000-22000, 4-mer = 33, max memory = 100, read length = 150,
insert size = 300, platform = illumina, paired = PE, insert size auto = yes. The par-
tial sequence of the cyrochrome ¢ oxidase subunir I (COXI) gene of Silvatares ensifera
Barnard, 1934, KX291165, was used as seed input. All other parameters were kept
as default. The circularized mitogenome was aligned to the complete mitochondrial
sequence of Phryganea cinerea Walker, 1852, MG980616, with MAFFT in Geneious
Prime v.2022.1.1 with default settings to set the correct start position. Annotation
of tRNAs, rRNAs, and protein-coding genes was done with MitoZ v.2.3 (Meng et
al. 2019) using the module “annotate with genetic_code 5” and clade Arthropoda.
Positions of #rnL, trnT, and #rnS were manually curated based on the alignment to
P cinerea. The mitochondrial genome assembly was deposited in GenBank under the
accession OP921089.

De novo nuclear genome assembly

Nuclear genome assembly was conducted in Spades v.3.14.1 (Bankevich et al. 2012)
with the default settings. After scaffolds smaller than 500 bp and those matching the
mitochondrial genome assembly were filtered out, assembly statistics were calculated
with Quast v.5.0.2 (Gurevich etal. 2013), and quality was assessed in several ways. First,
completeness was accessed via screening for single-copy orthologs with BUSCO v.4.1.4
(Simio et al. 2015) using the endopterygota_odb10 dataset. Second, the backmapping
rate of the trimmed reads to the assembly was calculated with backmap.pl 0.3 as de-
scribed above (see “Genome size estimation and genomic characterization”). Third, the
final genome assemblies were screened for potential contaminations with taxon-anno-
tated GC-coverage (TAGC) plots using BlobTools v.1.1.1 (Laetsch and Blaxter 2017).
For this purpose, the bam file resulting from the backmapping analysis was converted
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to a blobtools readable cov file with blobtools map2cov. Taxonomic assignment for
BlobTools was done with blastn 2.10.0+ (Camacho et al. 2009) using -task megablast
and -e-value 1e-25. The blobDB was created and plotted from the cov file and blast
hits. The nuclear draft genome assembly was deposited in GenBank under the accession
JAPMAF000000000. All commands used in this study are given in Suppl. material 1.

Results

Whole genome sequencing and genome characterization

[llumina sequencing resulted in 160 534 832 raw short reads with a data amount of
24.1 Gb. 3.3% of reads were identified as contaminated (2.7% Homo sapiens, 0.6%
bacteria, 0.1% viruses, 0.03% other). Over-represented k-mers were successfully re-
moved using autotrim.pl v.0.6.1 (Fig. 1). After trimming and contamination filtering,
149 928 720 reads (-21.8 Gb) were kept.

K-mer analysis based on raw read data estimated the genome size to be 531.15 Mb,
with a heterozygosity of 37.7% (Fig. 2), while backmap.pl revealed a genome size of
643.02 Mb (Fig, 3).

Mitochondrial genome

The NOVOplasty assembly resulted in a 17 205 bp-long and circularized contig
(Fig. 4). Its annotation revealed all expected 13 protein-coding genes and both
rRNAs and 23 tRNAs. The d-loop was manually curated based on a compari-
son with the complete mitochondrial sequence of Limnephilus decipiens Kolenati,

1848, AB971912.

FastQC: Status Checks

aDC150301_EKDL220004707-1a_HJVYNDSX3_L3_1
aDC150301_EKDL220004707-1a_HJVYNDSX3_L3_1
autotrim.paired

aDC150301_EKDL220004707-1a_HJVYNDSX3_L3_1
autotrim.unpaired

aDC150301_EKDL220004707-1a_HJVYNDSX3_L3_2
aDC150301_EKDL220004707-1a_HJVYNDSX3_L3_2
autotrim.paired

aDC150301_EKDL220004707-1a_HJVYNDSX3_L3_2
autotrim.unpaired

Section Name

Figure 1. FastQC status checks of raw and trimmed reads (*autotrim), green: good, yellow: ok, red: failed.
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A GenomeScope Profile
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Figure 2. Genomescope2 profiles A linear plot B log plot; len: inferred total genome length, uniq: per-
cent of the genome that is unique (not repetitive), kcov: mean £-mer coverage for heterozygous bases, err:
error rate of the reads, dup: average rate of read duplications.
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Figure 3. Coverage distribution per position. The x-axis is given in log-scale. Mapped nucleotides: 21.22
Gb. The peak coverage is 33. This results in genome size estimation of 643.02 Mb.
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Figure 4. Circular mitochondrial genome of the holotype of Silvatares holzenthali.
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Figure 5. Taxon-annotated GC-coverage (TAGC) plots for the nuclear genome assembly. Scaffolds are rep-
resented with circles. Colors indicate the best match to the corresponding taxonomic annotation (grey= no
hits, blue= Arthropoda, for other colors see legend in the figure, upper right box). The distribution of the total
span (kb) of contigs for a given GC proportion or coverage is given in the upper- and right panels, respectively.

Standard abbreviations are given for protein-coding (yellow), transfer (pink), and
ribosomal RNA (red) genes. The control region is shown in gray. Orientation of genes
is indicated by direction of arrows.

Nuclear genome

The nuclear genome assembly contains 298 265 scaffolds with a total length of
534.50 Mb, an N50 of 2 549, and a GC of 35.27%. 99.07% of reads were mapped
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back to the assembly. The BUSCO search with 2 124 Endopterygota orthologs re-
sulted in 74.7% BUSCOs; of these, 44.7% were complete (44.3% single, 0.4% du-
plicated), and 31% were fragmented. Blobtools detected no contaminations based on
GC content and coverage distribution (Fig. 5). While uploading the genome to NCBI,
NCBI’s contamination screening detected and filtered a 29 bp-long contamination
(vector, etc.) at the beginning of one scaffold.

Discussion

While the morphology of the genus Silvatares has been described extensively, less
than a handful of partial genes have been published or uploaded to NCBI GenBank.
For example, cadherin, cytochrome oxidase subunit 1 (COXI), and the 285 large subu-
nit and /8S small subunit ribosomal RNA are available for S. ensifera (MN364796,
KX291165, KX106901, AF436522, AF436172, AF436293, MN296628,
AF436410); carbamoylphosphate synthase domain protein, isocitrate dehydrogenase,
RNA polymerase I1, and COX1I for Silvatares sp. (KC559510, KC559654, KC559734,
KC559575); COXI for S. collyrifer Barnard, 1934, (KX291056); and COXI for
S. thrymmifer Barnard, 1934 (MN344469; MN344493) (Malm et al. 2013; Zhou et
al. 2016; Thomas et al. 2020).

Here, we present the mitogenome and a draft nuclear genome assembly through
our ~45x sequencing coverage of short-read data. This genome assembly is admit-
tedly far away from the quality standards of a reference genome; however, we argue
that this genomic resource is still an invaluable addition to the characterization of the
holotype of Silvatares holzenthali. The genome assembly reported in this study includes
all the partial genes that had been hitherto sequenced for other Silvatares species, as
well as 74.7% of the 2 442 benchmarking universal single-copy orthologs in Endop-
terygota. Additionally, this assembly provides the complete mitogenome, including
the barcode markers. This highlights that for a few hundred dollars we can produce
much more genomic information on type specimens than the “DNA barcode,” which
has already become an important addition to many morphological species descriptions
(e.g., Hebert and Gregory 2005; Padial and De la Riva 2007; Pohl et al. 2012; Egan
et al. 2017). Sequencing the genome of the holotype permanently links the genetic
characterization to the name-bearing specimen of a given species. This information
is very valuable for studying the systematics and evolution of the species in question.
Especially in variable taxa or clades with high levels of cryptic diversity, anchoring
species delimitation analyses, taxonomic work or evolutionary studies on the genetic
make-up of the name-bearing specimens can be extremely helpful. Genome wide data
have been used to help delimit closely related species in Trichoptera (e.g., Deng et al.
2021); however, since the holotypes of the species in question were not among the
analyzed specimens, the nomenclature and taxonomy of each species could not be fully
resolved. This case highlights the value of sequencing the genome of the primary type.
Since the genome of S. holzenthali is the first holotype genome in caddisflies there are
no examples of species delimitation based on the name-bearing type specimen yet.
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In other taxa, holotype genomes have already been published. In a pioneering
study, Pohl et al. (2012) provided a complete short-read-based genome in the descrip-
tion of a new Strepsiptera species using specimens from the type series. Since then, de
novo genomes are increasingly included in new species descriptions across the animal
kingdom, such as in Caenorbabditis Osche, 1952 (Kanzaki et al. 2018), mud snakes
and frogs (Kohler et al. 2021a, b, c), gall wasps (Branddo-Dias et al. 2022), fungi
(Emanuel et al. 2022) and fishes (Sullivan et al. 2022).

The draft genome assembly generated in this study can be applied in population
genetic studies, for example, to assess the heterozygosity of the type specimen as a
proxy for population genetic variation at the time of sampling (Kohler et al. 2021a).
Furthermore, the data is valuable in a phylogenomic context (Brandio-Dias et al.
2022). For other downstream genomic analyses, the provided data from the holotype
can always be mapped to a higher-quality reference genome generated from speci-
mens of lesser value and better DNA quality. Notably, the approach we present here
also lends itself to museum specimens, which are usually of older age. Being able to
tap into these immense and often irreplaceable resources for genomic study opens a
wealth of scientific opportunity and has developed in the growing genomic field of
museomics (Raxworthy and Smith 2021) which propagates generating genomic data
from historical specimens using a variety of methods. This includes shotgun genome
sequencing as presented here, but also hybrid capture approaches for degraded DNA
once appropriate bait sets have been developed (Bi et al. 2013; Raxworthy and Smith
2021; Castaneda-Rico et al. 2022).

While we think a de novo genome or a genomic resource of any kind is an invalu-
able added resource and important additional diagnostic character in species descrip-
tions, priority should be given to preserving specimen integrity of the type specimens.
Most methods for extracting DNA ultimately cause at least minimal structural damage
to the holotype. In our case, this damage (removing and clearing the abdomen; DNA
extraction from two legs) was necessary to recognize and identify the holotype as a new
species. No additional damage was done to extract DNA for generating the genome.
However, in other situations, the methods used to preserve and store insects may not
always allow for generating a de novo genome from holotypes without causing signifi-
cant additional damage to the type. In this case we maintain that priority should be
given to safekeeping the structural integrity of the holotype specimen, and genomic in-
formation possibly obtained from a paratype or a duplicated structure on the holotype.
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Abstract

The diversity of grey flesh flies (Sarcophagidae: Sarcophaginae) from the Croatian part of Baranja was
studied during 2019 to 2021, resulting in 37 species, of which the following are new for the area: Ravinia
pernix (Harris, 1780); Sarcophaga (Het.) depressifrons Zetterstedt, 1845; S. (Het.) filia Rondani, 1860;
S. (Het.) haemorrhoides Bottcher, 1913; S. (Het.) pumila Meigen, 1826; S. (Het.) vagans Meigen, 1826;
S. (Lis.) dux Thomson, 1869; S. (Lis.) tuberosa Pandellé, 1896; S. (Meh.) sexpunctata (Fabricius, 1805);
S. (Pan.) protuberans Pandellé, 1896; S. (Sar) carnaria (Linnaeus, 1758); S. (Sar.) variegata (Scopoli,
1763), and S. (Pse.) spinosa Villeneuve, 1912. New locality records are provided for 25 species. Sarcophaga
(Sar.) croatica Baranov, 1941 was the most abundant with 37%, followed by S. (Sar.) lehmanni Miiller,
1922 (21%), and S. (Pas.) albiceps Meigen, 1826 (5%), making up 63% of all collected specimens. Most
species (35) were collected in locality of Zmajevac, while the fewest (3) were collected in Bilje locality.
During this study, S. (Pse.) spinosa was recorded in Croatia for the first time. Combined with previous
records, 42 species of flesh flies have been recorded from Croatian Baranja, which comprise 27% of the
flesh flies known to occur in Croatia. The total number of species of the family Sarcophagidae currently
known in Croatia has increased to 156.
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Introduction

The European fauna of flesh flies (Sarcophagidae) comprises 310 species (Pape et al.
2015; Whitmore et al. 2020), of which approximately 150 species occur in Central
Europe (Povolny and Verves 1997) and 155 species have been recorded from Croatia
(Kr¢mar et al. 2019; Verves and Bartdk 2021). Verves and Bartdk (2021) erroneously
listed Paragusia multipunctata (Rondani, 1859) as new for Croatia, but this species
was already listed by Kr¢mar et al. (2019) under the name Zaxigramma multipuncrata
(Rondani, 1859). Also, under a broad concept of Sarcophaga, the species name Hetero-
nychia (s.str.) robdendorfi (Povolny & Slameckova, 1959) represents a junior secondary
homonym of Sarcophaga rohdendorfi Salem, 1936, Parasarcophaga rohdendorfi Baranov,
1938, and Sarcophaga rohdendorfi Baranov, 1941 (Whitmore 2011), and the valid name
for this species is Sarcophaga (Heteronychia) lederbergi (Lehrer, 1995). Of the Croa-
tian Sarcophagidae, most species (108) belong to subfamily Sarcophaginae, followed
by Miltogramminae (38) and Paramacronychiinae (9) (Krémar et al. 2019; Verves
and Bartdk 2021). By reviewing the published data of Langhoffer (1920), Baranov
(1928, 1929, 1938, 1941, 1942, 1943), Strukan (1964, 1967, 1970), Sisojevi¢ et al.
(1989), Rucner (1994), as well as the recently published data of Whitmore (2010,
2011), Whitmore et al. (2013), and Kr¢mar et al. (2019), 90 species of flesh flies
have been recorded in the Pannonian—Peripannonian biogeographic region of Croatia
(Sarcophaginae: 68; Miltogramminae: 19; Paramacronychiinae: 3). Most of the studies
were done and most species were recorded in the northern part of this region. In the
recent study of Kr¢mar et al. (2019), 29 species of flesh flies were collected from only
two localities in the Croatian part of Baranja, which is far from the total number of
species considering the great landscape diversity of this area. The principal aims of this
study are to give the first overview of the flesh fly fauna from subfamily Sarcophaginae
in rural settlements in the Croatian part of Baranja and to emphasize the importance

of these habitats for flesh fly diversity.

Materials and methods

Study area

Baranja is a Pannonian Plain region of Hungary (its northern portion) and Croatia (its
southern portion). It is situated in the eastern part of Croatia and forms part of Osijek-
Baranja County. Triangular in shape, it covers an area of 1147 km? between the Drava,
the Danube, and the state border with Hungary (Bognar et al. 1975). The Croatian part
of Baranja is a predominantly lowland area (elevation < 259 m). Bansko brdo (Bansko
Hill) is the most prominent part of Baranja in terms of relief and extends NE-SW for 21
km, whereas its width is much smaller (Bognar et al. 1975). The steppe, the natural veg-
etation that covers Bansko Hill, has completely disappeared. The belt along the Danube
and Drava is a flooded area (- 63% of the territory) with many secondary tributaries
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and wetlands (Kopacki rit) (Bognar et al. 1975). The Kopacki rit Nature Park is one
of the largest fluvial-marshy plains in Europe (Schneider-Jacoby 1994), and the basic
ecological features relate to the river dynamics (Schneider-Jacoby 1994; Mihaljevi¢ et al.
1999). Forests cover ~ 20% of the Croatian part of Baranja. The climate is moderately
continental with significant temperature fluctuations. The average January temperature
is - -1.3 °C, and the July temperature is - 22 °C; the average annual rainfall is - 650
mm (Bognar et al. 1975). The Croatian part of Baranja contains 54 settlements, some of
which contain pond habitats, which increasingly serve as places for recreation of people
and their pets. All seven sampling sites are situated at the periphery of the settlements
(Fig. 1). Geographical coordinates of these seven sampling sites are given in Table 1.
Pond habitats in settlements of Kotlina, Suza, and Zmajevac are surrounded by species
of willow (Salix) and poplar (Populus). Sampling sites in the settlements of Petlovac and
Popovac are overgrown mainly with reeds (Phragmites australis), sedges (Carex ssp.), and
rush (Zypha ssp.) without forest vegetation at its edges. A similar type of vegetation is
present at the pond in Darda, with the addition of water lilies (Nymphaea alba) and
nenuphar (Nuphar luteum), while pond habitats in Bilje settlement are overgrown with
different species of low grasses exposed to the open sun throughout the day.

Serbia

=
"

Figure 1. Sampling sites for flesh flies (Sarcophagidae: Sarcophaginae) in the Croatian part of Baranja.

Legend: 1. Bilje; 2. Darda; 3. Kotlina; 4. Petlovac; 5. Popovac; 6. Suza; 7. Zmajevac.
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Table I. List of sampling sites around pond habitats in Croatian part of Baranja.

No. of locality Locality Geographical coordinates
1 Bilje 45°36'16"N, 18°44'39"E
2 Darda 45°37'30"N, 18°41'21"E
3 Kotlina 45°47'17"N, 18°44'16"E
4 Petlovac 45°45'31"N, 18°31'41"E
5 Popovac 45°48'22"N, 18°39'34"E
6 Suza 45°46'55"N, 18°46'32"E
7 Zmajevac 45°48'03"N, 18°48'29"E

Sampling and identification

Collections of sarcophagids from pond habitats were made frequently over a period of
seven months (April-October) from 2019 to 2021. During 2019 and 2020, from April
to October, sampling at the pond habitat in Zmajevac was done 1-5 times a month.
Samplings in 2021 were carried out once per month from May to August. Flesh flies were
sampled from 1 pm to 5 pm using a standard insect sweep net to selectively collect flies
resting on soil and vegetation, or attracted to animal faeces and the remains of discarded
food. The collected specimens were preserved in 96% ethanol. Male terminalia were pre-
pared for species identification following the method of Richet et. al (2011). After two
days in ethanol, male abdomens were dissected and soaked in a 10% KOH solution for
72 h. They were then immersed in 10% acetic acid for 1 min and rinsed with water for 1
min. They were then dehydrated in beech-wood creosote for 4 h. The phallus, pregonites
and postgonites, sternite 5, cerci, and surstyli were separated from the rest of abdomen
and placed into a plastic vial (volume of 2 ml) with 96% of ethanol solution. Identifica-
tions were carried out using keys for Sarcophagidae (Pape 1987; Povolny and Verves 1997;
Richet et al. 2011) and descriptions and illustrations in Whitmore (2009, 2010, 2011)
and Whitmore et al. (2013). Nomenclature and classification follow the Fauna Europaea
database (Pape 2004). For all samples, the following information is provided: locality
and date of collection, collector(s), number and sex of specimens, and depository. Also,
33 unidentified specimens from May 2018 are now identified and their data have been
included in this study. One species newly recorded for the Croatian fauna is marked with
a black triangle (A ). Specimens examined for this study are deposited in the collections of
the Department of Biology, Josip Juraj Strossmayer University of Osijek, Osijek, Croatia
(DBUO) and the Staatliches Museum fiir Naturkunde, Stuttgart, Germany (SMNS).

Terminology

Subgeneric names are abbreviated as follows:

Bel.  Bellieriomima Kra.  Krameromyia
Ber.  Bercaea Lip.  Liopygia
Hel.  Helicophagella Lis.  Liosarcophaga

Het.  Heteronychia Meh. Mehria
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Myo. Myorhina Ros.  Rosellea

Pan.  Pandelleana Sar.  Sarcophaga
Pas.  Parasarcophaga Sac.  Sarcotachinella
Pad.  Pandelleisca Ser.  Servaisia

Pse.  Pseudothyrsocnema Thy.  Thyrsocnema

Rob. Robineauella

Results

A total of 1293 flesh flies belonging to 37 species was collected (Table 2). Sarcophaga
(Sar.) croatica Baranov, 1941 was the most abundant with 37%, followed by S. (Sar.)
lehmanni Miiller, 1922 (21%), S. (Pas.) albiceps Meigen, 1826 (5%), S. (Sar.) baranoffi
Rohdendorf, 1937 (5%), S. (7hy.) incisilobata Pandellé, 1896 (5%), S. (Lis.) emdeni
(Rohdendorf, 1969) (3%), S. (Lis.) aegyptica Salem, 1935 (3%), S. (Hel.) melanura
Meigen, 1826 (3%), S. (Het.) filia Rondani, 1860 (3%), S. (Ros.) aratrix Pandellé, 1896
(2%), S. (Hel.) noverca Rondani, 1860 (2%), S. (Bel.) subulata Pandellé, 1896 (1%), S.
(Pad.) similis Meade, 1876 (1%), and Ravinia pernix (Harris, 1780) (1%). These four-
teen species comprised 92% of the samples; the remaining 23 species represented 8%
(Table 2). Most species (35) and specimens (75%) were collected in Zmajevac (Table 2).
The lowest number of species was collected in Bilje (3), whereas in other localities the
number of collected species was between 8 and 11. The largest number of specimens
and species was collected during 2019 (Table 3). New records for Baranja are provided
for 25 species, with the record of S. (Pse.) spinosa representing a first record for Croatia.

List of recorded species

Subfamily Sarcophaginae Macquart, 1834
1. Ravinia pernix (Harris, 1780)

New records for Croatian Baranja. Zmajevac, 5.IX.2019, S. Krémar leg. (1)
(SMNS); same locality, 28.V1.2020, S. Kr¢mar leg. (23) (DBUO); same locality,
13.IX.2020, S. Kr¢mar leg. 2d) (DBUO); same locality, 20.V1.2021, S. Krémar
leg. (13) (DBUO); Kotlina, 18.V.2021, S. Kré¢mar leg. (14) (DBUO); same local-
ity, 18.V1.2021, S. Kr¢mar leg. (1) (DBUO); Popovac, 11.V1.2021, S. Krémar leg.
(13) (DBUO); same locality, 10.VIL.2021, S. Krémar leg. (53) (DBUQ); Darda,
17.V1.2021, S. Krémar leg. (13) (DBUO).

2. Sarcophaga (Bellieriomima) subulata Pandellé, 1896
Records. Zmajevac, 9.V.2018, S. Kr¢mar leg. (43) (DBUOQ); same locality,

22.IV.2019, S. Kr¢mar leg. (13) (DBUO); same locality, 29.VIL.2019, S. Kr¢mar leg.
(84) (DBUO); same locality, 8.V.2020, S. Krémar leg. (1) (DBUO); same locality,
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12.V1.2020, S. Krémar leg. (13) (DBUO); same locality, 12.VII1.2020, S. Krémar leg.
(23) (DBUO); same locality, 11.V.2021, S. Kr¢mar leg. (18) (DBUO).

3. Sarcophaga (Bercaea) africa (Wiedemann, 1824)

Records. Zmajevac, 16.V.2019, S. Kr¢mar leg. (14) (DBUO); same locality,
24.VIIL.2019, S. Krémar leg. (13) (DBUO).

4. Sarcophaga (Helicophagella) crassimargo Pandellé, 1896

Records. Zmajevac, 17.V1.2019, S. Krémar leg. (13) (SMNS); same locality,
24.VIIL.2019, S. Kr¢mar leg. (1) (SMNS); same locality, 28.V1.2020, S. Krémar leg.
(3d) (DBUO); same locality, 28.VI1.2020, S. Krémar leg. (14) (DBUO).

5. Sarcophaga (Helicophagella) hirticrus Pandellé, 1896

Records. Zmajevac, 5.1X.2019, S. Krémar leg. (13) (SMNS); same locality, 8.V.2020,
S. Kr¢mar leg. (13) (DBUO).

6. Sarcophaga (Helicophagella) melanura Meigen, 1826

Records. Zmajevac, 9.V.2018, S. Kr¢mar leg. (2d) (DBUO); same locality,
19.VIIL.2019, S. Krémar leg. (13) (DBUO); same locality, 22.VIIL.2019, S. Kré¢mar
leg. (33) (DBUQ); same locality, 24.VII1.2019, S. Krémar leg. (13) (DBUO); same
locality, 5.IX.2019, S. Krémar leg. (3d) (DBUO); same locality, 6.IX.2019, S. Krémar
leg. (93) (DBUO, SMNS); same locality, 17.IX.2019, S. Krémar leg. (1) (DBUO);
same locality, 30.1X.2019, S. Kr¢mar leg. (2d) (DBUO); same locality, 28.V1.2020, S.
Krémar leg. (13) (DBUO); same locality, 28.VIL.2020, S. Krémar leg. (1) (DBUO);
same locality, 20.V1.2021, S. Krémar leg. (93) (DBUO).

New records for Croatian Baranja. Popovac, 11.V1.2021, S. Krémar leg. (153)
(DBUO); same locality, 10.VI1.2021, S. Krémar leg. (23) (DBUO); Petlovac, 18.V1.2021,
S. Krémar leg. (13) (DBUO); Darda, 19.VII1.2021, S. Krémar leg. (13) (DBUO).

7. Sarcophaga (Helicophagella) noverca Rondani, 1860

Records. Zmajevac, 9.V.2018, S. Kré¢mar leg. (63) (DBUO); same locality, 16.V.2019,
S. Kr¢mar leg. (24) (DBUO); same locality, 22.V.2019, S. Krémar leg. (127)
(DBUO); same locality, 22.VIIL.2019, S. Kr¢mar leg. 23) (DBUO); same locality,
5.IX.2019, S. Kr¢mar leg. (18) (DBUQO); same locality, 6.IX.2019, S. Krémar leg.
(1) (DBUO); same locality, 13.1X.2019, S. Krémar leg. (13) (SMNS); same locality,
8.V.2020, S. Kr¢mar leg. (13) (DBUQ); same locality, 12.VII1.2020, S. Kr¢mar leg.
(2d) (DBUO); same locality, 13.1X.2020, S. Krémar leg. (1J) (DBUO).
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8. Sarcophaga (Heteronychia) depressifrons Zetterstedt, 1845

New records for Croatian Baranja. Zmajevac, 12.VII1.2020, S. Kré¢mar leg. (1)
(DBUO).

9. Sarcophaga (Heteronychia) filia Rondani, 1860

New records for Croatian Baranja. Zmajevac, 6.1X.2019, S. Krémar leg. (1)
(SMNS); same locality, 12.V1.2020, S. Kr¢mar leg. (63) (DBUO); same locality,
19.V1.2020, S. Kr¢mar leg. (1) (DBUO); same locality, 28.V1.2020, S. Krémar leg.
(173) (DBUO); same locality, 28.VI1.2020, S. Krémar leg. (6) (DBUO); same lo-
cality, 12.VII1.2020, S. Krémar leg. (13) (DBUO); Petlovac, 18.V.2021, S. Krémar
leg. (13) (DBUO); same locality, 18.V1.2021, S. Kr¢mar leg. (23) (DBUO); Suza,
18.V.2021, S. Krémar leg. 23) (DBUO).

10. Sarcophaga (Heteronychia) haemorrhoa Meigen, 1826

Records. Zmajevac, 9.V.2018, S. Krémar leg. (13) (SMNS); same locality, 16.V.2019,
S. Krémar leg. (13) (SMNS); same locality, 29.V1.2019, S. Krémar leg. (13) (DBUO),
same locality, 5.IX.2019, S. Krémar leg. (13) (SMNS); same locality, 12.V1.2020, S.
Kr¢mar leg. (1) (DBUO); same locality, 28.V1.2020, S. Krémar leg. (33) (DBUO);
same locality, 28.VI1.2020, S. Krémar leg. (13) (DBUO); same locality, 12.VII1.2020,
S. Kr¢mar leg. (13) (DBUO).

11. Sarcophaga (Heteronychia) haemorrhoides Bottcher, 1913

New records for Croatian Baranja. Zmajevac, 28.V1.2020, S. Krémar leg. (1)
(DBUO); same locality, 12.VII1.2020, S. Krémar leg. (1) (DBUO).

12. Sarcophaga (Heteronychia) proxima Rondani, 1860

Records. Zmajevac, 22.V.2019, S. Kr¢mar leg. (13) (SMNS); same locality,
24.VIIL.2019, S. Kr¢mar leg. (13) (SMNS); same locality, 30.VIIL.2019, S. Kr¢mar
leg. (13) (SMNS).

13. Sarcophaga (Heteronychia) pseudobenaci (Baranov, 1942)

Records. Zmajevac, 29.V1.2019, S. Krémar leg. (1d) (DBUO); same locality,
8.V.2020, S. Krémar leg. (14) (DBUO); same locality, 13.1X.2020, S. Kr¢mar leg.
(28) (DBUO).

New records for Croatian Baranja. Petlovac, 29.VII1.2021, S. Krémar leg. (28)
(DBUO).
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14. Sarcophaga (Heteronychia) pumila Meigen, 1826

New records for Croatian Baranja. Popovac, 11.V1.2021, S. Krémar leg. (1)
(DBUO); Zmajevac, 30.VIL.2021, S. Krémar leg. (13) (DBUO).

15. Sarcophaga (Heteronychia) schineri Bezzi, 1891

Records. Zmajevac, 9.V. 2018, S. Kr¢mar leg. (13) (SMNS); same locality, 22.V.2019,
S. Krémar leg. (1) (SMNS); same locality, 12.V1.2020, S. Krémar leg. (13) (DBUO);
same locality, 28.V1.2020, S. Krémar leg. (1) (DBUQO); same locality, 12.VII1.2020,
S. Kr¢mar leg. (13) (DBUO).

16. Sarcophaga (Heteronychia) vagans Meigen, 1826

New records for Croatian Baranja. Zmajevac, 19.VIIL.2019, S. Kré¢mar leg. (1)
(SMNS); same locality, 19.V1.2020, S. Kr¢mar leg. (14) (DBUO); same locality,
28.V1.2020, S. Krémar leg. (13) (DBUO).

17. Sarcophaga (Liopygia) argyrostoma (Robineau-Desvoidy, 1830)

Records. Zmajevac, 29.VIL.2019, S. Krémar leg. (1d) (DBUO); same locality,
22.VIIL.2019, S. Kr¢mar leg. (13) (SMNS); same locality, 6.IX.2019, S. Kr¢mar leg.
(13) (SMNS).

New records for Croatian Baranja. Popovac, 13.VII1.2021, S. Krémar leg. (13)
(DBUO).

18. Sarcophaga (Liopygia) crassipalpis Macquart, 1839

New records for Croatian Baranja. Popovac, 10.VI1.2021, S. Krémar leg. (1)
(DBUO).

19. Sarcophaga (Liosarcophaga) aegyptica Salem, 1935

Records. Zmajevac, 22.VII1.2019, S. Krémar leg. (14) (DBUO); same locality,
24.VIIL.2019, S. Krémar leg. (2d) (DBUO); same locality, 30.VIIL.2019, S. Krémar
leg. (23) (SMNS); same locality, 5.1X.2019, S. Krémar leg. (54) (DBUQ); same lo-
cality, 6.IX.2019, S. Kré¢mar leg. (2d) (SMNS); same locality, 13.1X.2019, S. Krémar
leg. (14) (DBUO); same locality, 17.IX.2019, S. Kr¢mar leg. (14) (DBUO); same
locality, 30.IX.2019, S. Krémar leg. (93) (DBUO); same locality, 12.V1.2020, S.
Krémar leg. (13) (DBUO); same locality, 28.V1.2020, S. Krémar leg. (13) (DBUO);
same locality, 13.1X.2020, S. Kr¢mar leg. 23) (DBUO); same locality, 20.V1.2021,
S. Kr¢mar leg. (28) (DBUO).

New records for Croatian Baranja. Kotlina, 18.V.2021, S. Krémar leg. (13)
(DBUO); Darda, 17.V1.2021, S. Kr¢mar leg. (13) (DBUO); Petlovac, 18.V1.2021, S.



Diversity of species from subfamily Sarcophaginae in Croatian part of Baranja 25

Krémar leg. (53) (DBUO); same locality, 20.VIL.2021, S. Krémar leg. (1) (DBUO);
Suza, 25.V1.2021, S. Krémar leg. (1) (DBUO); Popovac, 10.VIL.2021, S. Kr¢mar
leg. (28) (DBUO); same locality, 13.VII1.2021, S. Krémar leg. (13) (DBUO).

20. Sarcophaga (Liosarcophaga) dux Thomson, 1869
New records for Croatian Baranja. Darda, 17.V1. 2021, S. Kr¢mar leg. (1 3) (DBUO).
21. Sarcophaga (Liosarcophaga) emdeni (Rohdendorf, 1969)

Records. Zmajevac, 9.V.2018, S. Krémar leg. (14) (DBUO); same locality,
16.V.2019, S. Kr¢mar leg. (43) (DBUQO); same locality, 22.V.2019, S. Krémar leg.
(33) (DBUO); same locality, 17.V1.2019, S. Krémar leg. (23) (DBUO); same
locality, 6.VIL.2019, S. Kr¢mar leg. (43) (DBUO); same locality, 29.VI1.2019,
S. Krémar leg. (24) (DBUO); same locality, 22.VII1.2019, S. Krémar leg. (1)
(DBUO); same locality, 24.VII1.2019, S. Krémar leg. (283) (DBUO); same locality,
30.VIIL.2019, S. Kr¢mar leg. (2d) (DBUO); same locality, 5.1X.2019, S. Krémar
leg. (14) (DBUO); same locality, 13.1X.2019, S. Krémar leg. (18) (DBUO);
same locality, 8.V.2020, S. Kr¢mar leg. (13) (DBUO); same locality, 12.V1.2020,
S. Kr¢mar leg. (13) (DBUO); same locality, 19.V1.2020, S. Kr¢mar leg. (13)
(DBUO); same locality, 28.V1.2020, S. Kré¢mar leg. (43) (DBUO); same locality,
13.1X.2020, S. Kré¢mar leg. (13) (DBUO); same locality, 11.V.2021, S. Krémar leg.
(28) (DBUO).

New records for Croatian Baranja. Suza, 18.V.2021, S. Krémar leg. (13)
(DBUO); same locality, 11.VI1.2021, S. Krémar leg. (73) (DBUO); same locality,
12.VIIL1.2021, S. Krémar leg. (2d) (DBUO).

22. Sarcophaga (Liosarcophaga) tuberosa Pandellé, 1896

New records for Croatian Baranja. Zmajevac, 17.V1.2019, S. Krémar leg. (1)
(DBUO); Suza, 18.V.2021, S. Krémar leg. (14) (DBUO).

23. Sarcophaga (Mehria) sexpunctata (Fabricius, 1805)

New records for Croatian Baranja. Zmajevac, 12.V1.2020, S. Krémar leg. (1)
(DBUO).

24. Sarcophaga (Myorhina) nigriventris Meigen, 1826

Records. Zmajevac, 16.V.2019, S. Kr¢mar leg. (1d) (SMNS); same locality,
22.V.2019, S. Kr¢mar leg. (13) (DBUO); same locality, 30.1X.2019, S. Krémar leg.
(18) (SMNS); same locality, 28.V1.2020, S. Krémar leg. (23) (DBUO); same locality,
28.VII1.2020, S. Krémar leg. (13) (DBUO); same locality, 20.X.2020, S. Krémar leg.
(18) (DBUO).
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25. Sarcophaga (Myorhina) soror Rondani, 1860

Records. Zmajevac, 9.V.2018, S. Kré¢mar leg. (1d) (DBUO); same locality, 16.V.2019,
S. Kré¢mar leg. (3d) (SMNS); same locality, 22.V.2019, S. Krémar leg. (3d) (DBUO);
same locality, 29.VI1.2019, S. Krémar leg. (2d) (DBUO); same locality, 19.V1.2020,
S. Kr¢mar leg. (38) (DBUO).

26. Sarcophaga (Pandelleana) protuberans Pandellé, 1896

New records for Croatian Baranja. Zmajevac, 28.V1.2020, S. Krémar leg. (1)
(DBUO).

27. Sarcophaga (Pandelleisca) similis Meade, 1876

Records. Zmajevac, 16.V.2019, S. Krémar leg. ( 14) (DBUO); same locality, 22.V.2019,
S. Krémarleg. (3¢) (DBUO); same locality, 24.VIIL.2019, S. Krémar leg. (13) (DBUO);
same locality, 30.VII1.2019, S. Krémar leg. (23) (SMNS); same locality, 5.1X.2019, S.
Kr¢mar leg. (1) (DBUO); same locality, 6.IX.2019, S. Kr¢mar leg. 23) (DBUO);
same locality, 13.1X.2019, S. Kr¢mar leg. (13) (DBUO); same locality, 30.IX.2019, S.
Krémar leg. (1d) (DBUO); same locality, 28.V1.2020, S. Krémar leg. (1) (DBUO).

New records for Croatian Baranja. Popovac, 11.V1.2021, S. Kr¢mar leg. (13)
(DBUO); Petlovac, 18.V1.2021, S. Kr¢marleg. (1 ) (DBUO); same locality, 20.VIL.2021,
S. Krémar leg. (13) (DBUO); Darda, 19.VII1.2021, S. Krémar leg. (13) (DBUO).

28. Sarcophaga (Parasarcophaga) albiceps Meigen, 1826

Records. Zmajevac, 16.V.2019, S. Krémar leg. (14) (DBUO); same locality,
22.V.2019, S. Krémar leg. (33) (DBUO); same locality, 29.VI1.2019, S. Krémar leg.
(58) (DBUO); same locality, 19.VII1.2019, S. Krémar leg. (13) (DBUO); same locali-
ty, 22.VII1.2019, S. Krémar leg. (5) (DBUO); same locality, 24.VI11.2019, S. Krémar
leg. (43) (DBUO); same locality, 5.1X.2019, S. Krémar leg. (57) (DBUO); same lo-
cality, 6.IX.2019, S. Kr¢mar leg. (168) (DBUQ, SMNS); same locality, 8.V.2020, S.
Krémar leg. (13) (DBUO); same locality, 19.V1.2020, S. Krémar leg. (2d) (DBUO);
same locality, 28.V1.2020, S. Krémar leg. (73) (DBUO); same locality, 28.VI1.2020, S.
Krémar leg. (2d) (DBUO); same locality, 20.V1.2021, S. Krémar leg. (73) (DBUO).

New records for Croatian Baranja. Bilje, 24.VI.2021, S. Kr¢mar leg. (68)
(DBUO); Kotlina, 12.VIIL.2021, S. Kr¢mar leg. (18) (DBUO).

29. Sarcophaga (Robineauella) caerulescens Zetterstedt, 1838
Records. Zmajevac, 22.V.2019, S. Kr¢mar leg. (13) (SMNS); same locality,

17.V1.2019, S. Krémar leg. (13) (DBUO); same locality, 8.V.2020, S. Kr¢mar leg.
(18) (DBUO); same locality, 28.VI1.2020, S. Kr¢mar leg. (13) (DBUO).
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30. Sarcophaga (Rosellea) aratrix Pandellé, 1896

Records. Zmajevac, 9.V.2018, S. Kr¢mar leg. (1 d) (DBUO); same locality, 22.1V.2019,
S. Kr¢mar leg. (13) (SMNS); same locality, 16.V.2019, S. Kr¢mar leg. 23) (DBUO);
same locality, 22.V.2019, S. Krémar leg. (23) (SMNS); same locality, 17.V1.2019, S.
Kr¢mar leg. (13) (DBUO); same locality, 24.VII1.2019, S. Krémar leg. (13) (DBUO);
same locality, 30.VII1.2019, S. Krémar leg. (53) (DBUO); same locality, 5.1X.2019,
S. Kr¢mar leg. (2d) (DBUO); same locality, 8.V.2020, S. Krémar leg. (33) (DBUO);
same locality, 12.V1.2020, S. Krémar leg. (13) (DBUO); same locality, 13.1X.2020, S.
Krémar leg. (2d) (DBUO); same locality, 20.V1.2021, S. Krémar leg. (2d) (DBUO);
same locality, 30.VIL.2021, S. Krémar leg. (13) (DBUO); same locality, 12.VII1.2021,
S. Krémar leg. (13) (DBUO).

New records for Croatian Baranja. Suza, 18.V.2021, S. Krémar leg. 3N
(DBUO); same locality, 11.VIL.2021, S. Krémar leg. (18) (DBUQ); Petlovac,
20.VI1.2021, S. Krémar leg. (13) (DBUO); Darda, 24.VI1.2021, S. Krémar leg. 1d
(DBUO); Popovac, 13.VIIL.2021, S. Kré¢mar leg. (18) (DBUO).

31. Sarcophaga (Sarcophaga) baranoffi Rohdendorf, 1937

Records. Zmajevac, 9.V.2018, S. Kré¢mar leg. (24) (DBUO); same locality,
16.V.2019, S. Krémar leg. (84) (DBUO, SMNS); same locality, 22.V.2019, S.
Krémar leg. (49) (DBUOQ); same locality, 29.VIL.2019, S. Krémar leg. (7d)
(DBUO); same locality, 22.VII1.2019, S. Kr¢mar leg. (13) (DBUO); same lo-
cality, 24.VII1.2019, S. Krémar leg. (23) (DBUO); same locality, 30.VII1.2019,
S. Krémar leg. (48) (DBUO); same locality, 5.1X.2019, S. Krémar leg. (1J)
(DBUO); same locality, 6.IX.2019, S. Kr¢mar leg. (63) (DBUQ); same locality,
30.IX.2019, S. Krémar leg. (13) (DBUO); same locality, 19.V1.2020, S. Krémar
leg. (13) (DBUO); same locality, 28.V1.2020, S. Kr¢mar leg. (23) (DBUQ); same
locality, 12.VII1.2020, S. Krémar leg. (13) (DBUQ); same locality, 13.1X.2020,
S. Krémar leg. (14) (DBUO); same locality, 11.V.2021, S. Krémar leg. (1J)
(DBUO); same locality, 20.VI1.2021, S. Krémar leg. (13) (DBUO); same local-
ity, 30.VIL.2021, S. Krémar leg. (63) (DBUO); same locality, 12.VIII.2021, S.
Krémar leg. (3d) (DBUO).

New records for Croatian Baranja. Kotlina, 18.V.2021, S. Krémar leg. (28)
(DBUO); Suza, 25.V1.2021, S. Krémar leg. (27) (DBUO); same locality, 12.VII1.2021,
S. Krémar leg. (23) (DBUO); Darda, 24.VII.2021, S. Krémar leg. (23) (DBUO);
Petlovac, 29.VIIL.2021, S. Kr¢mar leg. 23) (DBUO).

32. Sarcophaga (Sarcophaga) carnaria (Linnaeus, 1758)
New records for Croatian Baranja. Zmajevac, 13.1X.2019, S. Krémar leg. (1)

(DBUO); same locality, 20.V1.2021, S. Kré¢mar leg. (14) (DBUO); Kotlina,
18.V.2021, S. Krémar leg. (3&) (DBUO).
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33. Sarcophaga (Sarcophaga) croatica Baranov, 1941

Records. Zmajevac, 9.V.2018, S. Kr¢mar leg. (143) (DBUO); same locality, 22.1V.2019,
S. Kré¢mar leg. (173) (DBUO, SMNS); same locality, 16.V.2019, S. Krémar leg. (20)
(DBUO); same locality, 22.V.2019, S. Krémar leg. (153) (DBUOQ); same locality,
17.V1.2019, S. Kr¢mar leg. (103) (DBUO); same locality, 6.VIL.2019, S. Kr¢mar leg.
(18) (DBUO); same locality, 29.VIL.2019, S. Krémar leg. (53) (DBUO); same locality,
19.VII1.2019, S. Kré¢mar leg. (193) (DBUO); same locality, 22.VII1.2019, S. Krémar
leg. (193) (DBUO); same locality, 24.VIIL.2019, S. Krémar leg. (2953) (DBUO); same
locality, 30.VIIL.2019, S. Krémar leg. (343) (DBUO); same locality, 5.1X.2019, S.
Krémar leg. (99) (DBUO); same locality, 13.IX.2019, S. Krémar leg. (8) (DBUO);
same locality, 17.1X.2019, S. Kr¢mar leg. (13) (DBUQ); same locality, 30.IX.2019, S.
Kr¢mar leg. (33) (DBUQO); same locality, 8.V.2020, S. Krémar leg. (123) (DBUO);
same locality, 12.V1.2020, S. Kr¢mar leg. (83) (DBUO); same locality, 19.V1.2020, S.
Krémar leg. (293) (DBUO); same locality, 28.V1.2020, S. Krémar leg. (83) (DBUO);
same locality, 28.VI1.2020, S. Krémar leg. (23) (DBUO); same locality, 12.VIIL.2020,
S. Krémar leg. (34) (DBUO); same locality, 13.1X.2020, S. Krémar leg. (227) (DBUO);
same locality, 11.X.2020, S. Krémar leg. (1) (DBUO); same locality, 20.X.2020, S.
Krémar leg. (54) (DBUQO); same locality, 11.V.2021, S. Krémar leg. (83) (DBUO);
same locality, 20.V1.2021, S. Kr¢mar leg. (173) (DBUO); same locality, 30.VIL.2021, S.
Krémar leg. (43) (DBUO); same locality, 12.VII1.2021, S. Krémar leg. (5J) (DBUO).

New records for Croatian Baranja. Kotlina, 18.V.2021, S. Kré¢mar leg. (8%
(DBUO); same locality, 18.V1.2021, S. Krémar leg. (99) (DBUO); Petlovac,
18.V.2021, S. Krémar leg. (93) (DBUO); same locality, 18.V1.2021, S. Krémar leg.
(2283) (DBUO); same locality, 20.VIL.2021, S. Krémar leg. (103) (DBUO); Suza,
18.V.2021, S. Kr¢mar leg. (63) (DBUQ); same locality, 25.V1.2021, S. Krémar leg.
(173) (DBUO); same locality, 11.VIL.2021, S. Krémar leg. (54) (DBUO); same lo-
cality, 12.VIIL.2021, S. Krémar leg. (53) (DBUO); Popovac, 11.V1.2021, S. Krémar
leg. (13) (DBUO); Bilje, 17.V1.2021, S. Krémar leg. (173) (DBUO); same locality,
19.VIIL.2021, S. Krémar leg. (3d) (DBUO); Darda, 17.V1.2021, S. Krémar leg. (2d)
(DBUO); same locality, 24.VIL.2021, S. Krémar leg. (168) (DBUO); same locality,
19.VIIL.2021, S. Krémar leg. (1483) (DBUO).

34. Sarcophaga (Sarcophaga) lebmanni Miiller, 1922

Records. Zmajevac, 22.1V.2019, S. Krémar leg. (43) (DBUO, SMNS); same locality,
16.V.2019, S. Krémar leg. (103) (DBUO); same locality, 22.V.2019, S. Krémar leg.
(198) (DBUO); same locality, 17.V1.2019, S. Kr¢mar leg. (63) (DBUO); same local-
ity, 6.VIL.2019, S. Krémar leg. (5&) (DBUO); same locality, 29.VI1.2019, S. Krémar
leg. (33) (DBUQ); same locality, 22.VII1.2019, S. Krémar leg. (14) (DBUQ); same
locality, 24.VII1.2019, S. Kr¢mar leg. (33) (DBUQ); same locality, 30.VIIL.2019, S.
Kr¢mar leg. (43) (DBUO); same locality, 5.IX.2019, S. Krémar leg. (33) (DBUO);
same locality, 6.1X.2019, S. Kr¢mar leg. (103) (DBUO); same locality, 13.1X.2019, S.
Krémar leg. (7d) (DBUO); same locality, 17.1X.2019, S. Krémar leg. (2d) (DBUO);
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same locality, 30.1X.2019, S. Kr¢mar leg. (133) (DBUO); same locality, 29.V1.2019,
S. Krémar leg. (13) (DBUO); same locality, 8.V.2020, S. Krémar leg. (173) (DBUO);
same locality, 12.V1.2020, S. Kr¢mar leg. (183) (DBUO); same locality, 19.VI1.2020,
S. Kré¢mar leg. (12d) (DBUO); same locality, 28.V1.2020, S. Krémar leg. (167)
(DBUO); same locality, 28.VI1.2020, S. Krémar leg. (63) (DBUO); same locality,
13.IX.2020, S. Kr¢mar leg. (63) (DBUO); same locality, 11.X.2020, S. Krémar leg.
(2d) (DBUO); same locality, 20.X.2020, S. Krémar leg. (43) (DBUO); same locality,
11.V.2021, S. Krémar leg. (133) (DBUO); same locality, 20.V1.2021, S. Krémar leg.
(43) (DBUO); same locality, 12.VII1.2021, S. Krémar leg. (28) (DBUO).

New records for Croatian Baranja. Kotlina, 18.V.2021, S. Kré¢mar leg. 9
(DBUO); same locality, 18.V1.2021, S. Kr¢mar leg. (103) (DBUO); same locality,
12.VIIL.2021, S. Krémar leg. (1) (DBUO); Petlovac, 18.V.2021, S. Krémar leg. (37)
(DBUQO); same locality, 18.V1.2021, S. Kr¢mar leg. (3d) (DBUO); same locality,
20.VI1.2021, S. Kr¢mar leg. (23) (DBUO); Suza, 18.V.2021, S. Krémar leg. 43
(DBUO); same locality, 25.V1.2021, S. Krémar leg. 23) (DBUO); same locality,
11.VIL.2021, S. Krémar leg. (29d) (DBUO); same locality, 12.VIIL.2021, S. Krémar
leg. (7&) (DBUO); Popovac, 11.V1.2021, S. Krémar leg. (93) (DBUO); same local-
ity, 13.VIIL.2021, S. Krémar leg. (23) (DBUO); Bilje, 17.V1.2021, S. Kr¢mar leg.
(43) (DBUO).

35. Sarcophaga (Sarcophaga) variegata (Scopoli, 1763)

New records for Croatian Baranja. Zmajevac, 30.VIIL.2019, S. Krémar leg.
(23) (SMNS); same locality, 11.V.2021, S. Krémar leg. (13) (DBUO); Petlovac,
18.V1.2021, S. Krémar leg. (43) (DBUO).

36. Sarcophaga (Thyrsocnema) incisilobata Pandellé, 1896

Records. Zmajevac, 16.V.2019, S. Kr¢mar leg. 23) (DBUO, SMNS); same local-
ity, 17.V1.2019, S. Krémar leg. (38) (DBUO); 22.VII1.2019, S. Krémar leg. (1)
(DBUO); same locality, 24.VIIL.2019, S. Kr¢mar leg. (33) (DBUO); same locality,
5.IX.2019, S. Kr¢mar leg. (43) (DBUQ); same locality, 6.IX.2019, S. Krémar leg.
(103) (DBUO); same locality, 8.V.2020, S. Kr¢mar leg. (2) (DBUO); same locality,
12.V1.2020, S. Kr¢mar leg. (1) (DBUO); same locality, 19.V1.2020, S. Krémar leg.
(2d) (DBUO); same locality, 28.V1.2020, S. Krémar leg. (33) (DBUO); same local-
ity, 12.VII1.2020, S. Krémar leg. (3d) (DBUO); same locality, 11.X.2020, S. Krémar
leg. (13) (DBUO); same locality, 20.X.2020, S. Kr¢mar leg. (43) (DBUO); same
locality, 20.V1.2021, S. Kr¢mar leg. (43) (DBUO); same locality, 12.VII1.2021, S.
Krémar leg. (14) (DBUO).

New records for Croatian Baranja. Petlovac, 18.V.2021, S. Krémar leg. 3N
(DBUO); same locality, 18.V1.2021, S. Krémar leg. (13) (DBUO); same locality,
20.VI1.2021, S. Kr¢mar leg. (13) (DBUO); Suza, 18.V.2021, S. Krémar leg. 1
(DBUO); same locality, 25.V1.2021, S. Krémar leg. (13) (DBUO); same local-
ity, 11.VIL.2021, S. Krémar leg. (13) (DBUO); Darda, 17.V1.2021, S. Krémar leg.
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(18) (DBUO); Kotlina, 18.V1.2021, S. Krémar leg. (1) (DBUO); same locality,
20.VIL.2021, S. Krémar leg. (1) (DBUO); same locality, 12.VII1.2021, S. Krémar
leg. (33) (DBUO); Popovac, 13.VII1.2021, S. Krémar leg. (14) (DBUO).

37. Sarcophaga (Pseudothyrsocnema) spinosa Villeneuve, 1912 A

New records for Croatian Baranja. Zmajevac, 12.VII1.2020, S. Kré¢mar leg. (1)
(SMNYS). New for Croatia.

Table 2. Number of species and specimens of flesh flies from subfamily Sarcophaginae collected at seven
localities in Croatian part of Baranja from 2018 to 2021.

Species / Locality 1Bilje 2 Darda 3 Kotlina 4 Petlovac 5 Popovac 6 Suza 7 Zmajevac X

Sarcophaga (Sar.) croatica 20 32 17 41 1 33 328 472
S. (Sar.) lehmanni 4 - 20 8 11 42 191 276
S. (Pas.) albiceps 6 - 1 - - - 59 66
S. (Sar.) baranoffi - 2 2 2 - 4 52 62
S. (Thy.) incisilobata - 1 5 5 3 44 59
S. (Lis.) emdeni - - - - - 10 33 43
S. (Lis.) aegyptica - 1 1 6 3 1 29 41
S. (Hel.) melanura - 1 - 1 3 - 33 38
S. (Het.) filia - - - 3 - 2 32 37
S. (Ros.) aratrix - 1 - - 1 5 25 32
S. (Hel.) noverca - - - - - - 29 29
S. (Bel.) subulata - - - - - 18 18
S. (Pad.) similis - 1 - 2 1 - 13 17
Ravinia pernix - 1 2 - 6 - 6 15
S. (Myo.) soror - - - - - - 12 12
S. (Het.) haemorrhoa - - - - - - 10 10
S. (Myo.) nigriventris - - - - - _ 7 7
S. (Sar.) variegata - - - 4 - - 3 7
S. (Hel.) crassimargo - - - - - - 6 6
S. (Het.) pseudobenaci - - - 2 - _ 4 6
S. (Het.) schineri - - - - - - 5 5
S. (Sar.) carnaria - - 3 - - _ 2 5
S. (Lip.) argyrostoma - - - - 1 - 3 4
S. (Rob.) caerulescens - - - - _ _ 4 4
S. (Het.) proxima - - - - - - 3 3
S. (Het.) vagans - - - - _ - 3 3
S. (Ber.) africa - - - - - _ 2 2
S. (Hel.) hirticrus - - - - - B 2 2
S. (Het.) haemorrhoides - - - - - - 2 2
S. (Het.) pumila - - - - 1 - 1 2
S. (Lis.) tuberosa - - - - - 1 1 2
S. (Het.) depressifrons - - - - - - 1 1
S. (Lip.) crassipalpis - - - - 1 B _ 1
S. (Lis.) dux - 1 - - - _ _ 1
S. (Meh.) sexpunctata - - - - - - 1 1
S. (Pan.) protuberans - - - - - - 1 1
S. (Pse.) spinosa - - - - - - 1 1

Y =37 30 41 51 74 30 101 966 1293
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Table 3. Number of collected flesh flies from subfamily Sarcophaginae according to sampling years in
the Croatian part of Baranja.

Species / Year 2018 2019 2020 2021 Yy
Sarcophaga (Sar.) croatica 14 190 90 178 472
S. (Sar.) lehmanni - 91 81 104 276
S. (Pas.) albiceps - 40 12 14 66
S. (Sar) baranoffi 2 34 5 21 62
S. (Thy.) incisilobata - 23 16 20 59
S. (Lis.) emdeni 1 22 8 12 43
S. (Lis.) aegyptica - 23 4 14 41
S. (Hel.) melanura 2 20 2 14 38
S. (Het.) filia - 1 31 5 37
S. (Ros.) aratrix 1 14 6 11 32
S. (Hel.) noverca 6 19 4 - 29
S. (Bel.) subulata 4 9 4 1 18
S. (Pad.) similis - 12 1 4 17
Ravinia pernix - 1 4 10 15
S. (Myo.) soror 1 8 3 - 12
S. (Het.) haemorrhoa 1 3 6 - 10
S. (Myo.) nigriventris - 3 4 - 7
S. (Sar.) variegara - 2 - 5 7
S. (Hel.) crassimargo - 2 4 - 6
S. (Het.) pseudobenaci - 1 3 2 6
S. (Het.) schineri 1 1 3 - 5
S. (Sar.) carnaria - 1 - 4 5
S. (Lip.) argyrostoma - 3 - 1 4
S. (Rob.) caerulescens - 2 2 - 4
S. (Het.) proxima - 3 - - 3
S. (Het.) vagans - 1 2 - 3
S. (Ber) africa - 2 - - 2
S. (Hel.) hirticrus - 1 1 - 2
S. (Het.) haemorrhoides - - 2 - 2
S. (Het.) pumila - - - 2 2
S. (Lis.) tuberosa - 1 - 1 2
S. (Het.) depressifrons - - 1 - 1
S. (Lip.) crassipalpis - - - 1 1
S. (Lis.) dux - - - 1 1
S. (Mebh.) sexpunctata - - 1 - 1
S. (Pan.) protuberans - - 1 - 1
S. (Pse.) spinosa - - 1 - 1
Y =37 33 533 302 425 1293

Discussion

The first samples of flesh flies from Croatian Baranja were collected from 2014 to
2017 in the localities Zmajevac and Kamenac, at which time 29 species were recorded
(Krémar et al. 2019). Of those 29, the following five species were not confirmed in the
present study: Blaesoxipha (Ser.) rossica Villeneuve, 1912; S. (Het.) benaci Boticher, 19135
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S. (Kra.) anaces Walker, 1849; S. (Lis.) portschinskyi (Rohdendorf, 1937), and S. (Sac.)
sinuata Meigen, 1826. Meanwhile, 13 species were newly recorded for the area in this
study. Of all the 42 species recorded from Croatian Baranja, 41 are widely distributed
in Central Europe (Povolny and Verves 1997), whereas one, S. (Hez.) pseudobenaci, is
restricted to southeastern Europe (Pape 2004). Sarcophaga (Pse.) spinosa represents a new
record for Croatia, which is not surprising as this species is recorded from neighbouring
Hungary and Serbia, and has also been recorded from Albania, French mainland, Italian
mainland, North Macedonia, Romania, and Ukraine (Pape 2004). Most species were
found in natural and semi-natural habitats, although some of the species recorded in this
study, i.e., S. (Ber) africa, S. (Hel.) hirticrus, S. (Het.) depressifrons, S. (Lip.) argyrostoma,
S. (Ros.) aratrix, and S. (Sar) carnaria are known to be found also in urban habitats
(Hwang and Turner 2005). Some species of significance for forensic entomology were
collected on several localities around pond habitats in rural settlements, in particular
S. (Lip.) argyrostoma and S. (Lis.) dux, both of which colonize decomposing human
remains (Draber-Moriko et al. 2009; Sukontason et al. 2014), whereas S. (Lis.) dux has
a medical importance as an agent of myiasis (Sukontason et al. 2014). Also, an impor-
tant role of S. (Lip.) argyrostoma in accidental intestinal myiasis was recently confirmed
(Najjari et al. 2020). Moreover, S. (Ber) africa, S. (Lip.) argyrostoma, S. (Pad.) similis,
and S. (Rob.) caerulescens have been found on corpses in indoor cases in Switzerland and
Finland (Cherix et al. 2012; Ren et al. 2018), while S. (Lip.) crassipalpis was found on
corpses at the earliest stage of decomposition in Australia (Ren et al. 2018). All these five
species were recorded in this study (Table 2). Sarcophaga (Pad.) similis was recorded in
four localities (Darda, Petlovac, Popovac, Zmajevac). Sarcophaga (Lip.) argyrostoma was
recorded on two localities (Popovac, Zmajevac), S. (Ber.) africa, and S. (Rob.) caerulescens
were only recorded in Zmajevac, while S. (Lip.) crassipalpis was recorded only in Popovac
(Table 2). In this study, a large number of flesh fly specimens were collected on or nearby
pet animal faeces and on discarded leftover food. This is not surprising since it is known
that S. (Pas.) albiceps, S. (Thy.) incisilobata, and Ravinia pernix visit excrements from
humans and (other) animals (Papp 1992a, 1992b). Several species of flesh flies are also
known to visit different animal carcasses (Szpila et al. 2015). Among them, the following
species were recorded during this study: R. pernix, S. (Hel.) melanura, S. (Lip.) argyros-
toma, S. (Pad.) similis, S. (Pas.) albiceps, S. (Rob.) caerulescens, S. (Ros.) aratrix, S. (Sar.)
carnaria, S. (Sar.) lehmanni, S. (Sar.) variegata, and S. (1hy.) incisilobata. During this
study not a single specimen of flesh flies was collected from carcasses. In Yozgat province
of Turkey, 21 flesh flies species were recorded visiting small carrion (Pekbey 2019) from
which S. (Ber) africa, S. (Hel.) hirticrus, S. (Hel.) melanura, S. (Lip.) argyrostoma, S. (Lip.)
crassipalpis, S. (Lis.) aegyptica, S. (Lis.) emdeni, S. (Lis.) tuberosa, S. (Myo.) nigriventris,
S. (Sar.) lehmanni and S. (Thy.) incisilobata were also collected in this study. Eighty years
ago, Baranov (1940) confirmed the presence of five flesh fly species in a laystall in the
village of Metajna on the Island of Pag, four of which were also recorded in this study.
In a similar study from the Polish Baltic coast, a number of species were recorded from
a marshy habitat (15) and a sandy habitat (24) (Kaczorowska 2009), while in this scudy
37 species were recorded from pond habitats. Regardless of the distance and different
climatic conditions, 11 species are present in all three types of habitats: S. (Ber.) africa,
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S. (Hel.) crassimargo, S. (Hel.) melanura, S. (Het.) haemorrhoa, S. (Het.) vagans, S. (Myo.)
nigriventris, S. (Rob.) caerulescens, S. (Ros.) aratrix, S. (Sar.) carnaria, S. (Sac.) sinuata,
and S. (7hy.) incisilobata. In marshy and sandy habitats the most numerous species was
S. (Sar.) carnaria (Kaczorowska 2009), while S. (Sa) croatica was the most abundant
around pond habitats in rural settlements. Martinez-Sdnchez et al. (2000) recorded 12
species from a holm-oak pasture agroecosystem in Salamanca province (Spain), from
which four species S. (Ber) africa, S. (Hel.) melanura, S. (Lip.) crassipalpis, and S. (Sar.)
lehmanni were also collected in this study. The large differences in the number of record-
ed species between Zmajevac and other localities may be explained by the much higher
number of samples. This is clearly shown by the fact that in 2021 only 15 species were
collected at the Zmajevac locality compared to the total number of 35 species that were
sampled during all three years (2019-2021) at this locality. The lower number of re-
corded species at the Bilje locality was influenced by environmental factors such as open
sun throughout the day (with afternoon temperatures > 32 °C) and a lack of animal
faeces and remains for food, which reduced the number of recorded species. The seven
localities around pond habitats are polluted by different organic contaminations caused
by various human activities, which can attract certain species for feeding and breeding.

Conclusions

The species S. (Sar) croatica and S. (Sar.) lehmanni were recorded from almost all
sampling sites around pond habitats in the Croatian part of Baranja. They belong to
the most widespread and abundant flesh flies in Croatia and have been recorded in all
three biogeographic regions: Alpine, Mediterranean, and Pannonian—Peripannonian.
By merging data from earlier studies (2014-2017) and this study, altogether 42 species
of flesh flies were recorded in the Croatian part of Baranja. The species S. (Pse.) spinosa
is recorded as new for the Croatian fauna, thus increasing the total number of recorded
species of flesh flies in Croatia to 156.
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Abstract

Amphipods in the parvorder Oedicerotidira are burrowers, furrowers, or surface skimmers. Members of
the parvorder share a well-developed posteroventral lobe on coxa 4, an equilobate coxa 5, an immensely
elongate pereopod 7 that differs in structure from pereopod 6, and an entire telson. Within the parvorder,
only the family Oedicerotidae has been documented from Bocas del Toro, Panama, represented by two
species. This research documents a range extension for Hartmanodes nyei (Shoemaker, 1933) and describes
a new species of Synchelidium Sars, 1892. An identification key to the species of Caribbean Oedicerotidae

of Panama is provided.

Keywords
Bocas del Toro, Caribbean, Hartmanodes nyei, identification key, new species, Oedicerotidae, Panama,

Synchelidium purpurivitellum sp. nov.

Introduction

Parvorder Oedicerotidira Lilljeborg, 1865 (Lilljeborg 1865b) is comprised of 302
species, with representative species documented around the world. Members of
Oedicerotidira share a well-developed posteroventral lobe on coxa 4, an equilobate
coxa 5, an immensely elongate pereopod 7 that differs in structure from pereopod
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6, and an entire telson (Lowry and Myers 2017). The parvorder contains three
families of burrowing, furrowing, or surface skimming amphipods: Exoedicerotidae
Barnard & Drummond, 1982 (20 spp.), Oedicerotidae Lilljeborg, 1865 (262 spp.),
and Paracalliopiidae Barnard & Karaman, 1982 (20 spp.). Only one of these fami-
lies, the Oedicerotidae, is known to occur in the Caribbean Sea and, to date, only
six species within that family have been reported from the Caribbean: Aceroides
(Patoides) synparis (Barnard, 1964); Americhelidium americanum (Bousfield, 1973);
Hartmanodes nyei (Shoemaker, 1933); Kroyera carinata Bate, 1857 (as Monoculodes cf.
carinatus); Perioculodes cerasinus Thomas & Barnard, 1985; Westwoodilla longimana
Shoemaker, 1934 (LeCroy et. al. 2009; Martin et. al. 2013). Of these Caribbean
species, only A. synparis has been documented from Panamanian waters, occurring
at a depth of 850 m (Barnard 1964).

Defining characteristics of amphipods in the family Oedicerotidae include having
a well-developed antenna 2, reaching at least half the length of antenna 1; a strong
down-curved rostrum; well-developed dorsolateral eyes; coxae 1-3 well-developed,
each longer than the previous coxa; a subchelate gnathopod 1; article 3 of gnathopod
2 less than 2 x as long as wide; and a distally attenuate pereopod 7 that is longer and
more slender than pereopod 6. Amphipods in the family Oedicerotidae differ from
those in the families Exoedicerotidae and Paracalliopidae in having separate urosomite
segments and lacking the oblique setal row on the maxilla 2 inner plate (Lowry and
Myers 2017). Most species of the parvorder burrow into sediment, but litte else is
known about their ecology.

Two species of oedicerotid amphipods were collected from Bocas del Toro, Pana-
ma, one of which is new to science. Both species are diagnosed and the new species is
described herein, and an identification key is provided to distinguish between the three
species known from the Caribbean waters of Panama.

Materials and methods

Amphipods were collected by hand using a Ziploc bag to scoop up fine sand from
Crawl Cay, Bocas del Toro, Panama at depths of 1.5-5.0 m. The sand was elutriated
with freshwater to remove amphipods. Live specimens were sorted to morphospe-
cies, placed in clove oil for imaging, and preserved in 99.5% EtOH for later exami-
nation. Preserved specimens were transferred to glycerol, measured from the tip of
the rostrum to the base of the telson, and dissected under a stereomicroscope. Speci-
mens were illustrated using a Meiji MT5900L phase contrast microscope with an
Olympus U-DA drawing tube attached. Illustrations were digitally inked following
Coleman (2003) in Adobe Illustrator 2020 using a Wacom Intuos Pro Pen Tablet.
Specimens are deposited in the Smithsonian Institution, U.S. National Museum of
Natural History (USNM).
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Results
Descriptions

Parvorder Oedicerotidira Lilljeborg, 1865 (Lilljeborg, 1865b)
Superfamily Oedicerotoidea Lilljeborg, 1865 (Lilljeborg, 1865a)
Family Oedicerotidae Lilljeborg, 1865 (Lilljeborg, 1865b)

Genus Hartmanodes Bousfield & Chevrier, 1996

Generic diagnosis. Antenna 1 shorter than antenna 2; male antenna 2 much longer
than that of female; head, rostrum large, apex deflexed. Gnathopods 1 and 2 not sexu-
ally dimorphic; gnathopod 1 carpus broad, propodus long, ovate; Gnathopod 2 sub-
chelate, carpus narrow, propodus elongate, narrowing distally. Pereopod 5 coxa large,
deep, equilobate. Pereopod 7 basis with small posterodistal lobe. Telson short, apex
truncate or emarginate.

Hartmanodes nyei (Shoemaker, 1933)
Figs 1, 2, 6A

Monoculodes nyei Shoemaker, 1933: 9, fig. 5.
Hartmanodes nyei: Bousfield and Chevrier 1996: 92; LeCroy 2000: 169, fig. 205.

Material examined. Panama ¢ 1 @, 4.0 mm; Bocas del Toro, Crawl Cay; 9.2475°N,
82.1290°W; depth 5 m, in sand; 12 Aug 2021; K.N. White leg; USNM 1522425 o
1 &, 3.5 mm; same station data as for preceding; USNM 1522426 ¢ 4 Q; same station
data as for preceding; USNM 1522427 ¢ 1 9, 1 &, 2 juvenile; Bocas del Toro, Crawl
Caye; 9.2376°N, 82.1438°W/; depth 2 m, in sand, 11 Aug 2021; K.N. White leg.;
USNM 1522428.

Diagnosis. Antenna 1 of female subequal to peduncle of antenna 2; antenna 2 of
male much longer than that of female; head, anterodorsal angle broadly subquadrate.
Pereopods 3 and 4 propodus subrectangular, dactylus elongate, slender; pereopods 5
and 6 dactylus elongate, subequal to propodus in length; pereopod 7 basis posterior
margin with several short setae, carpus and propodus, posterior margin with several
spine groups, dactylus elongate, slender.

Distribution. U.S.A.: Gulf of Mexico (Rakocinski et al. 1993), South Florida
(Shoemaker 1933; Thomas 1993), Pacific California (Barnard 1962; Bousfield and
Chevrier 1996); South America: Brazil (Shoemaker 1933); Central America: Belize
(Thomas 1993), Panama (present study).

Ecology. These amphipods burrow into sand in shallow subtidal habitats.
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Figure |. Hartmanodes nyei, female, 4.0 mm, pereopod 3, pereopod 3 dactyl with setae removed, pereo-

pod 6 and 7, antennae 1 and 2; male, 3.5 mm, antenna 1 and antenna 2 (broken). Scale bars: 0.1 mm.
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Figure 2. Hartmanodes nyei, female, 4.0 mm, gnathopods 1 and 2 lateral. Scale bar 0.1 mm.

Genus Synchelidium Sars, 1892

Generic diagnosis. Antenna 1 shorter than antenna 2; male antenna 2 much longer than
that of female; head, rostrum strong, distally deflexed. Gnathopods 1 and 2 not sexually
dimorphic; gnathopod 1 carpus elongate, slender, propodus broad; Gnathopod 2 chelate,
carpal lobe slender, propodus elongate. Pereopod 5 coxa medium, deep, equilobate. Pereo-
pod 7 basis lacking or with weak posterior lobe. Telson short, apex emarginate or rounded.

Synchelidium purpurivitellum sp. nov.
https://zoobank.org/117F5F75-7DE0-403D-8CIE-34DCB11C8EC1
Figs 3-5, 6B

Type locality. Bocas del Toro, Panama: Crawl Cay, 9.2475°N, 82.1290°W, depth 5 m,
in sand.

Material examined. Holotype: Panama ¢ 1 @, 2.3 mm; Bocas del Toro, Crawl
Cay; 9.2475°N, 82.1290°W; depth 5 m, in sand; 12 Aug 2021; K.N. White leg;
USNM 1522429.

Paratypes: Panama ° 1 &, 2.0 mm; same station data as for preceding; USNM
1522430 ¢ 1 9, 2.0 mm; same station data as for preceding; USNM 1522431.
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Figure 3. Synchelidium purpurivitellum sp. nov. holotype female, 2.3 mm, habitus; paratype male,
2.0 mm: head, antennae broken. Scale bars: 0.5 mm.

Other material: Panama * 2 9, 1 3, 3 juvenile, same station data as for preceding;
USNM 1522432.

Diagnosis. Gnathopod 1 propodus, palm regularly toothed. Gnathopod 2 propo-
dus slender, 6 x length of dactyl. Pereopod 3 propodus with anteroproximal margin
longer than anterodistal margin, dactylus short, stubby. Coxa 4 posteroventral angle
slightly produced. Coxa 6 posteroventral angle narrowly rounded. Pereopod 7 merus
with spines on posterior margin slightly shorter than width of article. Epimeron 3 an-
teroventral margin narrowly produced. Telson thickened dorsoventrally, narrowing dis-
tally, apex subtruncate with two medium setae dorsolaterally, two short setae medially.

Description. Female (holotype, 2.3 mm). Head. Rostrum deflexed, reaching ven-
tral margin of head, not surpassing article 1 of antenna 1. Eyes large, covering entire
anterior portion of head. Antenna 1 length surpassing peduncle of antenna 2, mod-
erately setose, peduncle segments subequal; flagellum 5-articulate. Antenna 2 is 1.2 x
length of antenna 1, flagellum 5-articulate. Maxilliped, inner plate with four apical
setae, outer plate with four or five distomedial, marginal setae. Lower lip, inner lobes
rounded, outer lobes with large gape, apically setose. Maxilla 1 outer lobe with five api-
cal plumose setae; palp bi-articulate, with three apical setae. Maxilla 2 inner plate with
two apical setae, outer plate with three apical setae. Mandibles similar, incisors dentate;
left mandible lacinia mobilis 6-dentate, right mandible lacinia mobilis 4-dentate; four
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Figure 4. Synchelidium purpurivitellum sp. nov. holotype female, 2.3 mm, gnathopods 1 and 2 lateral,
G1 medial palm, left mandible, maxilla 1 and 2; paratype male, 2.0 mm: pereopod 7 (dactyl broken),
telson. Scale bars: 0.1 mm.
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accessory spines; molar process small; palp tri-articulate, article 2 with three setae, arti-
cle 3 subequal in length with article 1, with two or three setae. Upper lip asymmetrical,
apically setose.

Pereon. Coxae weakly setose on distal margin; coxae 1-3 subrectangular; coxa 4
subquadrate, slightly produced posterodistally. Gnathopod 1 subchelate; basis with
few short setae on anterior margin; merus not expanded; carpal lobe reaching palmar
angle, with two distal setae; propodus ovate, palm oblique, regularly toothed, defined
by blunt tipped spine; dactylus reaching palmar angle. Gnathopod 2 chelate; basis
slender, with one short seta on anterodistal margin; propodus minutely toothed on
cutting edge of fixed finger, sparsely setose; total length of dactylus one-sixth of propo-
dus, smooth. Pereopods 3 and 4 bases slender, with long plumose setae on anterodistal
and posterodistal margins; propodus with anteroproximal margin longer than antero-
distal margin; dactylus short, stout, one-fourth length of propodus. Pereopod 5 basis
anterior margin with distally located plumose setae and a single row of medial plumose
setae along the midline; propodus subequal to carpus. Pereopod 6 moderately setose;
propodus subequal to carpus. Pereopod 7 basis subrectangular, lacking posterodistal
lobe, posterior margin lined with short setae; dactylus styliform, at least as long as
propodus (broken).

Pleon. Epimera 1-3 margins smooth, bare; epimeron 3, posteroventral margin
evenly rounded. Uropod 1, peduncle 1.2 x length of outer ramus, inner and outer rami
subequal in length, inner ramus with one robust marginal seta, outer ramus with four
robust setae, inner and outer rami lined with fine setae. Uropod 2 peduncle subequal
in length to outer ramus, inner ramus broken, inner ramus with one robust marginal
seta, outer ramus with three robust setae, inner and outer rami lined with fine setae.
Uropod 3 peduncle 0.3 x length of outer ramus, inner ramus 1.2 x length of outer
ramus, each ramus with one robust seta, lined with fine setae. Telson thickened dors-
oventrally, narrowing distally, apex subtruncate with two medium setae dorsolaterally,
two short setae medially.

Male (paratype, 2.0 mm). Similar in all aspects to the female with the exception
of the following: Eye slightly larger; antenna 2 flagellum elongate, at least 0.5 x body
length (broken); gnathopods 1 and 2 bases slightly wider than in female.

Etymology. After the Latin purpur, meaning purple and vizellum, meaning yolk
and referring to the striking purple color of the eggs in the brood pouch of females of
this species.

Distribution. Panama: Bocas del Toro (present study).

Ecology. These amphipods burrow into sand in shallow subtidal habitats.

Remarks. Synchelidium purpurivitellum sp. nov. is similar to the geographically
close species Americhelidium americanum in many aspects, but differs in having a
strongly toothed gnathopod 1 propodal palm (smooth in A. americanum), a broadly
rounded posteroventral corner of epimeron 2 (produced in A. americanum), and lack-
ing the posterodistal lobe found on the basis of pereopod 7 in A. americanum.

Within the genus, Synchelidium purpurivitellum sp. nov. is most similar to Synche-
lidium maculatum Stebbing, 1906, sharing the long gnathopod 1 carpus and toothed
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Figure 5. Synchelidium purpurivitellum sp. nov. holotype female, 2.3 mm, antennae 1 and 2, pereopods

3 and 4, uropods 1-3; paratype male, 2.0 mm: maxilliped. Scale bars: 0.1 mm.
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Figure 6. Photographs of live specimens A Hartmanodes nyei, male B Synchelidium purpurivitellum sp.

nov. female. Scale bar: 1.0 mm.
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propodus palm, minute pereopod 3 and 4 dactyls, and rounded posteroventral corner
of epimeron 2. It differs from S. maculatum in having shorter antenna 1 flagellum,
subrectangular gnathopod 1 propodus (ovate in S. maculatum), and subtruncate telson
(rounded in S. maculatum). The subtruncate telson distinguishes S. purpurivitellum sp.
nov. from all other Synchelidium species, but this character most resembles Synchelidium
intermedium Sars, 1892, which has a truncate telson.

Identification Key to the Caribbean Oedicerotae of Panama

1 Gnathopod 1, carpal lobe slender; gnathopod 2 chelate; pereopods 3 and 4,
dactylus short......ccoveeneiinccnnnne. Synchelidium purpurivitellum sp. nov
- Gnathopod 1, carpal lobe broad; gnathopod 2 subchelate; pereopods 3 and 4,
dactylus 1ong.......ccocciiiiiiiiii 2
2 Eye well-developed; pereopods 3 and 4, carpus subquadrate, not produced,
subequal in width to propodus; pereopod 7, basis without facial setae; telson
apically truncate........ocoeeeveiiiniinieininccceee Hartmanodes nyei

- Eye absent; pereopods 3 and 4, carpus posteroventrally produced, 3 x as wide
as propodus; pereopod 7, basis with facial setae; telson apically convex.........
...................................................................... Aceroides (Patoides) synparis

Discussion

The results of this study increase the number of Caribbean oedicerotid amphipods
known from Panama to three, with the documentation of a new species and a range
extension to include Panama for H. nyei. Hartmanodes nyei has previously been report-
ed from the western Atlantic Ocean, including the Caribbean Sea (Shoemaker 1933;
Rakocinski et al. 1993; Thomas 1993; LeCroy 2000), with two questionable records in
the Pacific Gulf of California (Barnard 1962; Bousfield and Chevrier 1996).

The genus Synchelidium now contains eight species worldwide, with Synchelidium
purpurivitellum sp. nov. being the first Caribbean species of the genus. Americhelidium
americanum was reported from the Caribbean as Synchelidium americanum before the
closely related genus Americhelidium Bousfield & Chevrier, 1996 was erected (Thomas
1993). Bousfield and Chevrier (1996) designated Americhelidium as a North Pacific
coastal marine genus, including A. americanum, and Synchelidium as a European
Atlantic genus. Despite this designation, Synchelidium purpurivitellum sp. nov. is
placed in the genus based on the strongly toothed gnathopod 1 propodus, broadly
rounded epimeron 2, and the lack of a posterodistal lobe on the basis of pereopod 7,
all of which are the diagnostic characters selected by Bousfield and Chevrier (1996)
to distinguish this genus from Americhelidium. It is likely that the genera have a wider
distribution, but have yet to be documented properly, given the similarities among the
species, which would explain its presence in Caribbean Panama. Future investigation
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of additional material, including type material will aid in understanding the relation-
ships between species of the Americhelidium and Synchelidium. Documenting these
sand burrowing species from Bocas del Toro may allow their inclusion in future ap-
plied studies, including studies on trophic interactions, habitat-use, and population or
community analyses.
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Abstract

A new genus of the subfamily Coelotinae F. O. Pickard-Cambridge, 1893, Yunguirius gen. nov. is de-
scribed, comprising two new species and three species previously described in Draconarius Ovtchinnikov,
1999, all from southwest China: ¥ duoge sp. nov. (f), Y. xiangding sp. nov. (?), Y. ornatus (Wang,
Yin, Peng & Xie, 1990) comb. nov. (3Q) (the type species of Yunguirius gen. nov.), Y. subterebratus
(Zhang, Zhu & Wang, 2017) comb. nov. (?), and Y. terebratus (Peng & Wang, 1997) comb. nov. (3 Q).
Molecular analyses support Yunguirius gen. nov. as a monophyletic group, with the Sinodraconarius clade
as its sister group: Yunguirius gen. nov. + (Hengconarius + (Nuconarius + Sinodraconarius)).

Keywords

Asia, Draconarius, funnel weaver spider, new combination, new species, phylogeny

Introduction

The subfamily Coelotinae E O. Pickard-Cambridge 1893 (Araneae: Agelenidae) is
distributed worldwide (i.e., throughout Asia, Europe and North America) and is rep-
resented by 798 species in 37 genera (WSC 2023). Over the past decade, with the con-
certed efforts of arachnologists, this subfamily has achieved a basic and relatively stable

Copyright Bing Li et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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framework, both in morphology and molecular phylogeny amongst the known genera
(Chen et al. 2015, 2016; Zhao and Li 2016, 2017; Okumura 2017, 2020; Zhu et al.
2017; Li et al. 2018a—c, 2019b, ¢; Okumura and Zhao 2022). Herein, we focus on
the taxonomy of the paraphyletic Draconarius-clades defined by Zhao and Li (2017).

Draconarius Ovtchinnikov, 1999 is exceptionally species rich (i.e., currently com-
prising 274 valid species) and morphologically diverse, but some studies have shown that
it is not monophyletic (Zhao and Li 2017; Li et al. 2018b; Zhao et al. 2020), and that
the genus is in the need of a thorough revision. Species currently considered in this genus
are mainly distributed from the Pamir Mountains to the Himalayas (Li et al. 2018b).
Considering that the type species (D. venustus Ovtchinnikov, 1999) is from Tajikistan,
the known Draconarius species distributed in the Yunnan-Guizhou Plateau to the east
need further taxonomic study (Yin et al. 2012; Zhu et al. 2017). Twenty five species
have recently been transferred to seven other genera, for example, Nuconarius Zhao &
Li, 2018: V. capitulates (Wang, 2003) and N. pseudocapitulatus (\Wang, 2003); Hengcon-
arius Zhao & Li, 2018: H. exilis (Zhang, Zhu & Wang, 2005), H. falcatus Xu & Li,
20006), H. incertus (Wang, 2003), H. latusincertus (Wang, Griswold & Miller, 2010) and
H. pseudobrunneus (Wang, 2003); Sinodraconarius Zhao & Li, 2018: S. patellabifidus
(Wang, 2003), and 7roglocoelotes Zhao & Li, 2019: 1. proximus (Chen, Zhu & Kim,
2008), T tortus (Chen, Zhu & Kim, 2008) and 7. yosiianus (Nishikawa, 1999), etc.

Recently, when examining specimens collected from southwest China and com-
paring them with known species in the literature, we realized that they represent two
undescribed species, and suspected that they may belong to a new genus. The two
species are closely related to D. ornatus (Wang, Yin, Peng & Xie, 1990), D. terebratus
(Peng & Wang, 1997), and D. subterebratus Zhang, Zhu & Wang, 2017. Therefore,
morphological and phylogenetic studies were carried out on these closely related spe-
cies to elucidate their taxonomy.

Materials and methods

Sampling and morphological examination

All specimens studied in this paper were collected from southwest China. Fresh speci-
mens were preserved in 95% ethanol with storage at -20 °C for DNA extraction and
75% ethanol for morphological study. Specimens were examined with a LEICA M205
C stereomicroscope. Photos were taken with an Olympus C7070 wide zoom digital
camera (7.1 megapixels) mounted either on an Olympus SZX12 dissecting microscope
or on an Olympus BX51 compound microscope. Images from multiple focal ranges were
combined using Helicon Focus v. 6.80 photo stacking software program. The epigyne
and male palp were dissected from the body for examination. The epigyne was treated
in a warm 10% potassium hydroxide (KOH) solution. Images of the left male palp are
presented. Measurements were obtained with a LEICA M205 C stereomicroscope and
are given in millimetres. Eye diameters were measured as the maximum distance in
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either dorsal or frontal views. Leg measurements are given as follows: total length (coxa,
trochanter, femur, patella, tibia, metatarsus, tarsus). Terminology follows Wang et al.
(1990), Peng and Wang (1997) and Zhu et al. (2017). Abbreviations are as follows:

Eye area

ALE anterior lateral eye;

ALE-PLE distance between ALE and PLE;
AME anterior median eye;

AME-ALE distance between AME and ALE;
AME-AME  distance between AME and AME;
AME-PME  distance between AME and PME;
PLE posterior lateral eye;

PME posterior median eye;

PME-PLE distance between PME and PLE;
PME-PME  distance between PME and PME.

Depositories of the specimens

HNNU Hunan Normal University;
IZCAS Institute of Zoology, Chinese Academy of Sciences;
MHBU Museum of Hebei University.

Laboratory protocols and phylogenetic analyses

DNA barcodes were obtained for delimiting the species. A partial fragment of the
mitochondrial cytochrome oxidase subunit I (COI) gene was amplified and sequenced
for the new and type species using primers LCO1490-oono (5-CWACAAAYCATAR-
RGATATTGG-3’) and HCO2198-zz (5-TAAACTTCCAGGTGACCAAAAAAT-
CA-3’), following Zhao and Li (2017) and Zhao et al. (2020). GenBank accession
numbers of CO1I are listed separately in Table 1.

To perform phylogenetic analyses, part of the molecular data of coelotine spiders
from Zhao and Li (2017), Zhao et al. (2020), and Okumura and Zhao (2022) were
collected. The new molecular dataset consists of eight genes: COZ, NADH dehydro-
genase subunit I (VD1I) gene, histone 3 (H3) gene, wingless gene and the ribosomal
RNA genes 128, 165, 18S, and 28S. They were assembled from 72 species, 67 known
species (with 26 type species from different genera) in 32 known genera of Coelotinae
as the ingroup, and three species of Ageleninae and one species of Amaurobiidae as
the outgroup, alongside three new sequences. GenBank accession numbers for all the
above genes are shown in Suppl. material 1.

Phylogenetic relationships were inferred using both maximum likelihood (ML)
and Bayesian inference (BI). First, the best-fit partitioning schemes and models were
selected for the RAXML and MrBayes analyses using PartitionFinder v.2.1.1 (Lanfear
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Table I. Voucher specimen information.

Species Voucher code GenBank accession  Sequence  Collection localities
number length
Y. ornatus comb. nov. IZCAS-Ar44406 (YX055) 0Q243292 771bp  Kunming, Yunnan, China
Y. ornatus comb. nov. 1ZCAS-Ar44407 (YX366) 0Q243293 798bp Yuxi, Yunnan, China
Y. duoge sp. nov. 1ZCAS-Ar44401 (YX066) 0Q243294 780bp  Kunming, Yunnan, China
Y. xiangding sp. nov.  1ZCAS-Ar44408 (CL048) KY778892 1194bp  Luzhou, Sichuan, China

et al. 2012). ML analysis was conducted in RAXML v.8.0.0 (Stamatakis 2006) using
the GTRCAT substitution model for all partitions (partitioned by gene). A rapid boot-
strap of 1, 000 replicate ML inferences was performed to determine the best-scoring
ML tree and nodal support values. BI analyses were performed in MrBayes v.3.2.2
(Ronquist and Huelsenbeck 2003) with posterior distributions estimated by Markov
chain Monte Carlo (MCMC) sampling. The appropriate model was selected for each
partition (gene): the GTR + I + G model was favored for each partition, except that
different models were selected for A3 (HKY + I + G), wingless SYM + 1 + G) and
185 (K80 + I + G). Two simultaneous runs with four MCMC chains were performed
for 10 million generations to ensure that the average standard deviation of the split
frequency was below 0.01 and to obtain a well-supported consensus tree. Additional
ML analysis was performed in IQ-TREE (Nguyen et al. 2015) using the ModelFinder
function (-m MFP + MERGE) to select the best-fit model for each partition, and the
option ‘-bb 1,000’ to estimate nodal support values.

Results and discussion

By examining specimens collected from southwest China, we found that two species
with particular external genital morphology could not be placed into existing genera.
They are morphologically similar to three Draconarius species, D. ornatus, D. terebratus,
and D. subterebratus (Wang 2003; Zhu et al. 2017). The epigynes of these five species
all lack epigynal teeth but have a large central atrium. In the vulva, the copulatory
ducts are broad, anteriorly extended and curved, and the spermathecal stalks are elon-
gated. Males also show similar homologous characteristics, such as a thick embolus
beginning at a 7 o’clock position, and a short cymbial furrow less than half the length
of cymbium, although only two males out of five species have been described so far.
All species are closely related to each other by the comprehensive characteristics men-
tioned above and differ from the type species D. venustus Ovtchinnikov, 1999 and the
venustus group of Draconarius which share a pair of triangular epigynal teeth com-
monly (Wang 2003; Li et al. 2019a). Therefore, we establish a new genus, Yunguirius
gen. nov., and herein transfer the three Draconarius species to it.

Our different phylogenetic analyses infer similar tree topologies (Fig. 1) and
strongly support Yunguirius gen. nov. as a monophyletic group (ML rapid bootstrap
=100 and 95; BI posterior probability = 1.00). Although the relationships within the
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Figure I. Phylogenetic trees A, B maximum likelihood (ML) trees obtained by using IQ-TREE
C, D ML trees obtained by using RAXML E, F bayesian trees obtained by using MrBayes. Support values
for major nodes are shown. Scale bar corresponds to the expected number of substitutions per site. Aster-

isks express the type species of each genus.

genus are unclear (two species lack molecular data), the other three species are indeed
genetically closely related. The genus is sister to the Sinodraconarius clade (Hengconarius
+ (Nuconarius + Sinodraconarius)) and genetically distant from the genus Draconarius.
The close relationship between Yunguirius gen. nov. and the Sinodraconarius clade
can also be confirmed by having common morphological features such as bifurcated
conductors and absent epigynal teeth, which obviously differ from Draconarius.
Geographically, species of Yunguirius gen. nov. are restricted to southwest China
(Fig. 5). Zoogeographic studies suggest that the genus-level distribution of coelotine
spiders is regional, and the divergence and formation of these monophyletic genera are
closely related to geological and climatic events in Eurasia (Zhao and Li 2017; Zhao
et al. 2022). From the above results, including morphological differences between
the Sinodraconarius clade and Draconarius, we consider that the establishment of
Yunguirius gen. nov. is justified.
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Taxonomy

Family Agelenidae C.L. Koch, 1837
Subfamily Coelotinae F.O. Pickard-Cambridge, 1893

Genus Yunguirius B. Li, Zhao & S. Li, gen. nov.
https://zoobank.org/95909E7E-61FF-4CCC-9747-900F0304B3BF

Type species. Coclotes ornatus Wang, Yin, Peng & Xie, 1990, from Kunming, Yunnan,
China (designated herein).

Etymology. The generic name is derived from the pinyin word “Yungui”, referring
to Yunnan-Guizhou Plateau where the genus is distributed, and “-77us” refers to the ge-
nus as part of its sister groups of genera: Nuconarius, Hengconarius, and Sinodraconarius.
The gender is masculine.

Diagnosis. Morphological characteristics of Yunguirius gen. nov. resemble those
of Nuconarius, Hengconarius, and Sinodraconarius, which are distributed in southeast-
ern China, by cymbial furrow short, with a length less than half of cymbium (fig. 3
in Zhang 1993; fig. 31 in Peng and Wang 1997), embolus thick, conductor with two
branches (figs 1-3 in Zhang 1993; figs 30, 31 in Peng and Wang 1997), and epigyne
with posterior sclerite, epigynal teeth absent, atrium with sclerotic margin (Figs 2A,
3A, 4A). However, it can be distinguished from these genera by habitus, and detailed
structures of male palp and epigyne as follows: 1) carapace tonneau-shaped, first half
wide, and abdomen beloid (Figs 2C, 3C, 4C); 2) male palp with bifurcate conductor,
the upper branch large and wide with groove, while the lower one is more elongated
(fig. 2 in Zhang 1993; fig. 252D in Zhu et al. 2017); 3) epigynal atrium very large, in
the centre of epigyne and occupying c. 1/2 the size of epigyne (Figs 2A, 3A, 4A); 4)
epigyne dark and sclerotic, with lateral folds that are located between the lateral margin
of the atriumand the epigynal hood (Figs 2A, 3A, 4A); 5) copulatory duct and sper-
mathecal head concomitant, along the contour of the atrium (Figs 2B, 3B, 4B); and 6)
spermatheca located posteriorly, spermathecal head very long and continuous with the
copulatory duct (Figs 2B, 3B, 4B).

Description. Small to very large spiders, body length 6.00 to 21.80. Carapace
brown to black, tonneau-shaped, longer than or as long as abdomen, with longitudi-
nal fovea and dark radial grooves; chelicerae black, with three promarginal and two
retromarginal teeth; endites and labium brown to dark brown, anterior white with
black hairs; sternum brownish to brown, longer than wide. Abdomen yellowish-
brown, nearly oval, posterior widest, with four to six darker chevrons or speckles, or
without any pattern. Leg formula4 >1>2>3 or 1 >4 > 2 > 3. Male palp: patellar
apophysis finger-shaped, retrolateral tibial apophysis large, lateral tibial apophysis
small, median apophysis spoon-shaped; conductor large, with two branches; embo-
lus thick, beginning at a 7 o’clock position, embolic base swollen; cymbial furrow
short, with the length less than half of cymbium. Epigyne: posterior epigynal scle-
rite varying in shape; atrium very large, wide to narrow, with osteosclerotic lateral
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margin, inside white osteon, outside with brownish or brown markings and brown
or darker folds; copulatory duct membranous, arising posteriorly, extending to ante-
rior, opening anteriorly; spermatheca brown, spermathecal base swollen, spermathe-
cal head long and line-shaped, extending anteriorly, opposite end swollen, lamellar
or connected with a stalk.

Distribution. Guizhou, Hunan, Sichuan and Yunnan, China (Fig. 5).

Yunguirius duoge B. Li, Zhao & S. Li, sp. nov.
https://zoobank.org/81FED4C8-2649-48C5-B19E-8F717873A382
Figs 2, 5

Type material. Holotype @ (IZCAS-Ar44401): CHiNA: Yunnan Province: Kunming
City: Panlong District, Duoge Village, Laohuanglong Cave, 25.4254°N, 102.9259°E,
elevation: 2731 m, 4.XI1.2014, Y. Li and Z. Chen leg. Paratypes: 439 (IZCAS-
Ar44402—-Ar44405): CHiNA: Yunnan Province: Kunming City: Panlong District,
Duoge Village, Huanglong Cave, 25.4285°N, 102.9244°E, elevation: 2337 m,
8.X11.2019, Z. Chen leg,.

Etymology. The new species is named after the type locality (Duoge Village); noun
in apposition.

Diagnosis. Yunguirius duoge sp. nov. resembles Y. terebratus by having rectangular
posterior epigynal sclerite, subrounded atrium and dumbbell-shaped spermatheca at
its first half. However, it can be distinguished from Y. terebratus as follows: 1) poste-
rior margin of the epigyne narrow and pointed in the middle (Fig. 2A) in Y. duoge
sp. nov., but flat (fig. 28 in Peng and Wang 1997) in Y. terebratus; 2) epigynal folds
banded (Fig. 2A) in ¥ duoge sp. nov., but dentiform (fig. 28 in Peng and Wang 1997)
in Y. terebratus; 3) anterior copulatory duct close to each other (Fig. 2B) in ¥ duoge
sp. nov., but lapped (fig. 29 in Peng and Wang 1997) in Y. terebratus; and 4) stalk of
spermatheca extending laterally (Fig. 2B) in ¥ duoge sp. nov., but extending anteriorly
(fig. 29 in Peng and Wang 1997) in Y. rerebratus.

Description. Female (holotype) (Fig. 2). Body length 13.27. Carapace 6.04 long,
3.66 wide. Abdomen 7.23 long, 4.86 wide. Eye sizes and interdistances: AME: 0.13,
ALE: 0.17, PME: 0.15, PLE: 0.15; AME-AME: 0.09; AME-ALE: 0.13; AME-PME:
0.04; ALE-PLE: 0.03; PME-PME: 0.07; PME-PLE: 0.18. Leg measurements: I:
16.43 (1.86, 0.82, 4.08, 1.62, 3.30, 2.73, 2.02); II: 14.90 (1.73, 0.77, 3.55, 1.56,
2.82, 2.48, 1.99); 11I: 11.43 (1.39, 0.79, 3.04, 1.08, 1.98, 1.54, 1.61); IV: 16.86
(1.79, 0.81, 4.06, 1.92, 3.72, 2.84, 1.72). Leg formula 4 > 1> 2 > 3. Carapace brown,
anterior and lateral black; fovea and radial grooves dark; chelicerae black, with three
promarginal and two retromarginal teeth; endites and labium dark brown, anterior
white with thin hairs; sternum brownish, lateral brown, c. 1.4 times longer than wide.
Abdomen yellowish-brown, nearly oval, with five dark chevrons and dark speckles.
Epigyne (Fig. 2A, B): posterior epigynal sclerite rectangular, atrium large, anterior
widest, with wide lateral margins, inside with osteon cordiform, outside with brown
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Figure 2. Epigyne and female habitus of Yunguirius duoge sp. nov. A epigyne, ventral B vulva, dorsal
C female habitus, dorsal D same, ventral E same, lateral. Scale bar equal for C—E. Abbreviations: A = atri-
um; CD = copulatory duct; CO = copulatory opening; F = fold; FD = fertilization duct; H = hood; PES =
posterior epigynal sclerite; S = spermatheca; SB = spermathecal base; SH = spermathecal head; St = stalk.
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markings, fold slender and banded, c. 6 times longer than wide; copulatory opening
located anteriorly; copulatory duct symmetric, posterior widest; spermatheca dumb-
bell-shaped at first half, its head continuous through the copulatory duct; fertilization
duct long, c. 5 times longer than wide, with a bent end.

Male. Unknown.
Distribution. Yunnan Province, China (Fig. 5).

Yunguirius ornatus (Wang, Yin, Peng & Xie, 1990), comb. nov.
Figs 3, 5

Coelotes ornatus Wang, Yin, Peng & Xie, 1990: in Wang et al. 1990: 199, figs 53, 54;
Zhang 1993: 47, figs 1-3; Song et al. 1999: 377, fig. 2210, P.

Draconarius ornatus (Wang, Yin, Peng & Xie, 1990): in Wang 2003: 541, figs 46A-C,
96C; Wang and Jager 2008: 2285, fig. 22; Wang et al. 2010: 77, figs 316-321;
Zhu et al. 2017: 329, fig. 200A-E.

Type material (not examined). Holotype @ (HNNU): CHiNa, Yunnan Province,
Kunming City, Xishan District, Xishan Mountain, 25.X.1987, J. Wang leg. Paratypes:
1599 (HNNU): same data as the holotype.

Other material (not examined). 23 ¢ (HNNU): CHiNa, Yunnan Province,
Kunming City, Xishan District, Xishan Mountain, 8.VII.1991; 1@ (MHBU): CHiNa,
Yunnan Province, Kunming City, Xishan District, Xishan Mountain, 28.1V.2004, Z.
Zhang leg.

Material examined. 19 (IZCAS-Ar44406): CHiNa, Yunnan Province, Kunming
City, Xishan District, Xishan Mountain, National Forest Park, Longmen, 24.9511°N,
102.6385°E, elevation: 2437 m, 5.XI1.2014, Y. Li and Z. Chen leg;; 19 (IZCAS-
Ar44407), China, Yunnan Province, Yuxi City, Xinping County, Mopanshan Moun-
tain, National Forest Park, 23.9448°N, 101.9660°E, elevation: 2269 m, 19.111.2019,
Z. Chen leg.

Diagnosis. Yunguirius ornatus can be distinguished from other species of this ge-
nus as follows: 1) atrium inverted trapezoid (Fig. 3A; fig. 53 in Wang et al. 1990)
in Y ornatus, but cordiform (fig. 245A in Zhu et al. 2017) in Y subterebratus and
Y. xiangding sp. nov. (Fig. 4A), or subrounded (Fig. 2A) in Y duoge sp. nov. and (fig. 28
in Peng and Wang 1997) Y. terebratus; 2) median septum present (Fig. 3A; fig. 53 in
Wang et al. 1990) in Y. ornatus; 3) copulatory opening away from each other and the
midline (Fig. 3A; fig. 53 in Wang et al. 1990) in ¥ ornatus, but close to each other and
the midline (fig. 245A in Zhu et al. 2017) in Y. subterebratus and (Fig. 4A) Y. xiangding
sp. nov.; 4) patellar apophysis long, extending beyond the patella to the middle of the
tibia (fig. 3 in Zhang 1993) in Y. ornatus, but extending to the quarter of the tibia
(fig. 31 in Peng and Wang 1997) in Y. terebratus; and 5) lateral tibial apophysis short,
c. 1/4 the length of retrolateral tibial apophysis (fig. 3 in Zhang 1993) in Y. ornatus,
but c. 1/3 (fig. 31 in Peng and Wang 1997) in Y. terebratus.
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Figure 3. Epigyne and female habitus of Yunguirius ornatus comb. nov. A epigyne, ventral B vulva,
dorsal € female habitus, dorsal D same, ventral E same, lateral. Scale bar equal for C-E. Abbreviations: A
= atrium; CD = copulatory duct; CO = copulatory opening; F = fold; FD = fertilization duct; H = hood;
MS = median septum; PES = posterior epigynal sclerite; S = spermatheca; SB = spermathecal base; SH =
spermathecal head; St = stalk.
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Description. Male. See Zhang (1993, figs 1-3) for complete description of male
habitus, Wang (2003 fig. 46A—C) and Zhu et al. (2017, fig. 200C-E) for complete
description of male palp.

Female (IZCAS-Ar44406) (Fig. 3). Body length 21.44. Carapace 10.54 long, 5.32
wide. Abdomen 10.90 long, 7.35 wide. Eye sizes and interdistances: AME: 0.15, ALE:
0.16, PME: 0.16, PLE: 0.17; AME-AME: 0.09; AME-ALE: 0.17; AME-PME: 0.08;
ALE-PLE: 0.06; PME-PME: 0.09; PME-PLE: 0.28. Leg measurements: I: 25.71
(2.84, 1.14, 6.60, 2.62, 5.39, 4.17, 2.95); 11: 21.70 (2.56, 1.05, 5.69, 2.21, 3.91, 3.49,
2.79); 1I: 17.08 (1.99, 1.01, 4.69, 2.14, 2.69, 2.69, 1.87); IV: 22.19 (2.34, 1.19,
6.06, 2.63, 4.39, 3.28, 2.30). Leg formula 1 > 4> 2 > 3. Sternum c. 1.5 times longer
than wide. Epigyne (Fig. 3A, B): posterior epigynal sclerite rectangular, atrium with
white margins, outside with brownish markings, fold bell-jar-shaped, c. 2 times larger
than hood; copulatory opening located anteriorly, away from each other, close to the
lateral margin of the atrium; copulatory duct semilucent; spermatheca lamellar at first
half; its head longer than the length of the copulatory duct; fertilization duct long and
bent, c. 4 times longer than wide. For further details, see Wang et al. (1990).

Distribution. Yunnan Province, China (Fig. 5).

Yunguirius subterebratus (Zhang, Zhu & Wang, 2017), comb. nov.

Draconarius subterebratus Zhang, Zhu & Wang, 2017 in Zhu et al. 2017: 379,
fig. 245A, B.

Type material (not examined). Holotype @ (MHBU): CHiNA: Guizhou Province: Zunyi
City: Daozhen County, Dashahegou Nature Reserve, Xieshiyan Cave to Dashahe River,
18.VIIL.2004, Z. Zhang leg. Paratypes: 39 P (MHBU): same data as the holotype.

Diagnosis. Yunguirius subterebratus can be distinguished from other species of this
genus as follows: 1) atrium cordiform (fig. 245A in Zhu et al. 2017) in Y. subterebratus,
but inverted trapezoid (Fig. 3A; fig. 53 in Wang et al. 1990) in Y. ornatus, or subround-
ed (Fig. 2A) in Y duoge sp. nov. and (fig. 28 in Peng and Wang 1997) Y. terebratus; and
2) posterior epigynal sclerite longer than wide, waist-drum-shaped (fig. 245A in Zhu
et al. 2017) in Y. subterebratus, but vase-shaped (Fig. 4A) in Y. xiangding sp. nov., or
rectangular (Figs 2A, 3A; fig. 53 in Wang et al. 1990; fig. 28 in Peng and Wang 1997)
in others.

Description. Female: See Zhu et al. (2017) for complete description (fig. 245A, B).

Male. Unknown.

Distribution. Guizhou Province, China (Fig. 5).

Yunguirius terebratus (Peng & Wang, 1997), comb. nov.

Coelotes terebratus Peng & Wang, 1997 in Peng and Wang 1997: 330, figs 27-31; Song
etal. 1999: 378, figs 225M, N, 227E, 228H.
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Draconarius terebratus (Peng & Wang, 1997) in Wang 2003: 551, figs 63A-E, 96G, H;
Yin et al. 2012: 1015, fig. 525a—f; Zhu et al. 2017: 387, fig. 252A-E; Jiang, Chen
and Zhang 2018: 77, figs 12A, B, 26K.

Type material (not examined). Holotype © (HNNU): CuiNa: Hunan Province:
Zhangjiajie City: Sangzhi County, Tianpingshan Mountain, 16.X.1986, J. Wang leg.
Paratype: 14 (HNNU): same data as the holotype.

Diagnosis. Yunguirius terebratus can be distinguished from other species of this
genus as follows: 1) atrium subrounded (fig. 28 in Peng and Wang 1997; fig. 252A in
Zhu et al. 2017) in Y. terebratus, but inverted trapezoid (Fig. 3A; fig. 53 in Wang et al.
1990) in Y. ornatus, or cordiform (fig. 245A in Zhu et al. 2017) in Y. subterebratus and
Y. xiangding sp. nov. (Fig. 4A); 2) posterior epigynal sclerite rectangular (fig. 28 in Peng
and Wang 1997; fig. 252A in Zhu et al. 2017), but waist-drum-shaped (fig. 245A in
Zhu et al. 2017) in Y. subterebratus, or vase-shaped (Fig. 4A) in Y. xiangding sp. nov.;
3) embolic base with a round apophysis (fig. 31 in Peng and Wang 1997; fig. 252E in
Zhu et al. 2017), while subapically with a dentiform apophysis (fig. 30 in Peng and
Wang 1997; fig. 252C in Zhu et al. 2017) in Y. terebratus, but absent in Y. ornatus;
and 4) lower branch of conductor falcate and bent ventrally, longer than the length of
the upper one (fig. 252D in Zhu et al. 2017) in Y. terebratus, but lamellar, fluted, and
pointed, shorter than the length of the upper one (fig. 2 in Zhang 1993; fig. 200D in
Zhu et al. 2017) in Y. ornatus.

Description. Male. See Peng and Wang (1997 figs 30, 31) and Zhu et al. (2017
fig. 252C, D) for complete description.

Female: (fig. 27 in Peng and Wang 1997). Carapace gourd-shaped, longer than
abdomen. Abdomen oblong. Epigyne (figs 28, 29 in Peng and Wang 1997; fig. 252A,
B in Zhu et al. 2017): epigynal teeth absent, posterior epigynal sclerite rectangular,
fold triangular, hood large, c. 2 times larger than the size of its fold; spermathecal head
long, twisted and sigmoid in the middle. For further details, see Peng and Wang (1997)
and Zhu et al. (2017).

Distribution. Hunan Province, China (Fig. 5).

Yunguirius xiangding B. Li, Zhao & S. Li, sp. nov.
https://zoobank.org/6AD39BEA-5092-45C4-8159-A62F88866643
Figs 4, 5

Type material. Holotype @ (IZCAS-Ar44408): Cuina: Sichuan Province: Luzhou
City: Gulin County, Shiping Township, Xiangding Village, Huaer Cave, 28.0294°N,
106.0073°E, elevation: 641 m, 22.1V.2014, Y. Lin, H. Zhao, Y. Li, J. Wu and E Li leg.

Etymology. The new species is named after the type locality (Xiangding Village);
noun in apposition.

Diagnosis. Yunguirius xiangding sp. nov. resembles Y. subterebratus by having a cor-
diform atrium, asymmetric copulatory ducts, arch-shaped spermathecal stalks, fists on
both sides, and the unilateral end of spermathecal head exposed. However, it can be
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Figure 4. Epigyne and female habitus of Yunguirius xiangding sp. nov. A epigyne, ventral B vulva, dorsal
C female habitus, dorsal D same, ventral E same, lateral. Scale bar equal for C—E. Abbreviations: A = atri-
um; CD = copulatory duct; CO = copulatory opening; F = fold; FD = fertilization duct; H = hood; PES =
posterior epigynal sclerite; S = spermatheca; SB = spermathecal base; SH = spermathecal head; St = stalk.
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Figure 5. Distribution records of species of Yunguirius gen. nov. in China 1 Y. duoge sp. nov. 2 Y. ornatus
3 Y. subterebratus 4 Y. terebratus 5 Y. xiangding sp. nov.

distinguished from Y. subterebratus as follows: 1) crevice breaking at lateral margin of the
atrium, below its hoods (Fig. 4A) in Y. xiangding sp. nov., but at anterior margin of the
atrium, above its hoods (fig. 245A in Zhu et al. 2017) in Y. subterebratus; 2) the mid part
of anterior margin of the atrium raised (Fig. 4A) in Y. xiangding sp. nov., but concave
(fig. 245A in Zhu etal. 2017) in Y. subterebratus; 3) posterior epigynal sclerite vase-shaped
(Fig. 4A) in Y. xiangding sp. nov., but waist-drum-shaped (fig. 245A in Zhu et al. 2017)
in ¥ subterebratus; and 4) spermathecal stalks extending laterally (Fig. 4B) in Y. xiangding
sp. nov., but extending anteriorly (fig. 245B in Zhu et al. 2017) in Y. subterebratus.
Description. Female (holotype) (Fig. 4). Body length 13.29. Carapace 6.21 long,
4.22 wide. Abdomen 7.08 long, 5.02 wide. Eye sizes and interdistances: AME: 0.14,
ALE: 0.17, PME: 0.15, PLE: 0.16; AME-AME: 0.08; AME-ALE: 0.12; AME-PME:
0.06; ALE-PLE: 0.05; PME-PME: 0.07; PME-PLE: 0.22. All legs were used for pro-
phase work of DNA extractions. Carapace dark brown, anterior black; fovea and radial
grooves dark; chelicerae black, with three promarginal and two retromarginal teeth;
endites and labium dark brown to black, anterior white with several hairs; sternum
brownish, lateral brown, c. 1.2 times longer than wide. Abdomen yellowish-brown,
nearly oval, posterior widest, with four dark chevrons and dark brown speckles. Epigyne
(Fig. 4A, B): posterior epigynal sclerite vase-shaped, atrium cordiform, anterior widest,
with sclerotic lateral margin, inside with inverted triangle osteon, outside with brown-
ish markings, fold brown, ridge-shaped, close to the deep hood; copulatory opening
small, located anteriorly, near the midline, and symmetric; copulatory duct beloid,
and then swollen; first half of spermatheca dumbbell-shaped, long spermathecal head
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wrapped in copulatory duct, with unilateral end exposed; fertilization duct c. 3.5 times
longer than wide, pointed laterally.

Male. Unknown.

Distribution. Sichuan Province, China (Fig. 5).
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Abstract

Currently, the genus Arctia Schrank, 1802 includes approximately 16 species in the Palaearctic region,
depending on the taxonomic interpretation. Here, populations of the Arctia villica (Linnaeus, 1758) mor-
phospecies complex were studied from Europe to the Middle East (Turkey, northern Iran) by molecular
methods. Morphological treatment has traditionally revealed the presence of five nominal taxa: A. villica
(Linnaeus, 1758), A. angelica (Boisduval, 1829), A. konewkaii (Freyer, 1831), A. marchandi de Freina,
1983, and A. confluens Romanoff, 1884. The molecular approach tests whether they represent well-de-
limited species. Subsequently, this study corroborates the suitability of the mitochondrial cytochrome ¢
oxidase subunit 1 (COI) marker sequence for species delimitation. In total, 55 barcodes of the Arctia vil-
lica complex were compared, and two molecular species delimitation algorithms were applied to reveal the
potential Molecular Operational Taxonomic Units (MOTUs), namely the distance-based Barcode Index
Number (BIN) System, and the hierarchical clustering algorithm based on a pairwise genetic distances ap-
proach using the Assemble Species by Automatic Partitioning (ASAP). The applied ASAP distance-based
species delimitation method for the analysed dataset revealed an interspecific threshold of 2.0-3.5% K2P

Copyright Antonio S. Ortiz et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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distance as suitable for species identification purposes of the Iberian A. angelica and the Sicilian A. kone-
whkaii and less than 2% for the three taxa of the A. villica clade: A. villica, A. confluens, and A. marchandi.
This study contributes to a better understanding of the taxonomy of the genus Arczia and challenges
future revision of this genus in Turkey, the Caucasus, Transcaucasia as well as northern Iran using standard
molecular markers.

Keywords
Aretia, COI, DNA barcoding, Europe, species delimitation, western Asia

Introduction

The European fauna of Arctiinae moths (Erebidae) is particularly well-known compris-
ing 113 species (Witt and Ronkay 2011), although some genera still require revision
in terms of their composition and the taxonomic status of some species (e.g., Setina
Schrank, 1802, Eilema Hiibner, [1819], Ocnogyna Lederer, 1853, etc). Traditionally, the
genus Arctia Schrank, 1802 was considered to include six or seven species in the West
Palearctic region and ten species in the East Palearctic region divided into different spe-
cies groups (Arctia Schrank, 1802, Epicallia Hiibner, [1820], Eucharia Hiibner [1820],
and Pericallia Hiibner, [1820]), depending on the taxonomic interpretation of the sta-
tus for a number of taxa (de Freina and Witt 1987; Murzin 2003; Witt et al. 2011).

More recently, the use of eight molecular markers coupled with proper analyti-
cal algorithms (Maximum Likelihood and Bayesian Inference) has postulated a much
more comprehensive view of the genus Arctia and closely related genera, including
Acerbia Sotavalta, 1863, Ammobiota Wallengren, 1885, Atlantarctia Dubatolov, 1990,
Borearctia Dubatolov, 1884, Epicallia, Eucharia, Hyphoraia Hiibner, [1820], Pararctia
Sotavalta, 1965, Parasemia Hiibner, [1820], and Pericallia as synonyms or potential
subgenera (Ronki et al. 2016). Thus, the total number of species within the genus
has significantly increased. Some of these Arctia species, such as Arctia caja (Linnaeus,
1758), A. festiva (Hufnagel, 1766), A. flavia (Fuessly, 1779), and A. villica have a
broad distribution from Europe to the Siberian mountains and steppes with several
geographical subspecies and forms.

Following the current view, Arctia villica is an extremely variable species in body
size, coloration, wing pattern, and size of spots including the so far considered subspe-
cies A. v. villica s.str., A. v. angelica (Boisduval, 1829), A. v. konewkaii (Freyer, 1831),
A. v. confluens Romanoft, 1884 and A. v. marchandi de Freina, 1983 (Murzin 2003;
Witt and Ronkay 2011). Murzin (2003) and Witt and Ronkay (2011) considered
A. villica as having a West Palearctic distribution, occurring in the central and southern
parts of Europe, from N'W Africa and the Iberian Peninsula to Asia Minor, the Cau-
casus range and Transcaucasia, northern Iran and along the steppe belt to SW Siberia.

In the revisions of the Arctia villica complex, de Freina and Nardelli (2007) and de
Freina (2011) studied the nomenclature and systematics based on a large number of
specimens from across their distribution range and concluded that all of its subspecies
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should be considered as species. Arctia villica s. str. has a wide distribution from central
and southern Europe to the Caucasus and west Siberia, A. angelica is restricted in the
Iberian Peninsula and North Africa, A. konewkaii is endemic to Sicily, and A. marchan-
di and A. confluens are distributed from Transcaucasia and adjacent areas such as east-
ern Turkey, northern Syria, Iraq, and northern Iran to Central Asia. In the mentioned
works, taxonomy and systematics based on external appearance and genital structures
were reviewed, including eleven COI sequences from Caucasian and trans-Caucasian
specimens of A. villica. Subsequently, Kizildag et al. (2019) examined the taxonomic
status of A. marchandi in southeastern Turkey. Their note, dealing with some barcodes
of A. villica and A. marchandi, suggested subspecific status for A. marchandi, although
the sequences were not published in GenBank or BOLD for their evaluation in later
studies, which precludes any further comments.

The study of the morphological features and genitalia structures provides valuable
criteria for species recognition according to de Freina and Nardelli (2007), de Freina
(2011), and others. The recent integration of morphological and DNA-based ap-
proaches has proven to be a most effective way to advance species discovery and deline-
ation (e.g., Lumley and Sperling 2010; Padial and De La Riva 2010; Schlick-Steiner et
al. 2010), as well as to assist in detecting previously cryptic species (e.g., Hebert et al.
2004; Huemer and Hausmann 2009; Hausmann and Huemer 2011; Mutanen et al.
2012). Integration of molecular methods with morphological analyses may accelerate
biodiversity inventories and corroborate the status of doubtful taxa (Smith et al. 2009).

In this paper, we present new insights from DNA barcodes of material collected along
the geographical distribution of the different taxa of Arctia villica complex to be added to
the previous morphological studies in order to substantiate their taxonomic range.

Materials and methods

Abbreviations of specimen repositories

MWM Museum WITT, Miinchen (in ZSM);
RCBA-UMU Research Collection of Biologia Animal, Universidad de Murcia;
ZSM Zoologische Staatssammlung Miinchen (SNSB).

Morphological study

This study is based on the results of the morphological study of a large amount of col-
lected material deposited in the ZSM and MWM museums, developed by de Freina
and Nardelli (2007) and de Freina (2011). New material was added and 115 adult
specimens of the Arctia villica complex (Fig. 1) were examined externally to evalu-
ate possible differences in their colouration, spot size, and wing shape based on the
taxonomic keys provided by de Freina and Nardelli (2007), Ylla et al. (2010), de
Freina (2011) and Witt and Ronkay (2011), and were dissected using the standard
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Figure 1. Distribution of Arctia samples sequenced. Note that each point may represent more than one

specimen. The map was created using www.simplemappr.net.

procedure (Fibiger 1997) with minor modifications. Adult images were taken with a
Nikon D70 digital camera and were z-stacked using Zerene software. Genital struc-
tures were examined using a Zeiss Stemi 508 stereomicroscope with a Zeiss Axio-
cam ICc5 digital camera and were compared with those published by de Freina and
Nardelli (2007), de Freina (2011), and Witt and Ronkay (2011). Specimens were de-
posited in RCBA-UMU, in the Department of Zoology and Physical Anthropology
of the University of Murcia (Spain), and in the Bavarian State Collection of Zoology
in the ZSM (Germany).

Molecular study

Thirty-four adult specimens of the Arctia villica complex were processed and sequenced
at the Canadian Centre for DNA Barcoding (CCDB, Guelph) to obtain DNA bar-
codes using the standard high-throughput protocol described by deWaard et al. (2008),
which can be accessed at www.dnabarcoding.ca/pa/ge/research/protocols. The study
was completed with publicly available sequences downloaded from The Barcode of
Life (BOLD: www.boldsystem.org) (Ratnasingham and Hebert 2007). Ultimately, the
analysis involved 55 Arctia villica sensu lato COI sequences from Europe and coun-
tries around the Caucasus, with more than 500 bp for calculations and tree construc-
tions (Table 1). Voucher data, GPS coordinates, images, sequences, GenBank accession
numbers, and trace files are publicly available through the public data set (https://doi.
org/10.5883/DS-VILLICA) in BOLD.

Sequence divergences for the barcode region were calculated using the Kimura
2-parameter (K2P) model (Kimura 1980) and the degrees of interspecific genetic vari-
ation were calculated using the analytical tools of BOLD. All the new and public
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Table I. Taxon names, old (BIN1) and present BINs (BIN2), BOLD accession numbers for the specimens
used in distance estimations (Process ID), haplotype, and locality information (Country and Territory).

Taxon BIN1 BIN2 Process ID Haplotype Country Territory
Arctia villica ACP7520  AAC8627  ABOLA146-14 1 Austria Kaernten
ACP7520  AAC8627  ABOLCO051-16 1 Austria Niederdesterreich
ACP7520  AAC8627  ABOLD441-16 1 Austria Niederdesterreich
ACP7520  AAC8627  FBLMZ558-12 1 Germany Bavaria
ACP7520  AAC8627  GWOSI563-10 1 Germany Bavaria
ACP7520  AAC8627  IBLAO1063-14 1 Hungary Bacs-Kiskun
ACP7520  AAC8627 NOENO403-17 1 Austria Niederoesterreich
ACP7520  AAC8627  LEASW136-19 2 Greece Peloponnese
Arctia marchandi ~ ACP7520  AAC8627  VNMBG685-08 3 Syria Aleppo
AAC8627  AAC8627  IBLAO1080-14 4 Turkey Hakkari
AAC8627  AAC8627  VNMBG690-08 4 Turkey Hakkari
AAC8627  AAC8627  VNMBG689-08 5 Turkey Hakkari
Arctia villica ACP7477  AAC8627  CGUKD205-09 6 U. Kingdom Devon
ACP7477  AAC8627 CGUKD277-09 6 U. Kingdom Norfolk
Arctia angelica ACP7477 ~ AAC8627  IBLAO1060-14 6 Spain Castilla-Le6n
ACP7477  AAC8627  IBLAO1061-14 6 Spain Castilla-Leén
Arctia villica ACP7477 ~ AAC8627  IBLAO1073-14 6 Spain Catalufia
ACP7477  AAC8627  IBLAO1124-14 6 Spain Aragon
ACP7477  AAC8627  IBLAO1125-14 6 Spain Asturias
ACP7477  AAC8627  IBLAO1126-14 6 Spain Asturias
ACP7477  AAC8627  IBLAO951-14 6 Spain Aragén
ACP7477  AAC8627 IBLAO952-14 6 Spain Aragén
ACP7477  AAC8627  LEATCG649-13 6 Ttaly Siidtirol
ACP7477 AAC8627 GWORZI116-10 7 Ttaly Basilicata
ACP7477  AAC8627 IBLAO553-12 8 Spain Catalufa
ACP7477  AAC8627  PHLAC475-10 9 Ttaly Siidtirol
ACP7477  AAC8627  VNMBG688-08 10 Turkey Kars
Arctia confluens ACP7477  AAC8627  IBLAO1077-14 11 Azerbaijan Masally
ACP7477 AAC8627  IBLAO1078-14 11 Azerbaijan Lerik
ACP7477  AAC8627  VNMB686-08 11 Russia Dagestan
ACP7477  AAC8627  IBLAO1082-14 12 Russia Dagestan
ACP7477 AAC8627  IBLAO1081-14 13 Russia Dagestan
ACP7477  AAC8627  IBLAO1083-14 14 Russia Dagestan
ACP7477  AAC8627 VNMB687-08 15 Kyrgyzstan Namagan
ACP8428  AAC8627  IBLAO1064-14 16 Iran Zanjan
Arctia angelica ABY6789 ABY6789  GBMIN80080-17 17 n/a n/a
ABY6789  ABY6789  IBLAOI1068-14 17 Spain Andalusia
ABY6789 ABY6789 IBLAO1069-14 17 Spain Andalusia
ABY6789  ABY6789  IBLAO1070-14 17 Spain Andalusia
ABY6789 ABY6789 IBLAO1246-20 17 Spain Andalusia
ABY6789 ABY6789 IBLAO733-12 17 Spain Andalusia
ABY6789  ABY6789 IBLAO734-12 17 Spain Andalusia
ABY6789 ABY6789 IBLAO1067-14 18 Spain Andalusia
ABY6789  ABY6789  IBLAO1071-14 18 Spain Castilla-La Mancha
ABY6789  ABY6789  IBLAO1107-14 18 Spain Castilla-La Mancha
ABY6789  ABY6789  IBLAOI1127-14 18 Spain Castilla-La Mancha
ABY6789  ABY6789  IBLAO1128-14 18 Spain Castilla-La Mancha
ABY6789 ABY6789  IBLAO1058-14 19 Morocco Marrakech-Tensift-Al Hauz
ABY6789 ABY6789  IBLAO1059-14 19 Morocco Marrakech-Tensift-Al Hauz
Arctia konewkaii ACL5457  ACL5457 GBMIN80081-17 20 Ttaly Sicily
ACL5457  ACL5457  IBLAO1074-14 21 Ttaly Sicily
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Taxon BIN1 BIN2 Process ID Haplotype Country Territory
Arctia konewkaii ACL5457  ACL5457  IBLAO1076-14 21 Ttaly Sicily
ACL5457  ACL5457  IBLAO1188-19 21 Ttaly Sicily
ACL5457  ACL5457  IBLAO1075-14 22 Ttaly Sicily
Arctia confluens AAC8628  AAC8628  VNMBG693-08 23 Iran Mazandaran
Arctia caja AAA8530 IBLAO551-12 Spain Catalonia
Arctia festiva ABW9262  IBLAO1091-14 Spain La Rioja
Arctia flavia AAV9830  ABOLA435-14 Austria NordTirol
Arctia lapponica ACF2201 LON720-09 Norway Sor-Varanger

species sequences were downloaded and aligned with the CLUSTAL algorithm of the
MEGAG software (Tamura et al. 2013). Bootstrap values were calculated with 1000
replicates, and initial Neighbour-Joining (NJ) and Maximum Likelihood (ML) trees
based on distance were constructed with the MEGAG software. A phylogenetic hy-
pothesis with Maximum Likelihood as an optimality criterion was generated using
IQ-TREEv. 1.6.12 (Nguyen et al. 2015). An alignment of 658 bps for 59 samples was
partitioned into codon positions with ModelFinder software (Kalyaanamoorthy et al.
2017) and the codon position was modelled with GTR+FE. Support values were calcu-
lated by 1,000 replications of both ultrafast bootstraps (UFBoot; Hogan et al. 2017)
and Shimodaira-Hasegawa-like approximate likelihood ratio test (SH-aLRT; Guindon
etal. 2010), as well as approximate Bayes branch test (aBayes; Anisimova et al. 2011).
We selected Arctia flavia, A. caja, A. festiva and A. lapponica (Thunberg, 1791) which
are taxonomically related to A. villica in the subtribe Arctiina, as outgroups to root the
tree (Table 1). To assess the COI divergences between the taxa in the A. villica spe-
cies complex and the other Arctia species from Europe, we included all sites with the
pairwise deletion option. The number of haplotypes was calculated with DnaSP 5.10
software (Rozas et al. 2003).

To elucidate the taxonomic status of some of the A. villica species complex studied,
two molecular species delimitation methods were applied to reveal the potential Mo-
lecular Operational Taxonomic Units (MOTUs) that could represent putative cryptic
species. The two methods were distance-based: Barcode Index Number (BIN) System
(Ratnasingham and Hebert 2013), and the hierarchical clustering algorithm that only
considers a pairwise genetic distances approach using the Assemble Species by Auto-
matic Partitioning (ASAP) (Puillandre et al. 2021).

The BIN method (Ratnasingham and Hebert 2013) is implemented as part of the
Barcode of Life Data system (BOLD; Ratnasingham and Hebert 2007). Newly sub-
mitted sequences are compared together with sequences already available in BOLD.
Sequences are clustered according to their molecular divergence using algorithms that
aim at finding discontinuities between clusters and each cluster is assigned a globally
unique and specific identifier Barcode Index Number (BIN) registered in BOLD.

The ASAP method (Puillandre et al. 2021) build species partitions from single
locus sequence alignments (i.e., barcode data sets). Grounded in evolutionary theory,
ASAP is the implementation of a hierarchical clustering algorithm that uses pairwise
genetic distances, avoiding the computational burden of phylogenetic reconstruction
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and proposing species partitions by neglecting the use of biological a priori insight
of intraspecific diversity. This method has greater potential than the other programs
assessed, for instance the barcode-gap approach Automatic Barcode Gap Discovery
(ABGD) (Puillandre et al. 2012), the General Mixed Yule-Coalescent model (GMYC)
(Pons et al. 2006) and the Poisson Tree Process (PTP) (Zhang et al. 2013), both first
developed in a Maximum Likelihood framework, and later extended to a Bayesian
framework (Reid and Carstens 2012) according to Puillandre et al. (2021).

Results

Molecular analysis

In the dataset composed of 59 sequences, 55 specimens of the A. villica complex were
sequenced or their conspecific sequences were acquired from the databases (BOLD)
to analyse taxonomic identity and geographical species grouping, obtaining more than
572 bp for the barcode region (48 of them with 658 bp). In total, 23 different haplo-
types were found in the 55 barcode sequences analysed of the five lineages of A. villica
species complex ranging from eleven haplotypes in A. villica to three in A. march-
andi (Table 1). The overall haplotype diversity (Hd) was 0.922+0.02 in 56 polymor-
phic sites and nucleotide diversity per site (Pi) was 0.01679. Nucleotide composition
showed a A+T of 68.8%. No insertions or deletions were found.

Neighbour-Joining (NJ) and Maximum Likelihood (ML) trees of COI barcode
region generated using MEGA software recovered the same topology and were prac-
tically identical, and all haplotypes could be unequivocally assigned to one of the
eight major clades (Table 1). A phylogenetic hypothesis with ML as an optimality
criterion was generated using IQ-TREE software and the topology obtained was
chosen as the basis for our discussion with branch support values (Fig. 2). The mono-
phyly of the A. villica species complex was recovered by all those methods and was
corroborated with the inclusion of A. flavia, A. caja, A. festiva, and A. lapponica as
outgroups to root the tree.

Three well-supported clades (bootstrap values higher than 70%) were found and
were thereafter treated as three MOTUs considered as species, namely A. villica, A. an-
gelica, and A. konewkaii. The divergence between these three groups varies between
2.4% and 3.5% (mean 2.8%; Table 2). The highest interspecific value was found be-
tween A. villica and A. konewkaii (3.5%) and between A. angelica and A. konewkaii
(3.1%), whereas the lowest one was found between A. villica and A. angelica (2.4%).
The total number of nucleotide substitutions between species is 56 variable sites
(Table 2; a complete similarity matrix can be accessed in Suppl. material 1).

The A. villica clade shows five different sub-clades with genetic differences of less
than 2% among them including the clade 1 sequences from Northern Spain, Italy, and
the United Kingdom (15 samples with 6 haplotypes); the clade 2, with samples from
Germany, Austria, and Hungary (7 samples with 1 haplotype); another clade with
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Figure 2. Maximum Likelihood tree of Arctia species, obtained from 59 nucleotide COI sequences.
Bootstrap values > 50% are provided at major nodes. Old and new BINs are indicated for each node.
ASAP species delimitation result is indicated by vertical and coloured bars.

Table 2. Interspecific mean K2P (Kimura 2-Parameter) divergences (mean pairwise distances) based on
the analysis of COI fragments (> 500 bp) among Arctia species.

A. angelica A. confluens A. konewkaii A. marchandi A. villica01
A. confluens 2.7
A. konewkaii 3.2 3.5
A. marchandi 2.2 1.8 2.7
A. villicaO1 2.4 1.9 3.3 1.3
A. villica02 2.4 1.5 3.0 1.4 1.5

samples from Russia, Kyrgyzstan, and Azerbaijan (7 samples with 6 haplotypes); the
Turkey clade (3 samples with 2 haplotypes); and the one from Syria (1 sample with
one haplotype). West and Central European specimens initially identified as A. villlica
clades 1 and 2 differed up to 1.5% while A. villica clade 2 from Central Europe differed
at 1.5% and 1.4% from A. confluens and A. marchandi, respectively (Table 2). Initially,
the samples from Russia, Kyrgyzstan, and Azerbaijan were identified as A. confluens,
and specimens from Turkey as A. marchandi, between which a difference of 1.8% was
found. The highest interspecific values were found between both clades of A. villica
and A. marchandi (1.8%) and A. confluens (1.5%), whereas the lowest one was found
between both clades of A. villica and A. marchandi (1.4% and 1.3%) (Table 2). One
specimen from Iran (IBLAO1064-14) identified as A. confluens differed up to 1.5%
from the other subgroups.
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Delimitation of species

The mean K2P values between the morphologically determined species were used to
study species delimitation using two different methods. The BIN System is an online
framework that clusters barcode sequences algorithmically and is recalculated from
time to time as the number of sequences of each species increases.

All the COI sequences from the five lineages were uploaded and examined into the
Barcode of Life Data System (BOLD), resulting in four BINs (AAC8627, ABY6789,
ACL5457, and AACB8628) (n = 55 segs; 23 COI haplotypes). The BIN AAC8627
was attributed to 35 sequences (15 COI haplotypes: 577-658 bp) from different con-
tinuous localities along Europe, from Spain and the United Kingdom, to Asia Minor,
Caucasus, and Iran; ABY6789 was associated with 14 sequences, and three COI hap-
lotypes (658 bp) located in the southern half of the Iberian Peninsula and Morocco;
ACL5457 is unique from Sicily, with five sequences and three haplotypes (658 bp); and
AACB8628 for one specimen identified as A. confluens (Table 1; field BIN2; Fig. 2). In
previous recalculations, six different BINs were related to the five species with singles
BIN for A. angelica (ABYG6789), A. konewkaii (ACL5457), A. marchandi (AAC8627),
two BINs for A. villica (ACP7520 and ACP7477) and three BINs for A. confluens
(ACP7477, ACP8428, and AAC8628) sharing BIN ACP7477 with the A. villica clade
2 (Table 1; field BIN1; Fig. 2). This variation in the BIN values, suggesting the pres-
ence of different species with unique and specific identifier BIN within the studied
Arctia villica complex, should be updated with the results of this study.

ASAP method was performed on the data set of 54 sequences, representing all
specimens sequenced. For the ASAP analysis, the sequence of a specimen identified as
A. confluens from Iran (VNMBG693-08; BIN: AAC8628) was excluded from further
analysis because of the doubtful sequence that separates it from the rest of the groups.
The analysis resulted in partitioning all COI sequences into eight MOTUs (hypotheti-
cal species) corresponding to five main lineages: A. angelica, A. konewkaii, A. villica (2
groups), A. marchandi (2 groups, one of them with only one barcode), and A. confluens
(2 groups, one of them with only one barcode). ASAP score 2.5 was the smallest within
the range of genetic distances and was calculated as the average among two values:
the fourth largest p-value (0.255) and the smallest rank of relative barcode gap width
(1.22¢-04). The value of probability (p-value) quantifies the chances that each of its
new groups represents a single species, and the rank calculates the width of the barcode
gap between the previous and this new partition. Both metrics are combined into a
single ASAP-score that is used to rank the partitions (see Puillandre et al. 2021). The
graphical output shows each node of the hierarchical clustering with the same prob-
ability of being a panmictic species (p > 0.1) (Fig. 2).

The two methods used for species delimitation are congruent in recognizing the
five main lineages as distinct from any other species studied. The exception are the
specimens identified as A. confluens, since they are related to two different BINs:
specimens collected from Iran with BIN AAC8628 and the general A. villica BIN
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AACS8627 including specimens from Caucasus and Syria. This high genetic variation
needs to be further investigated with additional samples, particularly from Turkey,
Caucasus, and Transcaucasia.

Discussion

Morphological and ecological traits

The contemporary species definitions and the properties upon which they are based
were presented and discussed by e.g., de Queiroz (2007). Among them, biological,
ecological, evolutionary, phylogenetic, phenotypic, and genotypic were noted as al-
ternative species concepts, and a “Unified Species Concept” was presented by treating
the species exists as a separately evolving metapopulation lineage and the definitions
of species mentioned above as operational criteria for different lines of evidence to as-
sessing lineage separation.

The Arctia villica complex is a species group with high morphological and colour
variability, characterized by the extensive black forewing background with small, well-
defined, and rather distinct white patches partly or fully fused, but do not show clearly
distinctive differences in the genitalia except in the slight variation of the aedeagus
angle, although within each of the species, there is a wide range of variation of the
characters with singular overlaps between the peripheric populations where introgres-
sion processes probably appear.

In this group of species, wing morphology, zoogeographical distribution, and ma-
ternal mitochondrial DNA (barcoding) are properties of lineage separation. Analysis of
extensive samples of European and Asian populations of the Arctia villica species com-
plex based on morphological features and zoogeographical and biological information
revealed the presence of five species, including different forms and varieties, named
A. villica, A. angelica, A. konewkaii, A. marchandi, and A. confluens (de Freina and
Nardelli 2007; de Freina 2011). Subsequently, Witt and Ronkay (2011) considered
that their distinctive differences in morphology fit well into the range of variation of
their characters and all the taxa were considered at subspecific taxonomic rank.

Nevertheless, de Freina and Nardelli (2007) noted that the genital morphology
of the entire A. villica group is strikingly uniform in both sexes with an insignificant
individual variability that is not relevant for the systematics and without signs of re-
gionally deviating structures that could indicate existing subspecies or development
processes leading to such. The absence of notable differences in the male and female
genitalia, which is the basic feature of the biological species concept for interbreeding,
reproductive isolation, and specific mate recognition or fertilization system does not
constitute evidence contradicting a hypothesis of lineage separation since the lineage
simply may not yet have evolved that properties, as might be expected if they are still
in the divergence process, or do not need them because recognition among sexes is due
to chemical mechanisms. There are many other such examples in the Noctuoidea (e.g.,
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several species complexes in the genera Euxoa Hiibner, [1821], Agrotis Ochsenheimer,
1816, Cucullia Schrank, 1802, Apamea Ochsenheimer, 1816, and so on).

Although the main criterion to separate Lepidoptera species is genital morphol-
ogy, other pre- and post-reproductive isolation mechanisms must be considered that
prevent the forthcoming of fertile offspring, even though mating may occur (e.g., Yela
2002). De Freina and Nardelli (2007) performed mating experiments between A. vil-
lica and A. konewkaii, from which a F1 was obtained without a fertile F2, suggest-
ing that the reproductive barrier could be related to the pheromone chemistry and
not to the genital structure. In the only case where mating was achieved between F2
specimens, the female spawned sterile eggs. The presence in nature of hybrid specimens
with morphological characteristics of the male and barcoding of the female has been
detected in the area where the populations of A. villica and A. angelica overlap in the
Iberian Peninsula (Table 1; IBLAO1060-14 and IBLAO1061-14).

BIN discrepancies and species

Detailed morphological, ecological, and genetic analysis can discriminate closely re-
lated species that show slight sequence divergence from their nearest neighbour.
Molecular analyses enable initial biodiversity evaluation in such taxa, but there is no
objective way to select the algorithm or input parameters that best recover actual spe-
cies boundaries. In different groups of invertebrate taxa, a sequence divergence in the
barcode region lower than 2% often corresponds to intraspecific differences, while
higher values are typical of interspecific variation and recognized as distinct MOTUs
(Hausmann et al. 2011). However, the divergence between young sister species may
fall below the 2% threshold, while unusually variable species may exceed it. This is an
immediate consequence of the gradual process of speciation, and nominal species do
not always correspond to the same divergence stage.

The discrimination of divergences involving these young species requires more al-
gorithmic finesse, and the selection of an effective algorithm for MOTU recognition
is necessary. In our study, BIN and ASAP methods were selected to analyse the Arctia
villica complex sequences.

The Barcode Index Number (BIN) system is a persistent registry for animal MO-
TUs recognized through sequence variation in the barcode region. The BIN pipeline
analyzes new sequence data for the barcode region as they are uploaded to BOLD,
and BIN metadata are dynamic because key elements of specimen records on BOLD,
especially taxonomic assignments, are frequently revised by data providers and because
of the high flow of new records (Ratnasingham and Hebert 2013).

In 2017, BOLD calculated seven different BINS for the five species with singleton
BINGs for A. angelica, A. konewkaii, and A. marchandi, two for A. villica and three for
A. confluens. Currently, four BINs have been calculated clearly differentiating A. kone-
whkaii and A. angelica, while A. villica formed a group that includes A. villica, A. march-
andi, and A. confluens. This variation in the BIN values suggests the presence of different
species with unique and specific identifiers within the studied Arctia villica complex.
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This case of discordance between BIN assignments and the Arctia villica species tax-
onomy proposed can reflect the inability of sequence variation at COI to diagnose species
because of introgression or their young age. These “merged species” have diagnostic nu-
cleotide substitutions in the barcode region that can be correlated with the morphological
or ecological traits used in species diagnosis. BIN sharing can be made when algorithms
used as ABGD (Automatic Barcode Gap Discovery, Puillandre et al. 2012), CROP
(Clustering 16S rRNA for OTU Prediction; Hao et al. 2011), RESL (Refined Single
Linkage; Ratnasingham and Hebert 2013), GMCY (Generalized Mixed Yule Coalescent;
Fujisawa and Barraclough 2013), and jMOTU (Java Program to define MOTU; Jones et
al. 2011) fail to partition very young species because of their limited sequence divergence
that cannot be separated completely (Ratnasingham and Hebert 2013).

Dellicour and Flot (2018) noted that some methods generally perform well and
mostly congruently providing similar species partitions inferred from independent
data as other molecular markers, morphological data, or ecological data although they
perform poorly when the number of sampled individuals per species or intra- versus
interspecific divergences is too low (see Ahrens et al. 2016). Increased sample size and
taxonomic and geographic coverage are critical to recognizing species boundaries from
barcode sequence information, in addition to other species characteristics.

Integration of molecular and morphological data

Concerning the species delimitation analyses, Puillandre et al. (2021) assessed ASAP
power along with three other programs (ABGD, PTP, and GMYC) on real COI bar-
code data sets noticing the ASAP potential to become a relevant tool to test the hy-
pothesis in an integrative taxonomy process. ASAP identifies a species partition ranked
with different scores that must be subsequently tested against other evidence in an
integrative taxonomy framework, especially when a single-locus data is used.

The ASAP procedure of the barcoding data obtained in our study indicates the ex-
istence of five Arctia species within the formerly known Arctia villica subspecies distrib-
uted from the Iberia Peninsula to the areas around Transcaucasia and Iran. Two well-
supported and reciprocally monophyletic groups were found in the Iberian Peninsula,
A. angelica, and Sicily, A. konewkaii. The other group was made up by sequences of
the polymorphic A. villica within two clusters which show notable sequence variability
as expected from its wide geographic distribution across many European and Asian
localities. These two groups represent two A. villica populations related to both species
A. marchandi and A. confluens, respectively. The A. villica populations (clade 1) from
Austria, Germany, and Hungary were related to the A. marchandi population from
Turkey while one specimen from Syria identified as A. villica is equally related to both
groups. The other A. villica population (clade 2) from Great Britain, Italy, and half of
the Iberian Peninsula was related to the polymorphic A. confluens (Fig. 2). The poly-
morphic A. confluens group has three different BINs in the same area of distribution.

Hence, with the combined evidence from comparative morphological studies and
the DNA barcode results presented above, Arctia species belonging to the villica group
could be considered as metapopulations lineages separately evolving extended through
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time and including connected subpopulations according to the Unified Species Con-
cept and Species Delimitation (de Queiroz, 2007). In our study, these Arctia species
must have evolved separately from other lineages with separated historical biogeo-
graphic processes (Fig. 2).

The current distributions of A. villica species complex is likely to be the result of
multiple range shifts driven by past climatic changes. Cyclic climatic change during
the Pleistocene has caused repeated range shifts in most European taxa, profoundly in-
fluencing the biodiversity of Europe (for reviews, see Hewitt 1996, 1999, 2000, 2004;
Taberlet et al. 1998; Schmitt 2007).

Three peninsular refugia in the south of the continent, Iberia, Italy, and Balkan
harbour high biodiversity and endemism rates due in large part to their long-term en-
vironmental stability, which enables the persistence of palacoendemic taxa (e.g., Jans-
son 2003; Graham et al. 2000). Isolation among refugial populations promotes genetic
and phenotypic differentiation as a result of independent adaptation to local environ-
ments and genetic drift, with consequences for reproductive isolation between discrete
refugial lineages and the creation of hybrid zones where diverged lineages come into
secondary contact (Hewitt 1999).

The major lineage of A. villica may have diversified in four complexes represented by
a widespread group of ancient A. villica from Spain to Russia and three species groups
restricted to known areas in the Iberian Peninsula (A. angelica), Sicily (A. konewkaii), and
around the Caucasus (4. confluens and A. marchandi), showing a pattern that could be
considered evidence for similar ecological preferences or parallel histories for these spe-
cies during the Quaternary. The fact that these four taxa with more restricted distribution
make up separated clades to the broadly distributed A. villica suggests that all clades share
it as their recent common ancestor. This phylogeographic pattern has been suggested for
other Lepidoptera (e.g. those of the genera Polyommatus Latreille, 1804, Erebia Dalman,
1816, Melitaea Fabricius, 1807, Parnassius Latreille, 1804, Chelis Rambur, [1866]), in
which it is postulated a marked role of climatic oscillations during the Pleistocene on
population isolation and differentiation (Haubrich and Schmitt 2007; Albre et al. 2008;
Lenevea et al. 2009; Vila et al. 2010; Todisco et al. 2012; Ortiz et al. 2015).

The apparent absence of a clear lineage sorting between A. villica and A. confluens-
A. marchandi may be due to relatively recent radiation. Preliminary information in
Kizildag et al. (2019) suggested that A. marchandi should be considered at the subspe-
cific level, although the A. confluens-A. marchandi divergence must be further evaluated
when more specimens from all over their distributional ranges have been sequenced.

However, an increasing number of studies indicate that many endemic taxa in-
habiting refugial regions are of Pleistocene origin and formed by allopatric fragmen-
tation. In some cases, they are described as distinct species and, in other cases, these
taxa are considered to be subspecies or lineages within species. The present occurrence
of A. angelica, A. confluens and A. marchandi in the Iberian Peninsula and around the
Caucasus, respectively, showing a sympatric distribution with A. villica, is thought to
be the result of a range expansion of A. villica since the last glaciation events, due to
the high ecological plasticity of this species and the finding of many suitable habitats,
including A. konewkaii in Sicily.
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Additional information from nuclear markers and a greater number of samples
from the Caucasus will be crucial for the resolution of the different questions that are
currently unresolved, such as A. confluens and A. marchand;i intraspecific variability and
whether they can be delimited and recognized as species utilizing integrated taxonomy.
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Abstract

The diving beetle genus Microdytes J. Balfour-Browne, 1946 in Thailand, Laos, and Cambodia is reviewed,
and five new species are described: Microdytes eliasi Wewalka & Okada, sp. nov. (Thailand, Cambodia),
M. jeenthongi Okada & Wewalka, sp. nov. (Thailand), M. maximiliani Wewalka & Okada, sp. nov. (Laos,
China), M. sekaensis Okada & Wewalka, sp. nov. (Thailand, Laos), M. ubonensis Okada & Wewalka,
sp. nov. (Thailand, Laos). Two species are the first country records: M. balkei Wewalka, 1997 (Laos, Cam-
bodia) and M. wewalkai Bian & Ji, 2009 (Laos). For 12 and 8 species, the first provincial records from
Thailand and Laos, respectively, are given. A checklist, a key to the 25 known Microdytes species from these
countries, and habitus images and illustrations of diagnostic characters are provided. Distribution maps of
the recorded species are presented, and species distribution patterns are also briefly discussed.

Keywords

Diving beetles, faunistics, key to species, Southeast Asia, taxonomy, zoogeography

Introduction

The dytiscid genus Microdytes ]. Balfour-Browne, 1946 contains 47 described species
classified in the tribe Hyphydrini of the subfamily Hydroporinae (Nilsson and Hajek

Copyright Ryohei Okada et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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2023). These minute diving beetles (adult length up to 2.3 mm) generally occur in
small seeps, springs, and streams, and a few are also known to inhabit subterranean and
hygropetric environments (Wewalka 1997; Wewalka et al. 2007; Sheth et al. 2020).
Microdytes species occur throughout southern and southeastern Asia from Nepal to
southern India to southern China, southern Japan, Philippines, and Indonesia (Miller
and Wewalka 2010). So far, 16 species were recorded from Thailand, and this country
was regarded as the center of distribution of the genus by Wewalka (1997, 2011).

During 2018-2022, as part of the field survey by the senior author to reveal diver-
sity of Thailand diving beetles, a total of 228 Microdytes specimens were collected from
30 localities. For comparative purposes, we also studied specimens from Thailand,
Laos, and Cambodia, mainly collected as part of the “NHMB Basel, Laos Expeditions”
in 2011 and 2012 (Geiser and Nagel 2013).

In this paper, we describe five new species from Thailand, Laos, and Cambodia,
increasing the number of known Microdytes species to 52. New and first regional re-
cords from those countries are also given. A checklist and a key to all Microdytes species
known from these countries are provided. To facilitate the identification of the species,
photographs of habitus and discriminant characters are provided for the first time.
Distribution maps of the recorded Microdytes species are also presented, and their dis-
tribution patterns and microhabitat preferences are briefly discussed.

Materials and methods

The study was based on the examination of 695 specimens: 241 from Thailand, 420
from Laos, and 34 from Cambodia. These specimens are deposited in the following
institutions and private collections:

CGW Collection Giinther Wewalka, Vienna, Austria;

CRO Collection Ryohei Okada, Tokyo, Japan;

MNHN  Muséum National d’Histoire Naturelle, Paris, France;

NMB Naturhistorisches Museum, Basel, Switzerland;

NMP National Museum (Natural History), Prague, Czech Republic;
NMW Naturhistorisches Museum Wien, Vienna, Austria;

THNHM Thailand Natural History Museum, Pathum Thani, Thailand.

Beetles were pin mounted on square or triangular card points. Male genitalia were
dissected, then put on cards for detailed observation. The holotypes, paratypes, and
lectotype of the closely related species were examined. Specimens from Myanmar were
also used for comparisons.

The beetles were studied with an Olympus SZX10 compound microscope equipped
with Nomarsky optics up to 1000x. Habitus photographs were taken using a Canon EOS
7D Mark II digital camera with attached Canon MP-E65 mm /2.8 macro lens with 5:1
optics. Male genitalia were illustrated wet, using an Olympus BHT transmitted light
microscope with a RICOH GX6 attachment. Composite images were created using the
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image stacking software Helicon Focus (Helicon Soft Ltd., Kharkov), and subsequently ed-
ited with Adobe Photoshop elements (2008) (Adobe Systems Inc., USA) where necessary.

The terminology to denote the orientation of the genitalia follows Miller and Nils-
son (2003); the style of the descriptive notes follows Wewalka (1997, 2011) and Miller
and Wewalka (2010).

Body measurements were made with a compound microscope equipped with a mi-
crometer eyepiece. The abbreviations of measurements used in this study are as follows: TL
(total body length), TL-H (body length without head), MW (maximum width of body).
The ratio TL/MW was also calculated. Measurements of holotypes are added between
round brackets. Label data of holotype specimens are cited between quotation marks. A
backslash (\) indicates separate labels. Our comments are given between square brackets.

All localities where Microdytes species were recorded in Thailand, Laos, and Cam-
bodia are shown in Fig. 1. Literature records (Wewalka 1997, 2011) and additional

JRAYE Kayah-Karen montane rain forests
NIN" northern Indochina subtropical forests
NTL  northern Thailand-Laos moist deciduous forests
LUA  Luang Prabang montane rain forests

INAN' northern Annamites rain forests

INKIl northern Khorat Plateau moist deciduous forests

SEI I n Indochina dry everg forests

o Literature records

e Additional records © f\—/
A

. . - —
SAN southern Annamites montane rain forests 50 100 200 300 km

CIN  central Indochina dry forests

CAR  Cardamom Mountains rain forests

CHA Chao Phraya lowland moist deciduous forests

Figure |. Known localities of Microdytes species in Thailand, Laos, and Cambodia, including literature
records, sampling sites and additional records in this study. For those records where specific information of
province was not reported, the location was mapped by dotted lines. Ecoregion classification is given following
Olson etal. (2001). Thailand: 1 Mae Hong Son 2 Chiang Mai 3 Chiang Rai 4 Lampang 5 Lamphun 6 Phrae
7 Nan 8 Uttaradit 9 Phitsanulok 10 Phetchabun 11 Chaiyaphum 12 Loei 13 Bueng Kan 14 Nakhon Phanom
15 Sakon Nakhon 16 Mukdahan 17 Ubon Ratchathani 18 Tak 19 Uthai Thani 20 Kanchanaburi 21 Saraburi
22 Nakhon Ratchasima 23 Nakhon Nayok 24 Sa Kaeo 25 Chonburi 26 Rayong 27 Chanthaburi 28 Trat.
Laos: 29 Phongsaly 30 Luang Namtha 31 Oudomxay 32 Luang Prabang 33 Vientiane 34 Bolikhamxai
35 Khammouane 36 Savannakhet 37 Sekong 38 Champasak 39 Attapeu.
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records in this study are symbolized separately. For interpretation of distribution pat-
terns of Microdytes, we mapped the recorded localities onto terrestrial ecoregions as
defined by Olson et al. (2001). The main ecoregions for the distributions of species in
Thailand, Laos, and Cambodia are abbreviated as follows:

T Thailand;

L Laos;

C Cambodia;

KAY Kayah-Karen montane rain forest;

NIN northern Indochina subtropical forests;

LUA Luang Prabang montane rain forests;

NAN northern Annamites rain forests;

NKH  northern Khorat Plateau moist deciduous forests;
SEI southeastern Indochina dry evergreen forests;
CIN central Indochina dry forests;

CAR Cardamom Mountains rain forests;

CHA Chao Phraya lowland moist deciduous forests.

Results

Descriptions

Microdytes eliasi Wewalka & Okada, sp. nov.
https://zoobank.org/8C12C23B-3B90-4F46-9D48-F5ABD6625734
Figs 2, 7, 12, 42C, 43C

Type locality. Cambodia, Koh Hong Province, 20 km SW Koh Hong, Tatai River,
11°34'N, 103°07'E, alt. 50—-300 m.

Type material. Holotype (NMB): & “Cambodia SW, Tatai riv. 20 km SE Koh
Hong 11°34'N, 103°07'E, 3.-19.v.2005, 50-300 m, E. Jendek, O. Sausa leg.” [print-
ed white label] \ “HOLOTYPUS Microdytes eliasi sp. nov. Wewalka & Okada 2022”
[printed red label]. Paratypes: (47 exs.): 783, 149 @, with same data as the holotype
(CGW, CRO, NMB, NMP); 24'&, Thailand, Saraburi Province, Kaeng Khoi District,
Ched Khot St. 122 (alt. 140 m), 14°28'26"N, 101°09'59"E, 30.V.2020, R. Okada leg.
(CRO, THNHM); 44, 492, Thailand, Sa Kaeo Province, Mueang Sa Kaeo Dis-
trict, Ban Kaeng St. 277 (alt. 80 m), 13°58'47"N, 102°11'29"E, 30.1.2022, R. Okada
leg. (CGW, CRO, THNHM); 243, 39 9, Thailand, Chonburi Province, Bo Thong
District, That ﬂlong St. 107 (alt. 100 m), 13°15'01"N, 101°22'34"E, 14.111.2020, R.
Okada leg. (CGW, CRO, THNHM); 24d, 29 Q, same locality St. 298 (alt. 100 m),
13.VIL.2022, R. Okada leg. (CGW, CRO); 1%, same province, Si Racha District,
Bang Phra St. 269 (alt. 90 m), 13°14'39"N, 101°02'20"E, 26.X11.2021, R. Okada leg.
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(CRO); 383, 299, Thailand, Chanthaburi Province, Khaeng Hong Maeo District,
Kaeng Hong waterfall St. 257 (alt. 160 m), 13°02'57"N, 101°45'35"E, 26.V1.2021, R.
Okada leg. (CGW, CRO, THNHM); 19, same district, Kha riv. St. 258 (alt. 90 m),
12°57'38"N, 101°46'30"E, 26.V1.2021, R. Okada leg. (CRO). All paratypes are pro-
vided with printed red paratype labels.

Diagnosis. Microdytes eliasi sp. nov. very closely resembles M. maculatus (Mots-
chulsky, 1860) (Figs 25, 41) in size and coloration but differs from this species by the
more regularly oval habitus, the laterally expanded median lobe at apex and constricted
tips of paramere (Figs 12, 42C, 43C) (see also comments in M. maculatus). It is also
similar to M. feryi Wewalka, 2011 (Fig. 21) in habitus and coloration, but it is smaller
and can be distinguished by male genitalia [compared with a male paratype from My-
anmar, “Tenasserim, Birma Coll. V. Helfer National Museum Prague” (CGW)].

Description. Measurements. TL = 1.64-1.85 mm (1.76 mm), TL-H = 1.49—
1.65 mm (1.55 mm), MW = 1.12-1.25 mm (1.24 mm), TL/MW = 1.33-1.44 (1.42).
Body regularly oval, moderately convex (Fig. 2).

Coloration. Head reddish brown. Pronotum reddish brown, narrowly dark brown
along anterior and posterior margins. Elytron dark brown with yellowish brown mark-
ings forming a distinct transverse band near base not reaching suture connected along
lateral margin with a post-median transverse lateral band, with a small post-median
spot near suture, and a triangular spot near apex (Figs 2, 7). Ventral surface of head,
prothorax and elytral epipleuron yellowish brown; thorax and abdominal ventrites red-
dish brown to dark brown. Legs, antennae and palpi yellowish brown.

Sculpture and structure. Head finely, sparsely, and relatively regularly punctured;
anterior half to two-thirds finely microreticulate; clypeus not bordered. Pronotum
quite regularly, sparsely, and fairly strongly punctured, with coarser punctures along
posterior margin; without microreticulation; lateral margins finely bordered, regularly
rounded. Elytron quite regularly, moderately densely and fairly strongly punctured,
progressively finer and sparser towards lateral margin; without longitudinal rows of
stronger punctures; highly polished and shining; without microreticulation. Ventral
surface: metacoxae and metasternum strongly but sparsely punctured, abdomen finely
and sparsely punctured; without microreticulation.

Male. The two parts of the median lobe expanded laterally at apex in ventral as-
pect (Figs 12A, 42A); slightly curved in lateral aspect (Fig. 12B). The tips of parameres
twisted in lateral aspect (Fig. 12C, D); constricted in ventral aspect (Fig. 43C).

Female. Without secondary sexual characters. Sclerotized spermatheca not found.

Variation. Variation of markings is shown in Fig. 7.

Etymology. This species is dedicated to Elias Brambdock, Vienna, Austria. The spe-
cies epithet is a name in the genitive singular.

Habitat. In Thailand, this species was collected in small streams at low altitude
lower than 200 m (Fig. 45).

Distribution. Thailand: Saraburi, Sa Kaeo, Chonburi, and Chanthaburi provinc-
es; Cambodia: Koh Hong Province.
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Microdytes jeenthongi Okada & Wewalka, sp. nov.
https://zoobank.org/D3B3AE52-D18B-49E8-AAB7-E0DC2F5E6CD1
Figs 3, 8, 13, 39E

Type locality. Thailand, Chiang Mai Province, Mae Chaem District, Tha Pha,
18°30'46"N, 98°25'25"E, alt. 720 m.

Type material. Holotype (THNHM): &, “THAL Chiang Mai Mae Chaem Dist.,
Tha Pha St. 166 (alt. 720 m) 15.VII1.2020” [printed white label] \ “HOLOTYPE Mi-
crodytes jeenthongi sp. nov. Okada & Wewalka 2022 [printed red label]”. Paratypes (3
exs.): 24'J, same data as the holotype (CGW, NMW); 1, same locality, 4.VI1.2020,
R Okada leg (CRO). All paratypes are provided with printed red paratype labels.

Diagnosis. Microdytes jeenthongi sp. nov. resembles M. shunichii Satd, 1995
(Fig. 36) and M. zetteli Wewalka, 1997 (Fig. 37) in habitus, coloration and very finely
punctured metasternum and metacoxae. From M. shunichii it differs by the reddish
brown pronotum and very finely and sparsely punctured elytra. From M. zetteli it can
be distinguished by larger size, less finely and sparsely punctured head.

Description. Measurements. TL = 1.77-1.82 mm (1.79 mm), TL-H = 1.23—
1.26 mm (1.26 mm), MW = 1.18-1.23 mm (1.23 mm), TL/MW = 1.46-1.50 (1.49).
Body regularly oval, moderately convex (Fig. 3).

Coloration. Head reddish brown. Pronotum reddish brown, along the anterior
margin narrowly and along the posterior margin more widely dark brown, especially
medially. Elytron dark brown with a distinct transverse band at the base not reaching
suture, continuing along the margin to a post-median transverse band and a triangular
spot near the apex, and a small round post-median spot near suture (Figs 3, 8). Ventral
surface of head and prothorax yellowish brown; thorax, abdominal ventrites and elytral
epipleuron reddish brown to dark brown. Legs, antennae and palpi yellowish brown.

Sculpture and structure. Head finely and sparsely, slightly irregularly punctured;
anterior forth finely microreticulate; clypeus not bordered. Pronotum punctured mod-
erately irregularly, finely, and sparsely, very coarsely along posterior margin; without
microreticulation; lateral margins finely bordered, regularly rounded. Elytron very
sparsely and finely punctured, progressively finer and sparser towards lateral margin;
one longitudinal row of punctures distinct; highly polished and shining; without mi-
croreticulation. Ventral surface: metasternum and metacoxae very finely, sparsely, and
irregularly punctured; abdomen almost without punctures; without microreticulation.

Male. The two parts of the median lobe expanded and pointed at apex forming the
unique arrowhead shape in ventral aspect (Fig. 13A); almost straight and slightly ex-
panded downwards at apex in lateral aspect (Fig. 13B). Parameres moderate triangular
in lateral aspect (Figs 13C, D).

Female. Unknown.

Variation. Variation of markings is shown in Fig. 8.

Etymology. This species is dedicated to Tadsanai Jeenthong, collection manager
of National Science Museum, Thailand. The species epithet is a name in the geni-
tive singular.
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6
Figures 2-6. Habitus of 2 Microdytes eliasi sp. nov., female, paratype 3 M. jeenthongi sp. nov., male,

holotype 4 M. maximiliani sp. nov., male, holotype 5 M. sekaensis sp. nov., male, holotype 6 M. ubonensis
sp. nov., male, holotype. Scale bar: 1.0 mm.

Habitat. This species was collected in a small, shallow stream with gravel bottom
flowing through a small valley. In this stream, specimens were collected from a restrict-
ed point where tree roots were exposed along the river bottom (Fig. 46).

Distribution. Thailand: Chiang Mai Province.
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Microdytes maximiliani Wewalka & Okada, sp. nov.
https://zoobank.org/E1377AC3-9A63-4D0A-BEEF-FEEFAG9E26F3
Figs 4, 9, 14, 38

Type locality. Laos, Louang Namtha Province, 10 km E Muang Sing, 21°09-10'N,
101°13-15'E, alt. 750-1400 m.

Type material. Holotype (NMB): 3, “LAOS, Louang Namtha prov., 10 km E
Muang Sing, 750-1400 m, Ban Oudonsinh B. Nam Det \ B. Nam Mai, 21°09-10'N
\ 101°13-15'E, 14.-20.V.2011” \ “NHMB Basel Laos 2011 Expedition D. Hauk &
M. Geiser” [printed white labels] \ “HOLOTYPUS Microdytes maximiliani sp. nov.
Wewalka & Okada 2022 [printed red label]. Paratypes (4 exs.): 24, 19, with same
data as the holotype (CGW, NMB, NMP); 19, CHINA: Yunnan, Xishuangbanna,
ca. 10 km N'W Menglun, ca. 700-800 m, 7.X1.1999, M. Jich et al. (CWBS 360)
(NMYW). All paratypes are provided with printed red paratype labels.

Diagnosis. Microdytes maximiliani sp. nov. resembles M. satoi Wewalka, 1997 in
coloration of pronotum and elytra but differs from this species by darker head, larger
size, a distinct impression on lateral side in anterior third of elytron (Fig. 38) and male
genitalia. It is similar to M. paoloi Wewalka, 2011 in size and coloration of pronotum
but can be distinguished by elytral markings, the impression on lateral side of elytron
and male genitalia. The shape of median lobe of aedeagus of M. maximiliani is very
similar to that of M. schoenmanni Wewalka, 1997, but this species is much smaller and
differs in coloration, punctation and a missing impression on lateral side of elytron.

Description. Measurements. TL = 1.60-2.00 mm (1.86 mm), TL-h = 1.40—
1.80 mm (1.61 mm), MW = 1.30-1.35 mm (1.30 mm), TL/MW = 1.23-1.43 (1.43).
Body broad and regularly oval, quite convex (Figs 4, 38).

Coloration. Head dark reddish brown, darker on vertex and along eyes. Pronotum
dark brown. Elytron dark brown with yellowish brown markings forming a distinct
transverse band near base not reaching suture and lateral margin, a post-median lateral
spot often connected with a triangular spot near apex (Figs 4, 9). Elytral epipleuron
and ventral surface dark brown to black. Legs, antennae and palpi reddish brown.

Sculpture and structure. Head finely and sparsely punctured, stronger punc-
tures along eyes and on vertex; with fine microreticulation missing on vertex; cl-
ypeus not bordered. Pronotum irregularly punctured with sparse fine punctures and
strong punctures concentrated along posterior margin and sparsely on disc; without
microreticulation; lateral margins finely bordered, scarcely rounded. Elytron quite
regularly, moderately densely and fairly strongly punctured, with traces of two lon-
gitudinal rows of punctures; highly polished and shining; without microreticulation;
with a distinct impression on lateral side in anterior third (Fig. 38). Ventral surface:
metacoxae, metasternum and abdomen moderately strongly but very sparsely punc-
tured; without microreticulation.

Male. Median lobe of aedeagus in ventral aspect slightly tapered from base to apex,
expanded before apex, apex truncate (Fig. 14A); in lateral aspect straight, tapered in
apical ninth, apex bent downwards (Fig. 14B). Parameres narrow triangular in lateral

aspect (Fig. 14C, D).
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Female. Without secondary sexual characters. Sclerotized spermatheca not found.

Variation. Variation of markings is shown in Fig. 9.

Etymology. This species is dedicated to Maximilian Brambéck, Vienna, Austria.
The species epithet is a name in the genitive singular.

Habitat. The species was collected in Yunnan in a 1-2-m wide stream flowing
through dense primary forest (Jich and Ji 2003).

Distribution. Laos: Louang Namtha Province; China: Yunnan Province.

Microdytes sekaensis Okada & Wewalka, sp. nov.
https://zoobank.org/FC40E421-E223-493B-A4C8-9F9B94978DE2
Figs 5, 10, 15

Type locality. Thailand, Bueng Kan Province, Seka District, Ban Tong, 18°08'16"N,
103°59'35"E, alt. 190 m.

Type material. Holotype (THNHM): &, “THAIL: Bueng Kan Seka Dist., Ban
Tong St. 206 (alt. 190 m) 28.X11.2020 R. Okada leg. \ HOLOTYPE Microdytes
sekaensis sp. nov. Okada & Wewalka 2022 [printed red label]. Paratypes (37 exs.):
1, with same data as the holotype (CGW); 36 exs., Laos, Bolikhamsay Province,
Nam Kading NPA, Tad Paloy campsite, 18°21-23'N, 104°09'E, alt. 250-400 m, 24.—
28.V.2011, NHMB Basel Laos 2011 Expedition, M. Geiser, D. Hauk, A. Phantala
& E. Vongphachan leg. (CGW, CRO, NMB, NMP). All paratypes are provided with
printed red paratype labels.

Diagnosis. Microdytes sekaensis sp. nov. resembles M. hainanensis Wewalka, 1997
and M. schwendingeri Wewalka, 1997 (Figs 34, 40B) in habitus and size but differs by
elytral markings and clypeus not bordered. Size and coloration of M. sekaensis sp. nov.
is also similar to those of M. gabrielae Wewalka, 1997 (Fig. 23), but it is distinguish-
able from the latter by the more rounded-oval body and finely and sparsely punctured
ventral surface.

Description. Measurements. TL = 1.34-1.36 mm (1.36 mm), TL-h = 0.92—
0.93 mm (0.93 mm), MW = 0.99-1.01 mm (1.01 mm), TL/MW = 1.35-1.36 (1.35).
Body broadly oval, strongly convex (Fig. 5).

Coloration. Head yellowish brown. Pronotum yellowish brown, along posterior
margin narrowly dark brown. Elytron reddish brown to dark brown with two yellow-
ish brown spots: one basal spot not reaching base, one anterior lateral spot continuing
along the lateral margin to a post-median lateral spot and a transverse spot near apex,
also with a round median spot near suture (Figs 5, 10). Ventral surface predominantly
yellowish brown. Legs, antennae and palpi yellowish brown.

Sculpture and structure. Head very finely and sparsely, slightly irregularly punc-
tured; entirely and distinctly microreticulate; clypeus not bordered. Pronotum quite ir-
regularly, finely, and sparsely punctured on the disc, additionally with coarser punctures
at medial part of posterior margin; without microreticulation; lateral margins finely bor-
dered, regularly rounded. Elytron fairly finely, regularly, and moderately densely punc-
tured, progressively finer and sparser towards lateral margin; two longitudinal rows of
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punctures moderately distinct; highly polished and shining; without microreticulation.
Ventral surface: metacoxae and metasternum finely and sparsely punctured, epipleura
and abdomen almost without punctures; without microreticulation.

Male. Median lobe of acdeagus in ventral aspect slightly tapered from base to apex
and narrowly constricted before apex, apex spoon shaped (Fig. 15A); in lateral aspect
slightly curved with an arrowhead shaped apical expansion (Fig. 15B). Paramere nar-
rowly trapezoid in lateral aspect (Fig. 15C, D).

Female. Without secondary sexual characters. Sclerotized spermatheca not found.

Variation. Variation of markings is shown in Fig. 10.

Etymology. This species is named after the district name of the type locality.

Habitat. This species was collected in the remaining water pools in a dried-up
stream which had a sandy bottom with rich leaf deposits (Fig. 47).

Distribution. Thailand: Bueng Kan Province; Laos: Bolikhamsay Province.

Microdytes ubonensis Okada & Wewalka, sp. nov.
https://zoobank.org/007C27AC-BD23-48EE-9659-05448237A6EE
Figs 6, 11, 16, 40A

Type locality. Thailand, Ubon Ratchathani Province, Si Mueang Mai Dist., Nam
Thaeng, 15°32'19"N, 105°24'08"E, alt. 200 m.

Type material. Holotype (THNHM): &, “THAIL: Ubon Ratchathani Si Mueang
Mai Dist., Nam Thaeng St. 242 (alt. 200 m) 23.V.2021 R. Okada leg.” [printed white
label] / HOLOTYPE Microdytes ubonensis sp. nov. Okada 8 Wewalka 2022” [print-
ed red label]. Paratypes (52 exs.): 343, 19, with same data as the holotype (CGW,
CRO); 499, Thailand, Ubon Ratchatani Province, Nam Yuen Dist., Dom Pradit St.
221 (alt. 190 m), 14.402°N, 104.215°E, 26.11.2021 R Okada leg. (THNHM); 443,
499, Thailand, Ubon Ratchathani Province, Nam Yuen District, Dom Pradit St. 240
(alt. 260 m), 14°23'22"N, 105°09'25"E, 22.V.2021, R. Okada leg. (CRO); 18 exs.,
Laos, Savannakhet Province, Phou Xang He NBCA, ca. 5 km SW Ban Pa Phaknau,
17°00'N, 105°38'E, alt. 250—400 m, 31.V.—6.VI1. 2011, NHMB Basel, Laos 2011 Ex-
pedition, M. Brancucci, M. Geiser, D. Hauk, Z. Kraus, A. Phantala & E. Vongphachan
leg. (CGW, NMB, NMP); 1, Laos, Champasak Province, Bolavens Plateau, waterfall
ca. 2 km E Tad Katamtok, 15°08.1'N, 106°38.8'E, alt. 415 m, 10.-12.V.2010, ]J.
Hijek leg. (NMP); 15 exs., Laos, Champasak Province, Bolavens Plateau, ca. 1 km
S Ban Lak 40 [vill.] Tad Yueang waterfall, 15°10.8'N, 106°08.3'E, alt. 900-970 m,
28.IV.2010, J. Hijek leg. (CGW, CRO, NMP); 18, Laos, Vientiane Province, Phou
Khao Khouay NBCA ca. 46 km N Vientiane (waterfall), 18°22.4'N, 102°42.4'E, alt.
270 m, 18.V.2010, J. Héjek leg. (NMP); 19, Laos, Vientiane Province, 90 km E
Vientiane, Phou Khao Khouay NP, Nam Leuk, 1.-8.V1.1996, H. Schillhammer leg
(NMYW). All paratypes are provided with printed red paratype labels.

Diagnosis. Microdytes ubonensis sp. nov. is similar to M. boukali Wewalka, 1997
and M. lotteae Wewalka, 1998 in habitus, size, and pronotal coloration but differs from
these species by having yellowish head and the elytral markings with distinct post-me-
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7
Figures 7-11. Variation of markings of 7 Microdytes eliasi sp. nov. 8 M. jeenthongi sp. nov 9 M. maxi-

miliani sp. nov. 10 M. sekaensis sp. nov. | | M. ubonensis sp. nov. Scale bar: 1.0 mm.

dian spot near suture and finely and sparsely punctured ventral surface. M. ubonensis
sp. nov. also resembles M. huangyongensis Bian et al., 2015 in habitus and coloration
but it differs in size and male genitalia.

Description. Measurements. TL = 1.25-1.40 mm (1.37 mm), TL-h = 1.08-
1.19 mm (1.18 mm), MW = 0.87-0.95 mm (0.95 mm), TL/MW = 1.42-1.47 (1.44).
Body regularly oval, moderately convex (Fig. 6).

Coloration. Head yellowish brown. Pronotum dark brown, indistinctly yellowish
brown at lateral sides. Elytron dark brown with yellowish brown markings forming a
distinct transverse band at base not reaching suture, with a post-median lateral spot
and a triangular spot near apex and often with a distinct longitudinal post-median
spot near suture (Figs 6, 11). Ventral surface of head and prothorax yellowish brown;
thorax, abdominal ventrites and elytral epipleuron reddish brown to dark brown. Legs,
antennae and palpi yellowish brown.

Sculpture and structure. Head finely, sparsely, and relatively regularly punc-
tured; almost entirely microreticulate; clypeus not bordered (Fig. 40A). Pronotum
quite regularly, sparsely, and fairly strongly punctured, coarser punctures along the
posterior margin; without microreticulation; lateral margins very finely bordered,
regularly rounded. Elytron moderately regularly and densely punctured, progressive-
ly finer and sparser towards lateral margin; longitudinal rows of stronger punctures
not distinct; highly polished and shining; without microreticulation. Ventral surface:
metacoxae and metasternum finely and sparsely punctured, abdomen without punc-
tures; without microreticulation.

Male. Median lobe of aedeagus in ventral aspect equally tapered from base to apex,
with a small swelling at apex (Fig. 16A); in lateral aspect tapered from base to apex,
with a small ventral hook at apex (Fig. 16B). Paramere narrow triangular in lateral
aspect (Fig. 16C, D).

Female. Without secondary sexual characters. Sclerotized spermatheca not found.

Variation. Variation of markings is shown in Fig. 11.

Etymology. This species is named after the popular provincial name of the type locality.

Habitat. This species was collected in a variety of habitats. At the type locality,
specimens were collected from a small stream on a more or less deforested bedrock
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Figures 12-14. 12 Microdytes eliasi sp. nov. |3 M. jeenthongi sp. nov. 14 M. maximiliani sp. nov.

A median lobe in ventral aspect B median lobe in lateral aspect C left paramere in lateral aspect D right
paramere in medial aspect. Scale bar: 0.25 mm.
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16A //

Figures 15, 16. |5 Microdytes sekaensis sp. nov. 16 M. ubonensis sp. nov. A median lobe in ventral aspect
B median lobe in lateral aspect C left paramere in lateral aspect D right paramere in medial aspect. Scale
bar: 0.25 mm.

(Fig. 48). At other localities, specimens were collected in small pit holes near small for-
est streams with rich leaf deposits.

Distribution. Thailand: Ubon Ratchathani Province; Laos: Savannakhet, Cham-
pasak, and Vientiane provinces.

New faunistic records from Thailand, Laos, and Cambodia

Microdytes akitai Wewalka, 1997
Fig. 18

Microdytes akitai Wewalka, 1997: 17; Wewalka 2011: 37; Nilsson and Hdjek 2023: 211.

Type locality. Laos, Vientiane Province, Mt. Phou Khao Khouay.

Material examined. Laos: Bolikhamsay Province. 22 exs., Nam Khading National
Bio-Diversity Conservation Area, Tad Paloy campsite, 18°23.17'N, 104°09.65'E, alk.
300 m, forest stream, 8.—11.VI[.2010 & 24.-28.V.2011, NHMB Basel Laos 2010 &
2011 Expeditions, M. Brancucci, M. Geiser, D. Hauk, A. Phantala & E. Vongphachan
leg. (CGW, CRO, NMB, NMP) (Fig. 18).
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Comments. Specimens from Bolikhamsay have more distinct elytral markings and
darker head color than in the specimens from the type locality but no other differences
have been observed, in particular, in the male genitalia.

Distribution. Laos: Vientiane and Bolikhamsay (first record) provinces.

Microdytes balkei Wewalka, 1997
Figs 17, 19, 39D

Microdytes balkei Wewalka, 1997: 18; Wewalka 2011: 29; Nilsson and Hdjek 2023: 211.

Type locality. Thailand, Rayong Province, Khao Chamao NP

Material examined. TaarLanD: Mukdahan Province. 1, Phu Pha Thoep N.P,
small pools (23), 1.1.2000, Mazzoldi leg. (CGW); Ubon Ratchathani Province. 1,
19, Nam Yuen District, Dom Pradit St. 240 (alt. 260 m), 22.V.2021, R. Okada
leg. (CRO, THNHM); Saraburi Province. 19, Kaeng Khoi District, Ched Khot
St. 122 (alt. 140 m), 30.V.2020, R. Okada leg. (CRO); Chonburi Province. 28d,
19, Ban Bueng District, Khlong Kiu St. 261 (alt. 200 m), 6.XI.2021, R. Okada leg.
(CGW, CRO) (Fig. 17); 283, 19, Si Racha District, Bang Phra St. 269 (alt. 90 m),
26.X11.2021, R. Okada leg. (CRO); Rayong Province. 433, Wang Chan District, Pa
Yup Nai St 299 (alt. 200 m), 17.VI1.2022, R. Okada leg. (CRO, THNHM).

Laos: Savannakhet Province. 203 exs., Phou Xang He NBCA, ca. 5 km SW Ban
Pa Phaknau, 17°00'N, 105°38'E, alt. 250—400 m, 31.V.-6.VI. 2011, NHMB Basel,
Laos 2011 Expedition, M. Brancucci, M. Geiser, D. Hauk, Z. Kraus, A. Phantala & E.
Vongphachan leg. (CGW, CRO, NMB, NMP); Sekong Province. 39 ¢, ca. 51 km N
Sekong (river) Ho Chi Minh trail, 15°49.6'N, 106°39.8'E, alt. 410 m, 14.-15.V.2010,
J. Hijek leg. (NMP).

Camsopia: Koh Hong Province. 12 exs., 20 km SW Koh Hong, Tatai Riv-
er, 11°34'N, 103°07'E, alt. 50-300 m, 3.-19.V.2005, E. Jendek & O. Sauda leg.
(CGW, NMB).

Comments. Since the figure of the median lobe of this species was not depicted
clearly in Wewalka (1997), we present a new figure of the aedeagus including para-
meres (Fig. 17).

Distribution. Thailand: Mukdahan, Rayong, Trat, Ubon Ratchathani (first re-
cord), Saraburi (first record), and Chonburi (first record) provinces, Khao Yai NP [Na-
khon Ratchatsima or Nakhon Nayok Province]; Laos (first record): Savannakhet and
Sekong provinces; Cambodia (first record): Koh Hong Province.

Microdytes dimorphus Wewalka, 1997
Fig. 20

Microdytes dimorphus Wewalka, 1997: 22; Wewalka 2011: 37; Nilsson and Hdjek
2023: 211.
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Figure 17. Microdytes balkei A median lobe in ventral aspect B median lobe in lateral aspect C left para-
mere in lateral aspect D right paramere in medial aspect. Scale bar: 0.25 mm.

Type locality. Thailand, Nakhon Ratchasima or Nakhon Nayok Province, Khao Yai NP.

Material examined. TrarLanD: Chonburi Province. 1, Si Racha District, Bang
Phra St. 269 (alt. 90 m), 26.X11.2020, R. Okada leg. (CRO) (Fig. 20).

Comments. Microdytes dimorphus was described based on a single male specimen
from Khao Yai National Park and no additional records are known so far. Therefore, this is
the second record of this species. Wewalka (1997) suggested M. dimorphus is more closely
related to M. menopausis Wewalka, 1997 (Fig. 27) but differs by having coarser punc-
tures on the elytra similar in size, a punctured abdomen, a more produced clypeus, and
larger second segment of antennae. The specimen examined in this study corresponds with
M. dimorphus due to the status of punctures on the elytra and abdomen, although the char-
acteristics of clypeus and antenna are intermediate between M. dimorphus and M. meno-
pausis. This species can be distinguished from M. menopausis in having a more slender body
shape and indistinct elytral markings at both shoulders and post-median part (Fig. 20).

Distribution. Thailand: Khao Yai NP [Nakhon Ratchasima or Nakhon Nayok
Province] and Chonburi (first record) Province.

Microdytes franzi Wewalka & Wang, 1998
Fig. 22

Microdytes franzi Wewalka & Wang, 1998: 65; Wewalka 2011: 38; Nilsson and Hdjek
2023: 211.

Type locality. Laos, Vientiane Province, Mt. Phou Khao Khouay.

Material examined. Laos: Bolikhamsay Province. 20 exs., Nam Khading National
Bio-Diversity Conservation Area, Tad Paloy campsite, 18°23.17'N, 104°09.65'E, alt.
300 m, forest stream, 8.—11.VI[.2010 & 24.-28.V.2011, NHMB Basel Laos 2010 &
2011 Expeditions, M. Brancucci, M. Geiser, D. Hauk, A. Phantala & E. Vongphachan
leg. (CGW, CRO, NMB, NMP) (Fig. 22).

Distribution. Laos: Vientiane and Bolikhamsay (first record) provinces.
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Figures 18-37. Habitus of 18 Microdytes akitai 19 M. balkei 20 M. dimorphus 21 M. feryi (paratype,
from Myanmar) 22 M. franzi 23 M. gabrielac 24 M. heineri 25 M. maculatus 26 M. mariannae 2T M. men-
opausis 28 M. paoloi 29 M. pasiricus 30 M. pederzanii 31 M. rocchii 32 M. schoedli 33 M. schoenmanni
(from Myanmar) 34 M. schwendingeri 35 M. shepardi 36 M. shunichii 3T M. zetteli. Scale bar: 1.0 mm.
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Microdytes gabrielae Wewalka, 1997
Fig. 23

Microdytes gabrielae Wewalka, 1997: 24; Wewalka 2011: 29; Nilsson and Hdjek 2023: 211.

Type locality. Thailand, Phetchabun Province, Huai Nam Phang,.

Material examined. TraiLaND: Phetchabun Province. 13, Phu Hin Rongkla NP,
small stream (7), 25.X11.1999, Mazzoldi leg. (CGW) (Fig. 23); 433, 39 9, Lom Kao
District, Ban Noen St. 294 (alt. 1620 m), 18.V1.2022, R. Okada leg. (CGW, CRO,
THNHM); Phitsanulok Province. 1, Nakhon Thai Distr., Phu Hin Rong Kla NP, in
waterfall, 16°59'49.1"N, 101°00'34.8"E, 7.111.2016, A. Damaska leg. (NMP).

Distribution. Thailand: Phetchabun and Phitsanulok provinces.

Microdytes heineri Wewalka, 2011
Figs 24, 39A

Microdytes heineri Wewalka, 2011: 23; Nilsson and Héjek 2023: 211.

Type locality. China, Yunnan Province, Simao Prefecture.
Material examined. THarLAND: Chiang Mai Province. 8 exs., Mae Taeng District, Pa
Pae St. 49 (alt. 1000 m), 15.V1.2019, R. Okada leg. (CGW, CRO, THNHM); 1, same
district, Kuet Chang St. 170 (alt. 520 m), 16.VII1.2020, R. Okada leg. (CRO) (Fig. 24).
Comments. Male specimens have distinct setae on the metacoxae (Fig. 39A).
Distribution. Thailand: Nan and Chiang Mai (first record) provinces; Laos: Luang
Namtha and Luang Prabang provinces; China: Yunnan Province.

Microdytes maculatus (Motschulsky, 1860)
Figs 25, 39C, 41

Hydrovatus maculatus Motschulsky, 1860: 42; Sharp 1882: 814, 973; Régimbart 1899:
231; Zaitzev 1915: 293; Zimmermann 1920: 34.

Desmopachria maculatus: Gschwendtner 1936: 367; Balfour-Browne 1946: 106 (un-
certain assignment).

Microdytes maculatus: Vazirani 1969: 301; Vazirani 1977: 24; Sat6 1981: 68; Wewalka
1997: 27; Bistrom et al. 1997: 75; Miller and Wewalka 2010: 35; Wewalka 2011:
29; Nilsson and Héjek 2023: 211.

Type locality. “Ind or”, “Dohen [a place with this name exists in Pakistan, Jammu and
Kashmir Province, but it is very unlikely that this is the type locality]”.

Material examined. THarLaND: Chiang Mai Province. 64, 19, Chom Thong
District, Ban Luang St. 165 (alt. 360 m), 15.VII1.2020, R. Okada leg. (CGW, CRO)
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Figures 38-40. Diagnostic characters of Microdytes species. 38 Impression of lateral side (M. maxi-
miliani sp. nov.) 39 ventral surface A with setae (M. heineri) B with very coarse punctures (M. schoe-
dli) € with coarse punctures (M. maculatus) D with fine punctures (M. balkei) E with very fine punc-
tures (M. jeenthongi sp. nov.) 40 clypeus bead A not bordered (M. ubonensis sp. nov.) B finely bordered
(M. schwendingeri) € produced (M. dimorphus).

(Fig. 25); 9 exs., Mae Chaem District, Tha Pha St. 166 (alt. 720 m), 15.VII1.2020,
R. Okada leg. (CGW, CRO); 14,19, Chiang Dao District, Ping Khong St. 226 (alt.
430 m), 20.111.2021, R. Okada leg. (CRO); Chiang Rai Province. 39 ¢, Wiang Kaen
District, Muang Yai St. 70 (alt. 470 m), 2.VII1.2019, R. Okada leg. (CRO); Lampang
Province. 53, 999, Thoen District, Mae Pa St. 197 (alt. 200 m), 15.X1.2020, R.
Okada leg. (CGW, CRO); Mae Hong Son Province. 333, Pai District, Mueang Paeng
St. 93 (alt. 760 m), 1.XI1.2019, R. Okada leg. (CRO); 30, 299, Pha Bong, ca.
12 km S Mae Hong Son, 12.X1.1995, H. Zettel leg (CGW, NMW); Phrae Province.
1, 15 km E Phrae, Mae Khaem, 16.X1.1995, H. Zettel leg. (NMW); Uttaradit Prov-
ince. 243, 19, Nam Pat District, Saen To St. 184 (alt. 210 m), 13.1X.2020, R. Okada
leg. (CRO); Phetchabun Province. 1 @, Huai Nam Phang, S Ban Nam Nao, 25.X1.1995,
H. Zettel leg. (NMW); Bueng Kan Province. 283, Seka District, Ban Tong St. 206
(alt. 190 m), 27.X11.2020, R. Okada leg. (CGW, CRO); Nakhon Phanom Province.
12 exs, Bang Phaeng District, Phai Lom St. 203 (alt. 200 m), 27.X11.2020, R. Okada
leg. (CGW, CRO); Sakon Nakhon Province. 19, Charoen Sin District, Huai Yang St.
208 (alt. 320 m), 29.X11.2020, R. Okada leg. (CRO); 24, 299, Tao Ngoi District,
Nan Tan St. 210 (alt. 310 m), 29.X11.2020, R. Okada leg. (CGW, CRO); Ubon Rat-
chathani Province. 13,12, Si Mueang Mai District, Nam Thaeng St. 221 (alt. 190 m),
26.11.2021, R. Okada leg. (CRO); 14, 19, Nam Yuen District, Dom Pradit St. 224
(ale. 190 m), 27.11.2021, R. Okada leg. (CRO); Kanchanaburi Province. 1, Si Sawat
District, Na Suan St. 28 (alt. 310 m), 12.1.2019, R. Okada leg. (CRO).
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Figures 41-43. 41 Lectotype of Microdytes maculatus (photograph by Christophe Rivier, Muséum na-

tional d’histoire naturelle, Paris) 42 median lobe of A M. maculatus from northern Thailand B from
northeastern Thailand € M. eliasi sp. nov. 43 paramere of A M. maculatus from northern Thailand
B from northeastern Thailand € M. eliasi sp. nov.

Laos: Luang Prabang Province. 4 exs., Thong Khan, 19°35'N, 101°58'E, alt. ca.
750 m, 11-12.V.2002, V. Kubdn leg. (CGW, NMB).

Comments. The lectotype of Microdytes maculatus (Fig. 41) has a rhomboid-like
habitus similar to that of most specimens from Myanmar, northern Thailand, and
China, while most specimens from northeastern Thailand and Laos have a more regu-
larly rounded habitus, but this is not a discriminant character.

There is also a geographic variation in the shapes of the median lobe and the apical
part of the parameres. In specimens from Myanmar, northern Thailand, and China,
the two parts of the median lobe have obtuse apical medial angles (Fig. 42A), and the
parameres have narrow tips (Fig. 43A), while in those of northeastern Thailand and
western Laos the two parts of the median lobe have almost right apical medial angles
(Fig. 42B) and the parameres have rounded tips (Fig. 43B). Because some specimens
show an intermediate status and no other distinguishing character can be found, they
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are treated as geographic variations belonging to the same species. Molecular biological
studies are required to establish if they are different species within a complex.

Distribution. India: southern Andaman Islands; Myanmar: Chin and Shan states,
Saganing Division; Thailand: Chiang Mai, Chiang Rai (first record), Lampang (first
record), Lamphun, Mae Hong Son, Uttaradit (first record), Phetchabun (first record),
Bueng Kan (first record), Mukdahan, Nakhon Phanom (first record), Sakon Nakhon
(first record), Ubon Ratchathani (first record), and Kantchanaburi provinces, Khao
Yai NP [Nakhon Ratchasima or Nakhon Nayok Province]; Laos: Vientiane, Luang
Prabang (first record) and Khammouan provinces; China: Yunnan Province.

Microdytes mariannae Wewalka, 1997
Fig. 26

Microdytes mariannae Wewalka, 1997: 28; Wewalka 2011: 30; Nilsson and Hdjek
2023: 211.

Type locality. Thailand, Phetchabun Province, Nam Nao.

Material examined. TuarLanD: Phetchabun Province. 833, 1029, Lom Kao
District, Ban Noen St. 187 (alt. 1620 m), 20.1X.2020, R. Okada leg. (CGW, CRO,
THNHM) (Fig. 26); 243, 299, same locality, St. 294, 18.V1.2022, R. Okada Leg.
(CRO, THNHM).

Distribution. Thailand: Phetchabun and Loei provinces.

Microdytes menopausis Wewalka, 1997
Fig. 27

Microdytes menopausis Wewalka, 1997: 29; Wewalka 2011: 30; Nilsson and Hdjek
2023: 211.

Type locality. Thailand, Khao Yai NP

Material examined. ThaianD: Nakhon Phanom Province. 1d, 299, Bang
Phaeng District, Phai Lom St. 203 (alt. 200 m), 27.X11.2020, R. Okada leg. (CGW,
CRO); Sakon Nakhon Province. 12, Tao Ngoi District, Nan Tan St. 210 (alt. 310 m),
29.XI11.2020, R. Okada leg. (CRO) (Fig. 27); Ubon Ratchathani Province. 19, Nam
Yuen District, Dom Pradit St. 224 (alt. 190 m), 27.11.2021, R. Okada leg. (CGW);
1, Si Mueang Mai District, Nam Thaeng St. 241 (alt. 190 m), 23.V.2021, R. Okada
leg. (THNHM).

Laos: Khammouan Province. 18, Nakai-Nam Theun NPA, Ban Navang env.,
17°57-59'N, 105°13-16'E, alt. 600750 m, 18.-21.V.2012, NHMB Basel, Laos
2012 Expedition, M. Brancucci, M. Geiser, K. Phanthavong & S. Xayalath leg.
(NMB); Savannakhet Province. 3 exs., Phou Xang He NBCA, ca. 5 km SW Ban Pa
Phaknau, 17°00'N, 105°38'E, alt. 250-400 m, 31.V.—6.VI. 2011, NHMB Basel, Laos
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2011 Expedition, M. Brancucci, M. Geiser, D. Hauk, Z. Kraus, A. Phantala & E.
Vongphachan leg. (CGW, NMB).

Distribution. Thailand: Trat, Nakhon Phanom (first record), Sakon Nakhon (first
record), and Ubon Ratchathani (first record) provinces, Khao Yai NP [Nakhon Ratch-
asima or Nakhon Nayok Province]; Laos: Khammouan, Savannakhet (first record) and
Sekong provinces.

Microdytes paoloi Wewalka, 2011
Fig. 28

Microdytes paoloi Wewalka, 2011: 24; Nilsson and Héjek 2023: 211.

Type locality. Thailand, Phetchabun Province, Phu Hin Rongkla NP
Material examined. TaarLanD: Phetchabun Province. 1, paratypus, Phu Hin
Rongkla NP, small stream, alt. 1250 m (4), 25.XI1.1999, Mazzoldi leg. (CMW) (Fig. 28).
Distribution. Thailand: Phetchabun and Loei provinces.

Microdytes pasiricus (Csiki, 1938)
Fig. 29

Hydrovatus pasiricus Csiki, 1938: 126 (including var. simplicor and var. unicolor).
Microdytes pasiricus: Bistrdm et al. 1997: 75; Wewalka 1997: 30; Wewalka 2011: 30;
Freitag et. al. 2016: 185; Nilsson and Hdjek 2023: 212.

Type locality. Indonesia, Central Java, Sarangan near Lake Pasir.

Material examined. TaarLaND: Chiang Rai Province. 333, Wiang Kaen District,
Muang Yai St. 71 (alt. 440 m), 11.VIIL.2019, R. Okada leg. (CGW, CRO) (Fig. 29);
Chiang Mai Province. 299, Mae Chaem District, Tha Pha St. 166 (alt. 720 m),
15.VII1.2020, R. Okada leg. (CRO, THNHM).

Distribution. Thailand: Chiang Rai (first record), Chiang Mai (first record) and
Phetchabun provinces; Philippines: Busuanga, Luzon, Mindoro, Palawan; Singapore;
Indonesia: Java.

Microdytes pederzanii Wewalka, 2011

Fig. 30

Microdytes pederzanii Wewalka, 2011: 25; Nilsson and Héjek 2023: 212.
Type locality. Thailand, Phetchabun Province, Phu Hin Rongkla NP

Material examined. THAiLAND: Phetchabun Province. 299, Lom Kao District,
Ban Noen St. 187 (alt. 1620 m), 20.IX.2020, R. Okada leg. (CRO); Uttaradit Prov-
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ince. 1, 19, Nam Pad District, Phu Soi Dao NP, pine forest, 12.VIL.2020, T. Jeen-
thong leg. (THNHM) (Fig. 30).
Distribution. Thailand: Phetchabun and Uttaradit (first record) provinces.

Microdytes rocchii Wewalka, 2011
Fig. 31

Microdytes rocchii Wewalka, 2011: 26; Nilsson and Hajek 2023: 212.

Type locality. Laos, Khammuan Province, Ban Khoun Ngeun.

Material examined. Laos: Khammouan Province. 19, Ban Khon Ngeun,
18°07'N, 104°29'E, alt. ca 200 m, 19.-31.V.2001, Pacholitko leg. (CGW) (Fig. 31);
Savannakhet Province. 13, Phou Xang He NBCA, ca. 5 km SW Ban Pa Phaknau,
17°00'N, 105°38'E, alt. 250—400 m, 31.V.—6.VI. 2011, NHMB Basel, Laos 2011
Expedition, M. Brancucci, M. Geiser, D. Hauk, Z. Kraus, A. Phantala & E. Vong-
phachan leg. (NMB).

Distribution. Laos: Khammuan and Savannakhet (first record) provinces.

Microdytes schoedli Wewalka, 1997
Figs 32, 39B

Microdytes schoedli Wewalka, 1997: 33; Wewalka 2011: 31; Nilsson and Hdjek 2023: 212.

Type locality. Thailand, Phetchabun Province, Nam Nao NP,

Material examined. TaarLanp: Chiang Mai Province. 29 @, Chiang Dao Dis-
trict, Ping Khong St. 226 (alt. 430 m), 20.111.2021, R. Okada leg. (CRO); Lampang
Province. 1, 19, Thoen District, Mae Pa St. 197 (alt. 200 m), 15.X1.2020, R.
Okada leg. (CRO); Mae Hong Son Province. 184, Pai District, Thung Yao St. 50
(ale. 610 m), 15.VL1.2019, R. Okada leg. (CRO); 24d, 299, Muang Mae Hong
Son District, Pha Bong St. 250 (alt. 480 m), 13.V1.2021, R. Okada leg. (CGW,
CRO) (Fig. 32); Phetchabun Province. 1, 299, Lom Sak District, Nam Chun
St. 296 (alt. 200 m), 19.V1.2022, R. Okada leg. (CRO); Kanchanaburi Province.
243, 12, Si Sawat District, Khao Chot St. 27 (alt. 420 m), 12.1.2019, R. Okada
leg. (CRO); 19, same district, Na Suan St. 28 (alt. 310 m), 12.1.2019, R. Okada
leg. (CRO).

Laos: Khammouan Province. 1, 299, Nakai-NamTheun NPA, Ban Navang
env.,, 17°57-59'N, 105°13-16'E, alt. 600750 m, 18.-21.V.2012, NHMB Basel,
Laos 2012 Expedition, M. Brancucci, M. Geiser, K. Phanthavong & S. Xayalath leg.
(NMB); Savannakhet Province. 14, Phou Xang He NBCA, ca. 5 km SW Ban Pa
Phaknau, 17°00'N, 105°38'E, alt. 250-400 m, 31.V.—6.VI. 2011, NHMB Basel, Laos
2011 Expedition, M. Brancucci, M. Geiser, D. Hauk, Z. Kraus, A. Phantala & E.
Vongphachan leg. (NMB).
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Distribution. Thailand: Chiang Mai, Lampang (first record), Mae Hong Son
(first record), Phetchabun, Tak, Mukdahan, and Kanchanaburi (first record) provinces;
Laos: Khammouan (first record), Savannakhet (first record) and Sekong provinces.

Microdytes schwendingeri Wewalka, 1997
Figs 34, 40B

Microdytes schwendingeri Wewalka, 1997: 36; Wewalka 2011: 37; Nilsson and Hdjek
2023: 212.

Type locality. Thailand, Sakon Nakhon Province, Phu Pan NP.

Material examined. TaarLaND: Nakhon Phanom Province. 13, 19, Bang Phaeng
District, Phai Lom St. 203 (alt. 200 m), 27.X11.2020, R. Okada leg. (CRO, THN-
HM) (Fig. 34).

Laos: Savannakhet Province, 19, Phou Xang He NBCA, ca. 5 km SW Ban Pa
Phaknau, 17°00'N, 105°38'E, alt. 250-400 m, 31.V.~6.VI1. 2011, NHMB Basel, Laos
2011 Expedition, M. Brancucci, M. Geiser, D. Hauk, Z. Kraus, A. Phantala & E.
Vongphachan leg. (NMB); Champasak Province. 243, 12, Bolavens Plateau, water-
fall ca. 2 km E Tad Katamtok, 15°08.1'N, 106°38.8'E, alt. 415 m, 10.-12.V.2010, J.
Hijek leg. (CGW, NMDP).

Comments. Some specimens from Laos have less distinct elytral markings but no
other differences from typical specimens have been observed.

Distribution. Thailand: Nakhon Phanom (first record) and Sakon Nakhon prov-
inces; Laos (first record): Savannakhet and Champasak provinces.

Microdytes shepardi Wewalka, 1997
Fig. 35

Microdytes shepardi Wewalka, 1997: 37; Wewalka 2011: 33; Nilsson and Hdjek
2023: 212.

Type locality. Thailand, Phetchabun Province, Nam Nao NP,

Material examined. THarLaND: Chiang Mai Province. 18,19, Chiang Dao Dis-
trict, Ping Khong St. 226 (alt. 430 m), 20.111.2021, R. Okada leg. (CRO); Chiang Rai
Province. 13, Wiang Kaen District, Muang Yai St. 71 (alt. 440 m), 2.VIIL.2019, R.
Okada leg. (CRO); Uthai Thani Province. 53, 29 @, Ban Rai District, Kaen Makrut
St. 128 (alt. 440 m), 20.V1.2020, R. Okada leg. (CGW, CRO, THNHM) (Fig. 35).

Laos: 1d, Luang Prabang Province, Thong Khan, 19°35'N, 101°58'E, alt. ca.
750 m, 11.-12.V.2002, V. Kubén leg. (NMB).

Distribution. Thailand: Chiang Mai, Chiang Rai (first record), Mae Hong Son,
Phetchabun, Uthai Thani (first record), Chaiyaphum and Sakon Nakhon provinces;
Laos: Luang Prabang Province; China: Yunnan Province.
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Microdytes shunichii Sato, 1995
Fig. 36

Microdytes shunichii Satd, 1995: 313; Wewalka 1997: 38; Wewalka 2011: 33; Nilsson
and Hdjek 2023: 212.

Microdytes holzmanni Wewalka & Wang, 1998: 66.

Microdytes holzmannorum: Nilsson 2007: 51 (as unjustified emendation of holzmanni).

Type locality. Vietnam, Vinh Phuc Province, Mt. Tam Dao.

Material examined. THA1LAND: Phetchabun Province. 19, Lom Kao District, Ban
Noen St. 187 (alt. 1620 m), 20.1X.2020, R. Okada leg. (CRO); 333, 299, same
locality, St. 294, 18.V1.2022, R. Okada leg. (CGW, CRO, THNHM).

Laos: Luang Namtha Province. 62 exs., 10 km E Muang Sing, Ban Oudom-
sinh / B. Nam Det / B. Nam Mai, 21°09-10'N, 101°13-15'E, 750-1400 m, 14.—
20.V.2011, NHMB Basel, Laos 2011 Expedition, D. Hauk & M. Geiser (CGW,
CRO, NMB, NMP) (Fig. 36); Luang Prabang Province. 18,5 km W Ban Song Cha,
20°33-34'N, 102°14'E, 1200 m, 24.-30. IV.1999, V. Kubén leg. (NMB); Kham-
mouan Province. 23'&, Nakai-Nam Theun NPA, Ban Navang env., 17°57-59'N,
105°13-16'E, alt. 600-750 m, 18.-21.V.2012, NHMB Basel, Laos 2012 Expedi-
tion, M. Brancucci, M. Geiser, K. Phanthavong & S. Xayalath leg. (NMB); Savanna-
khet Province. 19, Phou Xang He NBCA, ca. 5 km SW Ban Pa Phaknau, 17°00'N,
105°38'E, alt. 250-400 m, 31.V. — 6.VI. 2011, NHMB Basel, Laos 2011 Expedi-
tion, M. Brancucci, M. Geiser, D. Hauk, Z. Kraus, A. Phantala & E. Vongphachan
leg. (CGW, NMB, NMP); Attapeu Province. 14,19, Dong Amphan National Bio-
Diversity Conservation Area, Nong Fa (crater lake) env., 15°05.9'N, 107°25.6'E,
alt. ca. 1160 m, 30.IV.-6.V.2010, J. Hdjek leg. (NMP); 12, Thong Kai Ohk, Ban
KaChung (Mai) env., 15°01-02'N, 107°26-27'E, 1200-1450 m, 10.-24.V1.2011,
NHMB Basel Laos 2011 Expedition, M. Geiser, D. Hauk, A. Phantala & E. Vong-
phachan leg. (NMB).

Distribution. Thailand: Nan, Chiang Mai, and Phetchabun (first record) prov-
inces; Laos: Phongsali (first record), Luang Namtha (first record), Oudomxai, Luang
Prabang (first record), Vientiane, Khammouan, Savannakhet (first record), and At-
tapeu (first record) provinces; China: Yunnan Province, Hong Kong; Vietnam: Vinh
Phuc Province.

Microdytes wewalkai Bian & Ji, 2009

Microdytes wewalkai Bian & Ji, 2009: 37; Wewalka 2011: 36; Nilsson and Hdjek
2023: 212.

Type locality. China, Hainan, Lingtou (Ledong) County, Jianfengling NR.
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Material examined. Laos: Attapeu Province. 30, 29 @, Dong Amphan National
Bio-Diversity Conservation Area, Nong Fa (crater lake) env., 15°05.9'N, 107°25.6'E,
alt. ca. 1160 m, 30.IV.-6.V.2010, J. Hdjek leg. (CGW, NMP).

Comments. Specimens from Laos have two transverse yellowish red markings on
both sides of the middle of pronotum while in specimens from China (Hainan) it is
completely black, but no other differences have been observed.

Distribution. Laos (first record): Attapeu Province; China: Hainan Province.

Microdytes zetteli Wewalka, 1997
Fig. 37

Microdytes zetteli Wewalka, 1997: 41; Wewalka 2011: 34; Nilsson and Hdjek
2023: 212.

Type locality. Thailand, Chiang Mai Province, Doi Suthep.

Material examined. THATLAND: Chiang Mai Province. 12 exs., Mae Taeng Dis-
trict, Pa Pae St. 49 (alt. 1000 m), 15.V1.2019, R. Okada leg. (CGW, CRO, THN-
HM); 233, Mae Chaem District, Tha Pha St. 136 (alt. 720 m), 4.VI1.2020, R. Okada
leg. (CGW, CRO); 18, same locality St. 166 (alt. 720 m), 15.VII1.2020, R. Okada
leg. (THNHM) (Fig. 37); Chiang Rai Province. 19, Wiang Kaen District, Muang Yai
St. 71 (alt. 440 m), 2.VII1.2019, R. Okada leg. (CRO).

Laos: 4 exs., Luang Prabang Province, 5 km W Ban Song Cha, 20°33—4'N,
102°14'E, alt. ca. 1200 m, 1.-16.V.1999, V. Kubdn leg. (CGW, NMB).

Distribution. Myanmar: Shan State; Thailand: Chiang Mai, Chiang Rai (first re-
cord) and Mae Hong Son provinces; Laos: Luang Prabang Province.

Additional species known from Thailand, Laos, or Cambodia

Microdytes schoenmanni Wewalka, 1997
Fig. 33

Microdytes schoenmanni Wewalka, 1997: 34; Miller and Wewalka 2010: 35; Wewalka
2011: 31; Nilsson and Héjek 2023: 212.

Type locality. Thailand, Trat Province, Koh Chang Island, Klong Prao.

Material examined. Myanmar: 1&, Shan State, N Aungban, halfway between
Pindaya and Ye'ngan, 20°58.271'N, 96°32.488'E, ca. alt. 1241 m, stream, 10.V1.2004,
Shaverdo leg. (CGW) (Fig. 33).

Distribution. India: Darjeeling; Nepal; Myanmar: Chin and Shan states, Sagan-
ing and Tanintharyi divisions; Thailand: Trat Province, Khao Yai NP [Nakhon Ratch-
asima or Nakhon Nayok Province]; Laos: Attapeu Province; China: Yunnan Province.
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Checklist of the species of Microdytes from Thailand, Laos, and Cambodia

Microdytes akitai Wewalka, 1997 Laos

Microdytes balkei Wewalka, 1997 Thailand, Laos, Cambodia

Microdytes dimorphus Wewalka, 1997 Thailand

Microdytes eliasi Wewalka & Okada, sp. nov. Thailand, Cambodia

Microdytes franzi Wewalka & Wang, 1998 Laos

Microdytes gabrielae Wewalka, 1997 Thailand

Microdytes heineri Wewalka, 2011 Thailand, Laos, China

Microdytes jeenthongi Okada & Wewalka, sp. nov. Thailand

Microdytes maculatus (Motschulsky, 1860) India, Myanmar, Thailand, Laos, China
Microdytes mariannae Wewalka, 1997 Thailand

Microdytes maximiliani Wewalka & Okada, sp. nov. Laos, China

Microdytes menopausis Wewalka, 1997 Thailand, Laos

Microdytes paoloi Wewalka, 2011 Thailand

Microdytes pasiricus (Csiki, 1938) Thailand, Philippines, Singapore, Indonesia
Microdytes pederzanii Wewalka, 2011 Thailand

Microdytes rocchii Wewalka, 2011 Laos

Microdytes schoedli Wewalka, 1997 Thailand, Laos

Microdytes schoenmanni Wewalka, 1997 India, Nepal, Myanmar, Thailand, Laos, China
Microdytes schwendingeri Wewalka, 1997 Thailand, Laos

Microdytes sekaensis Okada & Wewalka, sp. nov. Thailand, Laos

Microdytes shepardi Wewalka, 1997 Thailand, Laos, China

Microdytes shunichii Satd, 1995 Thailand, Laos, China, Vietnam

Microdytes ubonensis Okada & Wewalka, sp. nov. Thailand, Laos

Microdytes wewalkai Bian & Ji, 2009 Laos, China

Microdytes zetteli Wewalka, 1997 Myanmar, Thailand, Laos

Key to the species of Microdytes from Thailand, Laos, and Cambodia

1

NS

[N}

Elytron with a distinct impression on lateral side in anterior third (Fig. 38); TL:
1.60-2.00 MM c.oviiiiiiiieinieeeeeneee e M. maximiliani sp. nov.
Elytron without impression on lateral side ........cccevveoiniinncnniicnincnces 2
Punctures on metacoxae very coarse (Fig. 39B) to moderately coarse (Fig. 39C)...3
Punctures on metacoxae fine (Fig. 39D) or very fine (Fig. 39E) ................... 18
Elytra with two postmedian longitudinal bands (Fig. 28); TL: 1.90-2.00 mm..
......................................................................................................... M. paoloi
Elytra without longitudinal band ...........ccocoooiiniiiicce 4
Pronotum dark brown to black with a transverse reddish-brown band on each
side. TL: 1.90—2.10 MM c.eeovieerieriereeeeeeeeeeteeereeere e eaee e eereere e M. wewalkai
Pronotum without transverse band ...........c.cocceeveeieeieiieie e 5
Body oval or thomboid (Figs 20, 24, 27, 29, 35); medium to large species TL:
T.40=2.10 MM ecuttiiitiiiitii ettt ettt e e e et e e e e e et e eeteeeteeeeteeereeereeeareeeaneas 6
Body oval; small species TL: 1.30—1.40 MM ..c..ocovvivieieinieniiininieieeeenennen 11
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Elytra without a post-median spot near SULUIE ..........cceervrrrueieucenirieeerereeenes 7
Elytra with a post-median Spot near SUtUre ..........ccccceveueueueiriririeereerininennes 13
Pronotum predominantly reddish brown to dark brown; metacoxae of male
with distinct setae (Fig. 39A); TL: 1.85-1.95 mm ....cccovvvvvveucncnnene. M. heineri
Pronotum predominantly yellowish brown; metacoxae without setae.............. 8
Body regularly oval; cypeus not bordered; TL: 1.70-2.00 mm........ M. shepardi
Body rhomboid; clypeus bordered at least in the middle.......c.ccccoeeiiiinnes 9
Elytra predominantly yellowish brown; clypeus rounded and finely bordered;
TL: 1.40—1.60 MM ..euviniiiiiiiiiiieientcieteeseeeee et M. pasiricus
Elytra predominantly dark brown; clypeus straightened and slightly bordered in
the middle (Fig. 400C) ......cueuiiiiiiiiiiiiiiecceee e 10
Apical three sternites distinctly punctured; the coarser punctures on the elytra
similar in size; TL: 1.75-1.85 MM .covveinieininiciniciecenece M. dimorphus
Apical three sternites almost without punctures; the coarser punctures on the
elytra distinctly of two kinds; TL: 1.40-1.70 mm .......ccccevueneee M. menopausis

Body oblong oval; pronotum predominantly dark brown; TL: 1.25-1.40 mm....
.......................................................................................... M. ubonensis sp. nov.

Body broadly oval; pronotum predominantly yellowish brown ..................... 12
Elytral markings with distinct transversal band at the base and without a post-
median spot near the suture; TL: 1.30-1.40 mm.................. M. schwendingeri
Elytral markings with two indistinct spots at the base and with a post-median
spot near the suture; TL: 1.34-1.36 mm......cccccovvvrueneneeee. M. sekaensis sp. nov.
Elytral punctures consisting of one kind ..........cccccovviiiiiinnnnciiiine, 14
Elytral punctures consisting of two kinds (e.g., Fig. 32) ..ccccoovvveiiinnnne, 15

Body regularly oval; the two parts of the median lobe obtuse to right apical
medial angles but not expanded laterally at apex; the tips of paramere narrow to
rounded but not constricted; TL: 1.60—1.90 MM....ccevvveveeeeeenn.... M. maculatus
Body more regularly oval; the two parts of the median lobe expanded later-
ally at apex; the tips of paramere constricted; TL: 1.64—1.85 mm................
....................................................................................... M. eliasi sp. nov.
Body oblong oval; TL: 1.90-2.15 mm .....cccccevuiiiiiiiniiiiiiiciinne M. schoedli
Body regularly oval ..o
Elytral marking near the base indistinct; bigger punctures on elytra coarser; TL:
1.60—1.75 MM ..ttt M. pederzanii
Elytral marking near the base distinct; bigger punctures on elytra less coarse.....

Post-median spot near the suture rounded; TL: 1.80-1.85 mm ....... M. rocchii
Post-median spot near the suture longitudinal; TL: 2.10-2.25 mm ..................
................................................................................................. M. mariannae

Body oblong oval; TL: 1.70-1.80 mm ....c.cccvviviruereriiiiniiieicnceene M. balkei
Body regularly oval ..........cccooiiiiiii 19
Elytral marking near the base indistinct and small spot; TL: 1.45-1.55 ............
..................................................................................................... M. gabrielae
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20 Elytral marking dilated or waved at the shoulder; TL: 1.40-1.65 mm........... 21
- Elytral marking broad transverse band at the shoulder; TL: 1.60-1.90 mm....22
21 Head dark brown; pronotum dark brown; TL: 1.40-1.60 mm .......... M. franzi

- Head yellowish brown; pronotum reddish brown; 1.40-1.65 mm....................
.............................................................................................. M. schoenmanni
22 Pronotal punctures coarser; elytral punctures stronger; TL: 1.60-1.70 mm.......

.......................................................................................................... M. akitai
- Pronotal punctures spacer; elytral punctures finer .......cccoceveervcrinccnecnnnen. 23
23 Pronotum predominantly yellowish brown; elytral punctures fine but distinct;
TL: 1.65-1.90 MM ..eotiiiiiiiiicicieeeeeeeee s M. shunichii
- Pronotum predominantly reddish brown; elytral punctures very fine and very
SPALSE 1.eeveaventettatetentete st ettt et et et a ettt b et b e e a et e b bt s bt neenen e 24

24 Head moderately finely and sparsely punctured; TL: 1.55-1.70 mm.... M. zetteli
- Head finely and sparsely punctured; TL: 1.79-1.82 mm.... M. jeenthongi sp. nov.

Discussion

Distribution patterns

The discovery of five new species with three first country records and 40 first regional
records from Thailand, Laos, and Cambodia shows how poorly the Dytiscidae fauna
of these countries is known. The data on species diversity of Microdytes species are
summarized in Table 1 and Fig. 44. A total of 25 Microdytes species were recorded
from these three countries. Among the recorded species, 20 are known from Thailand,
17 from Laos, and two from Cambodia; 16 species (64%) are known to occur only
from those three countries, whereas nine species (36%) are also recorded in adjacent
countries. This result makes Thailand and Laos the most and second-most fauna-rich
countries for this genus.

In view of species diversity by ecoregions, LUA has the highest number of species (13
species, 52% of total fauna). This region comprises four species which occur only in one
ecoregion. NAN has the second highest number of species (10 species, 40%), including
the two new species M. sekaensis sp. nov. and M. ubonensis sp. nov. KAY, NIN, SEI, and
CIN also have high numbers of species (8 species, 32%), including M. jeenthongi sp.
nov., M. maximiliani sp. nov., M. ubonensis sp. nov., and M. eliasi sp. nov., respectively.

The distribution pattern of Microdytes species recorded from the three countries
represents four types: 1) widespread type, occurring throughout continental South-
east Asia to adjacent countries (5 species, 20%); 2) northern type, distributed mainly
from northern Thailand and Laos to adjacent countries (9 species, 36%); 3) central
type, recorded only from northeastern Thailand to southern Laos (6 species, 24%); 4)
eastern type, occurring in northeastern and eastern Thailand and southern Laos (5 spe-
cies, 20%). The conclusions made above are not definitive because there are still many
unexplored areas.
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% Microdytes maximiliani nov.

M. schoenmanni
© M dimorphus  ® M. wewalkai

© M. menopausis

Figure 44. Distribution map of Microdytes species in Thailand, Laos, and Cambodia.

Most of the Microdytes specimens examined in this study were collected at lotic
habitats associated with running water flowing under primary or secondary forests,
and many species were sympatric. At one locality of Tha Pha, northern Thailand, lo-
cated at Kayah-Karen montane rain forests, four species were collected from the same
small stream (Fig. 46). In this stream, M. maculatus, which shows a wide distribution,
was found at several sites: at the edge of a water body, among roots of trees in the gaps
between stone and gravel. The other species, however, were collected only in restricted
areas: M. jeenthongi sp. nov. from a shallow, relatively fast-flowing area where tree roots
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Figures 45-48. Collecting localities of Microdytes species in Thailand 45 Ban Kaeng, Sa Kaeo Province,
one of the localities of M. eliasi sp. nov. 46 Tha Pha, Chiang Mai Province, type locality of M. jeenthongi
sp. nov. 47 Ban Tong, Bueng Kan Province, type locality of M. sekaensis sp. nov. 48 Nam Thaeng, Ubon
Ratchathani Province, type locality of M. ubonensis sp. nov.

were exposed at bottom of the river, M. zetteli from calm pool areas associated with
slowly running water, and M. pasiricus among gravel under big stones in fast streams.
Although our field surveys were conducted only two times at this site, it is worth not-
ing that M. jeenthongi sp. nov. and M. zetteli, which morphologically resemble each
other, were collected each time at the same places which are only one meter from each
other. This result suggests that microhabitat preferences for some Microdytes species are
very strict, and it may lead to the discovery of the richest fauna in this area.

Unlike the northern region of Thailand, where diving beetle surveys have been
carried out relatively many times (e.g., by Dr. William D. Shepard, Dr. Manfred A.
Jach, Dr. Herbert Zettel; pers. comm.), a large part of this country remained poorly ex-
plored, especially Isan (northeastern region) and the eastern regions. Our study detect-
ed three new Microdytes species from these unexplored areas. From the southern region
no Microdytes species have been reported so far, although two species (Microdytes elgae
Hendrich, Balke & Wewalka, 1995 and M. pasiricus) were recorded from Singapore,
situated at the southern end of the Malay Peninsula (Wewalka 1997; Hendrich et al.
2004). Further new species can be expected from Thailand, particularly by collecting
in unexplored provinces and repeated sampling at the microhabitat levels.
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Abstract

Chromadorina communis sp. nov. is described from Changdao Island at the confluence of the Yellow
and the Bohai seas. The new species is characterized by its medium-sized body; finely striated cuticle
with homogeneous punctations; absence of ocelli; buccal cavity with three equal-sized, solid teeth; four
cephalic setae; oval amphidial fovea which is positioned between cephalic setae; curved spicules with ta-
pered distal ends; simple, boat-shaped gubernaculums; five or six cup-shaped precloacal supplements; and
conical tail with a very short spinneret. A phylogenetic analysis of small subunit rRNA gene sequences
using maximum-likelihood and Bayesin inference confirmed the taxonomic position of Chromadorina
communis sp. nov. within Chromadorinae. Tree topology in Chromadorida shows six morphological fam-
ilies clustered into a monophyletic clade and verifies the taxonomic position of the family Neotonchidae
based on morphological and molecular analysis.
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Introduction

Nematodes are one of the most widely distributed and diverse groups of the animal
phyla, and half a million to 10 million nematode species have been estimated (Hodda
2022). However, a large number of species remain undescribed. Phylogenetic analyses
based on molecular sequences, especially the small subunit rRNA gene (SSU), com-
bined with morphological characters has updated the classification of Nematoda (De
Ley and Blaxter 2002, 2004), revealed relationships among nematode groups (Holter-
man et al. 2006; Meldal et al. 2007), and elucidated the transition between marine,
freshwater, and terrestrial different habitats (Holterman et al. 2008, 2019). However,
due to the scarcity of nematode sequences, especially those of marine nematodes, rela-
tionships among nematodes are far from understood.

Species of the order Chromadorida Chitwood, 1993 are mainly marine species,
and freshwater and limnetic—terrestrial species are also present among them. The
Chromadorida are characterized by the combined characters of a punctate cuticle
and a female reproductive system with reflexed ovaries (Lorenzen 1981), which
distinguish this order from other nematode orders. Lorenzen (1994) summarized
the superfamily Chromadoroidea (corresponding to Chromadorida) systematically
and gave a phylogenetic analysis of this group based on morphological features.
Tchesunov (2014) reviewed the six families of Chromadorida and provided diag-
noses of the families and genera; he listed Chromadoridae with five subfamilies and
38 genera, Cyatholaimidae with four subfamilies and 21 genera, Achromadoridae
with a single genus (Achromadora), Ethmolaimidae with three genera, Neotonchi-
dae with six genera, and Selachinematidae with two subfamilies and 11 genera.
Venekey et al. (2019) reviewed the family Chromadoridae, provided polytomous
identification keys for subfamilies and genera, listed valid species of each genus, and
provided a phylogenetic analysis based SSU rRNA gene sequences of 11 genera and
large subunit (LSU) rRNA gene sequences of eight genera. Phylogenetic relation-
ships within Chromadorida based on full-length sequences of the SSU rRNA gene
has been analyzed for 4 families by Holterman et al. (2008) and six families (22
genera) by Leduc et al. (2017). As more Chromadorida SSU rRNA gene sequences
have been deposited in the GenBank, an updated and more detailed phylogenetic
analysis is needed.

Until now, 29 species of Chromadorina Filipjev, 1918 have been described, among
which 25 species are marine and four are limnetic (C. astacicola W. Schneider, 1932,
C. bercziki Andréssy, 1962, C. bioculata (Schultze, 1857) Wieser, 1954, and C. viridis
(Linstow, 1876) Wieser, 1954). A new species, C. communis sp. nov., is described here
and a molecular phylogeny based on SSU rRNA gene sequences within Chromadora
is analyzed. The new species was found during a study of the diversity of free-living
marine nematodes of Changdao Island. This is the first new species of Chromadorina

from the China Sea.
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Materials and methods
Sample collection and nematode identification

From Changdao Island in June 2022, undisturbed samples were collected from rock
surfaces with Ulva lactuca and U. prolifera (Fig. 1). Samples used for morphological
analysis were fixed with 10% formalin in seawater, and samples used for molecular
analysis were fixed with 95% alcohol. In the laboratory, sediment samples fixed with
formalin were washed through two sieves (mesh sizes 500 pm and 45 pm) to separate
meiofauna from macrofauna larger than 500 pm. Meiofauna were transferred into a
grid-lined Petri dish and sorted under a stereoscopic microscope. Nematodes were
transferred into a mixture of ethanol (50%) and glycerin (ratio 1:9 by volume), the
ethanol was allowed to slowly evaporate (McIntyre and Warwick 1984), and the speci-
mens were mounted in glycerin on permanent slides. Descriptions were made using an
Axiscope-5 differential interference contrast microscope (Zeiss, Germany). Line draw-
ings were made with the aid of iPad (Apple, USA), and photographs were taken with
the aid of ZEN software (Zeiss).

DNA extraction, PCR amplification, and phylogenetic analysis

Samples used for molecular analysis were washed and separated as with forma-
lin-fixed samples. Species of C. communis sp. nov. were selected and confirmed on
the temporary slides based mainly on buccal cavity, spicules, and numbers of pre-
cloacal supplements. Genomic DNA of seven nematode specimens were extract-
ed with DNeasy Blood & Tissue kit (Qiagen, Germany) and used as templates of
nearly full-length SSU rRNA gene amplification with two sets of primers, 1096F
(5 — GGT AAT TCT GGA GCT AAT AC - 3) / 1912R (5 - TTT ACG GTC
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AGA ACT AGG G - 3) and 1813F (5 - CTG CGT GAG AGG TGA AAT - 3’)
/2646R (5 - GCT ACCTTG TTA CGA CTT TT - 3’) (Holterman et al. 2006).
PCR was conducted as described by Zhao et al. (2015). The PCR product was se-
quenced by Genewiz (China). The sequences were assembled in Genious v. 6.1.2. The
new SSU sequence was deposited in GenBank under accession number OP680597.
Near full-length SSU rRNA sequences of Chromadorida and Desmodorida (genus
Prodesmodora Micoletzky, 1923) were retrieved from GenBank with BLAST; other
sequences in GenBank from Chromadorida and longer than 600 bp were also used in
the phylogenetic analysis.

Sequences were aligned with the Clustal W algorithm, and the final alignment
consisted of 76 sequences from 34 genera. Substitution models of (GTR (general time-
reversible) + G (gamma distribution) + I (proportion of invariable sites)) were selected
as the best-fit model for SSU alignments. A ML analysis was performed with Mega X
with 1000 bootstrap replicates. A BI analysis was constructed with CIPRES (http://
www.phylo.org/) and MrBayes on XSEDE v. 3.2.7a was used; the trees were run with
chain length of 10,000,000, burn-in frac = 0.25, and the analysis was rooted with
Enoplolaimus sp. (accession number KR265034). The topology of the resulting tree
was viewed in FigTree v. 1.4.3 and edited with PowerPoint.

Results and discussion
Taxonomy

Order Chromadorida Chitwood, 1933
Family Chromadoridae Filipjev, 1917
Genus Chromadorina Filipjev, 1918

Chromadorina communis sp. nov.
https://zoobank.org/63F40161-62AA-4836-8F27-9AAF48185A28
Figs 2, 3, Table 1

Diagnosis. Chromadorina communis sp. nov. is characterized by its medium-sized
body, finely striate cuticle with punctuations, buccal cavity with three equally sized
teeth, absent ocelli, four cephalic setae 6-8 um long, oval amphidial fovea level with
cephalic setae, curved spicules with tapered distal end, boat-shaped gubernaculums,
five or six cup-shaped precloacal supplements, and a conical tail with a short spinneret.

Material examined. Four males and two females were measured and studied.
Holotype: m#1 on slide 22YTCDG-2-17; paratypes: m#2 on 22YTCDG6-2-15, m#3
on 22YTCD6-2-18, m#4 on 22YTCDG6-2-11, f#1 on 22YTCDG6-2-1, and f#2 on
22YTCDG6-2-18. Type specimens were deposited in the Institute of Oceanology, Chi-
nese Academy of Sciences, Qingdao.

Measurements. Detailed measurements information of individual specimens are
shown in the Table 1.
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Table I. Measurements of Chromadorina communis sp. nov. (in um except for ratios).

Characters Holotype Paratypes Paratypes

male males (z = 3) females (n = 2)
Total body length 711 741.0 £ 73.6 (696-851) 753.5 £ 47.4 (720, 787)
Maximum body diameter 32 27.8 £2.9 (26-32) 31.5 £ 0.7 (31, 32)
Head diameter 11 10.5 £ 0.6 (10-11) 10.5 £ 0.7 (10, 11)
Length of cephalic setae 8 6.5+ 1.0 (6-8) 6.5%0.7(6,7)
Diameter of amphidial fovea 5 4.5 % 0.6 (4-5) 5.0£0.0(5,5)
Amphidial fovea* 2 2.5+ 0.6 (2-3) 2.0+0.0(2,2)
Nerve ring* 71 71.5 £ 4.7 (67-78) 72.0 £ 0.0 (72, 72)
Body diameter at nerve ring 24 21.8 £ 1.5 (21-24) 21.5+0.7 (21, 22)
Pharynx length 119 122.5 £5.1 (118-129) 125.5 £ 4.9 (122, 129)
Pharynx bulb length 26 24.8 + 1.5 (23-26) 27.5+0.7 (27, 28)
Body diameter at the base of pharynx 28 24.5 + 2.4 (23-28) 25.5 0.7 (25, 26)
Anal body diameter 22 22.0 + 1.4 (21-24) 17.5 + 2.1 (16, 19)
Spicules length along arc 28 27.5+ 0.6 (27-28) -
Gubernaculum length 17 17.5 £ 1.3 (16-19) -
Vulva* - - 360.0 + 11.3 (352, 368)
Body diameter at vulva - - 31.5£0.7 (31, 32)
V% - - 47.9 + 1.5 (46.8, 48.9)
Precloacal supplements 5 5.5+ 0.6 (5-6) -
Tail length 89 92.0 £ 5.7 (87-100) 115.5 £ 12.0 (107, 124)
a 222 26.9 + 3.8 (22.2-27.1) 23.9 £ 1.0 (23.2, 24.6)
b 6.0 6.1+ 0.4 (5.6-6.6) 6.0 £0.1(5.9,6.1)
c 8.0 8.1+ 0.3 (7.7-8.5) 6.5+ 0.3(6.3,6.7)
c 4.0 4.2 +0.2 (4.0-4.4) 6.6 + 0.1 (6.5,6.7)

Abbreviations are as follows: a = body length/maximum body diameter; b = body length/pharynx length; ¢ = body length/tail length;
¢ = tail length/anal body diameter; V% = position of vulva from anterior body end expressed as a percentage of total body length.
*Distance from anterior body end.

Description. Males. Body cylindrical and medium-sized. Inner and outer cephalic
setae inconspicuous. Four cephalic setae 6-8 pm in length (0.55-0.73 head diameter
long), two pairs of sublateral cervical setae (45 pm long) present. Somatic setae (3—4 pm
long) scarcely present in pharynx and on caudal region. Cuticle faintly striate, with ho-
mogeneous punctuations without longitudinal differentiation. Ocelli absent. Amphidial
fovea oval, level with cephalic setae, in some specimens difficult to observe. Buccal cavity
slightly cuticularized and funnel-shaped, with three equally sized, solid teeth. Pharynx cy-
lindrical, with posterior end widened into obvious bulb (20.1-21.8% of pharynx length).
Nerve ring slightly posterior to middle pharynx region (54-63% of pharynx length).
Secretory—excretory system pore on anterior end of body (3—4 pm from anterior end).

Reproductive system monorchic, with anterior testis outstretched, located to right
of intestine. Spicules paired, curved, 1.2-1.3 cloacal body diameters long; proximal
end slightly cephalate and distal end tapered. Gubernaculum simple, boat-shaped, par-
allel to the distal end of spicules. Five or six cup-shaped precloacal supplements, 12 pm
from cloacal opening and 12-16 pm apart. Tail conical, with short spinneret, with
three caudal glands in line.

Females. Similar to males in most characteristics. Reproductive system didelphic and
amphidelphic, with reflexed ovaries. Anterior ovary to right of intestine and posterior
ovary to left of intestine. Vulva slightly anterior to mid-body. Vagina short and sclerotized.
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Figure 2. Chromadorina communis sp. nov. A lateral view of male anterior region showing buccal cavity and
pharyngeal region (holotype) B lateral view of male anterior region showing buccal cavity (holotype) € lateral
view of male anterior region showing cuticle and amphids (holotype) D lateral view of male whole body (hol-
otype) E lateral view of female anterior body showing buccal cavity and pharyngeal region (22YTCD6-2-1)
F lateral view of female entire body showing vulva (22YTCD6-2-1) G lateral view of female posterior body
(22YTCD6-2-1) H lateral view of male posterior body, showing precloacal supplements and tail (holotype)
I lateral view of spicules and gubernaculums. Scale bars: 20 pm (A=C, E); 50 pm (D, F); 30 pm (G, H).

Typelocality and habitat. Changdao Island, Shandong Province, China, 37°57'N,
120°43'E, at the confluence of the Yellow and the Bohai seas. Salinity 28.1%o0 + 0.36.
Distribution. Occurred on rock surfaces with Ulva lactuca and U. prolifera.
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Figure 3. Chromadorina communis sp. nov. A lateral view of male anterior region showing buccal cavity
and teeth (arrow) (holotype) B lateral view of male anterior region showing cuticle (holotype) C lateral
view of female anterior region showing amphids (arrow) and cephalic setae (22YTCD6-2-1) D-F lateral
view of male posterior body showing spicules, precloacal supplements, and gubernaculum (holotype).
Scale bars: 20 pm.

Etymology. Latin, communis, “common”.

Differential diagnosis. Chromadorina communis sp. nov. is similar to the cul-
tured species C. hirommi Kito & Nakamura, 2001 in body length, length of cephalic
setae, and numbers of precloacal supplements, but it differs in tooth shape (three
equally sized teeth vs dorsal tooth large and subventral teeth small), absence of ocelli
(brownish pigment present in C. hirommi), position of excretory pore (0.3 head di-
ameter from anterior body end vs 1.8 head diameter from anterior body end), spic-
ule length and shape (27-28 pm, distal end tapered vs 22-25 um, distal end blunt
and bifurcate), and gubernaculum shape (slightly cuticularized and boat-shaped vs
well cuticularized with wavy dorsal fringe, distal parts of lateral pieces distinct and
directed ventrad).
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Eleven sequences of Chromadorina are included in the phylogenetic analysis, but
only three species (C. bioculata, C. germanica, and C. communis sp. nov.) are identified
to species, and C. bioculata was found in freshwater. Chromadorina communis sp. nov.
shows a close relationship with Chromadorina sp. (KJ636255), but it differs by 3.1%
(52 in 1678 bp, including three gaps). Chromadorina communis sp. nov. is supported
as a new species by both phylogenetic and morphological analyses.

Molecular phylogenetic relationships and analysis

The ML topology obtained with the SSU rRNA gene sequence is in accordance with
the BI topology, and only the BI tree is shown (Fig. 4). The main Chromadorida clade
is split into two major clades: Clade A composed of Selachinematidae and Chromador-
idae and Clade B composed of Cyatholaimidae, Achromadoridae, Neotonchidae, and
Prodesmodora (100% posterior probability and 74% bootstrap value). Ethmolaimidae
(with one species only, Ethmolaimus pratensis) splits early from the main Chromadori-
da clade. Six Chromadorida families constitute well-supported monophylectic clades.

In clade A1, nine genera of Selachinematidae form a well-supported monophyletic
group (100% posterior probability and 83% bootstrap value), but Selachinematinae
and Choniolaiminae are not shown as monophyletic clades at the subfamily level. In
Clade A2, Chromadoridae forms a well-supported monophyletic group (100% poste-
rior probability and 96% bootstrap value). In the subfamily level, only Chromadorinae
constitutes a monophyletic clade based on the BI analysis (93% posterior probability);
however, it is weakly supported by the ML analysis (39% bootstrap value). Hypodon-
tolaiminae and the genus Endeolophos (Euchromadorinae) constituted a monophyl-
etic clade (97% posterior probability and 85% bootstrap value). Endeolophos shows
a close relationship with the genus Chromadorita, which was highly supported by the
BI analysis (100% posterior possibility), and it clustered with Hypodontolaiminae.
The morphological characters of Endeolophos—cuticle homogeneous, amphidial fovea
at the level of the cephalic setae, and gubernaculum without telamons—conform to
the subfamily Hypodontolaiminae, while other characters—outer labial sensillar seti-
form, cuticular with complex structure, pharyngeal bulb absent, and precloacal supple-
ments absent—conform to the Euchromadorinae (Tchesunov 2014). We prefer to keep
Endeolophos in Euchromadorinae despite the molecular evidence.

Chromadora shows a close relationship with Chromadorina in clade A2, and
Venekey et al. (2019) also noted this and explained this relationship as a result of a
misidentification; there are great morphological similarities between Chromadora and
Chromadorina (Venekey et al. 2019).

In clade B, Gomphionema parvum (clade B1) of family Neotonchidae split early,
but it is weakly supported (65% posterior probability and 40% bootstrap value). The
position of Neotonchidae has been uncertain for a long time. Platt (1982) united Neo-
tonchinae and Ethmolaiminae into Ethmolaimidae with the holapomorphy of “cup-
shaped precloacal supplements with an external articulated flange”, but this character
was doubted by Lorenzen (1994), as it also occurs in Dichromadora. Tchesunov (2014)
also considered the validity of the family Neotonchidae due to its mixed characters of
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Figure 4. Bayesian inference tree of the order Chromadorida inferred from small subunit (SSU) se-
quences under the general time-reversible (GTR) + proportion of invariable sites (I) + gamma distribution
(G) model. Posterior probability (left) and bootstrap values (right) are given on corresponding clades. The
sequence obtained in this study is shown in bold. Subfamilies and families are listed on the right. Main

clades are shown by red letters or letters with numbers. The scale stands for substitutions per site.

Chromadoridae, Cyatholaimidae, and Microlaimidae. According to our BI and ML
analyses, Neotonchinae (clade B1) is a sister taxon to Achromadoridae (clade B2),
Prodesmodora (clade B3), and Cyatholaimidae (clade B4), but there is no close relation-
ship with Ethmolaiminae. This is in accordance with the topology tree by Leduc et al.
(2017), but it is contrary to Bezerra et al.’s (2013) results based on morphological char-
acters. We prefer to retain Neotonchidae until more molecular evidence is available.
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In clade B3, two freshwater genera, Achromadora and Prodesmodora, form a highly
supported clade (100% posterior probability and 100% bootstrap value). Lorenzen
(1981, 1994) concluded that Achromadora is a holophylectic based on the the position
of the ovary and prevailing parthenogenetic reproduction, and holapomorphy was pre-
sented in Prodesmodora. Taxonomic position of Prodesmodora should be reconsidered.

Conclusions

Chromadorina communis sp. nov. is described based on morphological characteristics
and distinguished from allied species by the absence of ocelli, a buccal cavity with three
equally sized, solid teeth, curved spicules with a tapered distal end, simple and boat-
shaped gubernaculums, and a conical tail with a very short spinneret. A phylogenetic
analysis also supports the validity of the new species. With the description of C. com-
munis sp. nov., 30 species of Chromadorina have been identified.

The phylogenetic analysis of Chromadorida show six families clustered into a
monophyletic clade, and this conforms to the morphological taxonomy at the family
level. The genus Endeolophos should be kept in Euchromadorinae based on morpho-
logical characters, and the position of family Neotonchidae should be considered as
valid until further data are available.
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Abstract

Three species of spider genus Sinopoda Jiger, 1999 are reported from southern China. Two of them are
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sp. nov., both from Guizhou Province. The male of S. horizontalis Zhong, Cao & Liu, 2017 is described
for the first time based on new material from the type locality, Wuyishan National Nature Reserve, Fujian
Province, China. Detailed descriptions, diagnoses, photographs and a distribution map of the three spe-
cies are provided.
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Introduction

Sinopoda Jiger, 1999 is the fourth most species-rich genus of huntsman spider fam-
ily Sparassidae after Pseudopoda Jager, 2000 (251 species), Heteropoda Latreille, 1804
(189 species), and Olios Walckenaer, 1837 (166 species) (World Spider Catalog 2023;
Zhang et al. 2023), including 139 species so far. Sinopoda is mainly distributed in east-
ern Asia, with 86 species recorded from East Asia, 50 species reported from Southeast
Asia, and a single species described from India (Zhang et al. 2021; Zhong et al. 2022).
Currently, a total of 73 Sinopoda species are known from China, representing 52.5% of
the global species, making China the country with the most Sinopoda species (Zhang et
al. 2021; Zhong et al. 2022; World Spider Catalog 2023). Despite this fact, the diver-
sity of this genus in China is still not fully discovered as several new species have been
described in each of the last few years (Zhong et al. 2017, 2018, 2019, 2022; Grall and
Jager 2020; Zhu et al. 2020; Wang et al. 2021).

While examining spiders collected from southern China, we have found some
Sinopoda specimens that belong to three species: two of them from Guizhou Province,
belong to undescribed species new to science; the remaining one from Wuyishan Na-
tional Nature Reserve of Fujian Province, was identified as Sinopoda horizontalis Zhong,
Cao & Liu, 2017 based on comparison with the type specimens (previously described
based on a holotype female only). The goal of this paper is to describe the two new spe-
cies under the names of S. guiyang Zhang, Yu & Zhong, sp. nov. and S. xishui Zhang, Yu
& Zhong, sp. nov. and to redescribe S. horizontalis, describing the male for the first time.

Materials and methods

Specimens in this study were collected by hand. The type specimens are deposited in
the Museum of Guizhou Normal University, Guiyang, China. Specimens were pre-
served in 75 or 95% alcohol and examined using an Olympus SZX7 stereomicroscope.
Left male palps were examined and illustrated after dissection. Epigynes were removed
and cleared in a warm 10% potassium hydroxide (KOH) solution. The vulva was im-
aged after being embedded in Arabic gum. Images were captured with a Canon EOS
70D digital camera (20.2 megapixels) mounted on an Olympus CX41 compound
microscope, and assembled using Helicon Focus ver. 6.80 image stacking software. All
measurements were obtained using an Olympus SZX7 stereomicroscope and are given
in millimetres. Eye diameters were measured at the widest part. The total body length
does not include the chelicerae or spinnerets. Leg lengths are given as total length (fe-
mur, patella + tibia, metatarsus, tarsus). Numbers of macrosetae are listed for each seg-
ment in the following order: prolateral, dorsal, retrolateral and ventral (in femora and
patellae ventral spines are absent and fourth digit is omitted in the setation formula).
The distribution map was generated with ArcGIS ver. 10.5 (Environmental Systems
Research Institute, Inc.). The terminology used in the text and figure legends follows
Grall and Jiger (2020) and Zhong et al. (2019, 2022), and the abbreviations used in
the text or figures are given in Table 1.



Three Sinopoda species from China (Araneae, Sparassidae)

Table I. List of abbreviations used in the text or figures.
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Male palp

C = conductor

Cy = cymbium

RTA = retrolateral tibial apophysis
dRTA = dorsal branch of RTA
vRTA = ventral branch of RTA

E = embolus

FA = embolic apophysis
EB = embolic base

Sp = spermophor

St = subtegulum

T = tegulum

Epigyne

AB = anterior band
FD = fertilization duct
GA = glandular appendage

ID = internal duct

LL = lateral lobe
LS = lobal septum
MS = membranous sac

PP = posterior part of spermathecae

Ocular area

AER = anterior eye row
ALE = anterior lateral eye

AME = anterior median eye

CH = clypeus height
PER = posterior eye row

PLE = posterior lateral eye

AME-ALE = distance between AME and ALE
AME-AME = distance between AMEs
AME-PLE = distance between AME and PLE
AME-PME = distance between AME and PME

PME = posterior median eye
PME-PLE = distance between PME and PLE
PME-PME = distance between PMEs

Taxonomy

Family Sparassidae Bertkau, 1872
Subfamily Heteropodinae Thorell, 1873

Genus Sinopoda Jiger, 1999

Type species. Sarotes forcipatus Karsch, 1881 from China and Japan.

Diagnosis. See Jager (1999), Liu et al. (2008), Zhang et al. (2015) and Grall and
Jager (2020).

Composition and infrageneric groupings. See WSC (2023) and Zhang etal. (2021).

Sinopoda guiyang Zhang, Yu & Zhong, sp. nov.
https://zoobank.org/425C8C5A-625C-4344-A882-373C7D5F440B
Figs 1-3, 9

Type material. Holotype & (YHSPA0O1), CHina: Guizhou Province: Guiyang City:
Xinpu Town, Xiangzhigou, Nanjing temple, 26.75°N, 106.93°E, c. 1092 m, by hand,
14.V1.2017, H. Yu et al. leg. Paratypes: 2339 (YHSPA002-006), same data as holotype.

Etymology. The species name is derived from the name of the type locality; noun
in apposition.

Diagnosis. The males of new species resemble those of S. ovaza Zhong, Jiger, Chen
& Liu, 2019 and S. #riangula Liu, Li & Jiger, 2008 in having a short vRTA with rough
apex, and a long, finger-like dRTA (Fig. 1A, B, D; Zhong et al. 2019: figs 43B, C, 44B,
G; Liu et al. 2008: fig. 7B, C), but differ by: (1) subdistal embolus without triangular
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dRTA

VRTA VRTA

Figure |. Male palp of the holotype of Sinopoda guiyang sp. nov. A ventral view B dorsal view C pro-
lateral view D retrolateral view. Abbreviations: C = conductor; Cy = cymbium; dRTA = dorsal branch of
RTA; E = embolus; EA = embolic apophysis; EB = embolic base; Sp = spermophor; St = subtegulum; T =
tegulum; vRTA = ventral branch of RTA. Scale bar: 0.5 mm (equal for A-D).
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projection (vs. with a triangular projection) (cf. Figs 1A, D, 2A-C and Zhong et al.
2019: figs 43A, B, 44A, B and Liu et al. 2008: fig. 7A, B, D-F); (2) embolus whip-like
or filiform, distinctly thin (vs. relatively thicker, distally wide) (cf. Figs 1A, D, 2A-C
and Zhong et al. 2019: figs 43A, B, 44A, B and Liu et al. 2008: fig. 7A, B, D-F); (3)
apex of vRTA with four ridges (vs. without ridges) (cf. Fig. 1D and Zhong et al. 2019:
figs 43C, 44C and Liu et al. 2008: fig. 7C). Females also resemble those of S. ovara
and S. rriangula by the general shape of vulva but can be recognized by the thumb-like
glandular appendages extend transversally (vs. finger-like and descend obliquely) (cf.
Fig. 3C and Zhong et al. 2019: figs 43E, 45B and Liu et al. 2008: fig. 7H).

Description. Male (YHSPA0O1). Total length 8.4. Prosoma 4.0 long, 3.4 wide,
anterior width of prosoma 2.6. Opisthosoma 4.4 long, 2.6 wide. Eye sizes and in-
terdistances: AME 0.18, ALE 0.26, PME 0.18, PLE 0.27, AME-AME 0.19, AME~
ALE 0.09, PME-PME 0.24, PME-PLE 0.35, AME-PME 0.33, ALE-PLE 0.28, CH
AME 0.21, CH ALE 0.23. Spination: Palp: 131, 101, 1021; Fe: I-1II 323, IV 321;
Pa: [-1V 101; Ti: 12024, II-111 2126, IV 2226; Mt: [-11 2024, IT1I-1V 3036. Measure-
ments of palp and legs: Palp 6.3 (2.2, 1.3, 1.1, 1.7), 1 15.5 (3.8, 1.9, 4.4, 4.0, 1.4),
11175 (4.8, 1.9, 4.7, 4.5, 1.6), 11 14.1 (4.4, 1.5, 3.6, 3.3, 1.3), IV 15.4 (4.4, 1.7,
3.6, 4.1, 1.6). Leg formula: II-I-IV-III. Cheliceral furrow with three anterior and four
posterior teeth, and with ~ 35 denticles.

Colouration in ethanol (Fig. 2D, E). Prosoma yellowish-brown, anteriorly and
medially yellowish, lateral and posterior margin dark brown, with shallow fovea and
radial furrows. Chelicerae light brown. Sternum yellowish-white, margin yellowish.
Endites and labium uniformly yellowish-white. Legs dark yellowish-brown, covered by
short spines. Opisthosoma oval, dorsum brown, marginally with two longitudinal and
dark brown bands reaching posterior half, median part with four pairs of inconspicu-
ous purplish dots; venter uniformly gray.

Palp (Figs 1, 2A—C). Cymbium distinctly longer than tibia. Embolus filiform,
@-shaped in ventral view, arising at approximately the 8-9 o’clock position, terminat-
ing at c. 12 o'clock position. Conductor long, membranous, c. 2/3 of the tegulum
length, originating at 12—1 o’clock position portion of tegulum. Tegulum oval, slightly
bulged, medially with distinct and slightly curved spermophore, proximally covering
embolic base. RTA arising mesially to distally from tibia, ventrally with distinct brush
of stiff setae. dRTA slender, finger-shaped; vRTA round, apex with four ridges.

Female (YHSPA002). Total length 10.3. Prosoma 4.2 long, 3.6 wide, anterior
width of prosoma 2.8. Opisthosoma 6.1 long, 4.6 wide. Eye sizes and interdistances:
AME 0.17, ALE 0.24, PME 0.20, PLE 0.29, AME-AME 0.21, AME-ALE 0.10,
PME-PME 0.27, PME-PLE 0.39, AME-PME 0.39, ALE-PLE 0.34, CH AME 0.23,
CH ALE 0.26. Spination: Palp: 131, 101, 2026, 1014; Fe: I-1II 323, IV 321; Pa: I-
IV 000; Ti: I-111 2026, IV 2126; Mt: I-11 1014, III 2026, IV 3036. Measurements
of palp and legs: Palp 5.0 (1.5, 0.9, 1.0, 1.6), 1 12.2 (3.3, 1.5, 3.0, 3.2, 1.2), [1 12.7
(3.8, 1.8, 3.2, 2.8, 1.1), 111 10.3 (3.0, 1.6, 2.7, 2.1, 0.9), IV 11.9 (3.5, 1.7, 2.9, 2.7,
1.1). Leg formula: II-I-IV-III. Cheliceral furrow with three anterior and four poste-
rior teeth, and with ~ 42 denticles. Colouration in ethanol as in males, but generally

slightly darker (Fig. 3D, E).
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D oy "

Figure 2. Sinopoda guiyang sp. nov., male holotype, palpal bulb (A—C) and habitus (D, E) A prolateral
view B ventral view C retrolateral view D dorsal view E ventral view. Abbreviations: C = conductor; E =
embolus; EA = embolic apophysis; EB = embolic base; Sp = spermophor; St = subtegulum; T = tegulum.
Scale bars: 0.2 mm (equal for A=C); 2 mm (equal for D, E).
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D E
Figure 3. Sinopoda guiyang sp. nov., female paratype, epigyne (A—C) and habitus (D, E) A intact, ventral
view B cleared and macerated, ventral view € cleared and macerated, dorsal view D dorsal view E ventral
view. AB = anterior band; FD = fertilization duct; GA = glandular appendage; ID = internal duct; LL =
lateral lobe; LS = lobal septum; MS = membranous sac; PP = posterior part of spermathecae. Scale bars:

0.5 mm (equal for A=C); 2 mm (equal for D, E).
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Copulatory organ (Fig. 3A-C). Epigynal field wider than long, with short and
indistinct anterior bands, slit sensillum absent. Lobal septum wide, anterior part about
1/10 width of epigynal plate, gradually wider to the posterior. Lateral lobes fused, with
small median incision and posterior margin slightly bilobed. Internal ducts running
parallel along median line. Glandular appendages thumb-like, extend transversally.
Posterior part of spermathecae balloon-shaped, relatively large, c. 1.6 times longer than
wide; the two PP separated by about 0.8 width. Fertilization ducts acicular, mem-
branous, located on dorsal-basal surface of spermathecac. Membranous sac between
fertilization ducts, more or less triangular.

Distribution. Known only from the type locality, Guiyang City, Guizhou, Chi-
na (Fig. 9).

Comments. Sinopoda guiyang sp. nov. possesses several characters associated with
the globosa-group (currently comprises six species, see Zhang et al. 2021: 15, fig. 4)
and resembles S. ovata and S. triangula (the core species of the globosa-group) for their
characteristic genital organs (for a detailed diagnosis, see above), but can be distin-
guished from all members of the globosa-group by the absence of triangular projection
in the embolus. Because the embolus of all S. globosa-group species has a subdistally
triangular projection, there remains considerable uncertainty about placing this new
species into the globosa-group.

Sinopoda horizontalis Zhong, Cao & Liu, 2017
Figs 4-6, 9

Sinopoda horizontalis Zhong, Cao & Liu, 2017: 157, figs 5A, B, 6A, B, 15A, B (?).

Holotype examined. @ (ZY-2013-SPA007), CHiNa: Fujian Province: Wuyishan City,
Whuyishan National Nature Reserve, 27.35°N, 117.29°E, c. 1152 m, by hand, 16 VI
2013, Y. Zhong and X.W. Cao leg.

New material examined. 33, 19 (ZY-2021-SPA011-014). Same locality as holo-
type, by hand, 16.V1.2021, Y. Zhong leg.

Diagnosis. Males of S. horizontalis resemble those of S. hamata (Fox, 1937) and S.
liui Zhong, Cao & Liu, 2017 in the general shape of the male palp. The palps of the
three species share the similarly shaped conductor and embolus, and the distinctly long,
ribbon-shaped dRTA which with lumpy margins, but differ in the following: the vRTA
digitiform, distinctly longer than wide, apex blunt in S. horizontalis (vs. laminar, distinctly
wider than long in S. hamata, thumb-shaped, apex beak-shaped and relatively sharper in
S. liud) (cf. Fig. 4A, B, D and Zhong et al. 2018: figs 6C, 7C and Zhong et al. 2019: figs
31C, 32C). Females also resemble those of S. hamata and S. liui in having the strongly
narrow lobal septum anteriorly, and the distinctly bilobed posterior margin of epigynal
plate, but can be recognised from S. hamara by the internal ducts running parallel along
median line (vs. convergent anteriorly but distinctly oblique posteriorly) (cf. Fig. 6C-F
and Zhong et al. 2018: figs 6D, E, 7D, E); and from S. /iui can be recognised by the
posterior part of spermathecae are proportionately longer, nearly 2/5 length of internal
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dRTA

VRTA ~ VvRTA

C N\ e - D
Figure 4. Male palp of the topotype of Sinapoda horizontalis A ventral view B dorsal view € prolateral
view D retrolateral view. Abbreviations: C = conductor; Cy = cymbium; dRTA = dorsal branch of RTA;
E = embolus; EA = embolic apophysis; EB = embolic base; Sp = spermophor; St = subtegulum; T = tegu-
lum; vRTA = ventral branch of RTA. Scale bar: 1 mm (equal for A-D).
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ducts (vs. proportionately much shorter, no more than 1/4 length of internal ducts) (cf.
Fig. 6C-F and Zhong et al. 2019: fig. 33B and Zhong et al. 2017: figs 5D, 6D).

Description. Male (ZY-2021-SPA011). Total length 14.8. Prosoma 7.0 long, 6.7
wide, anterior width of prosoma 3.4. Opisthosoma 7.8 long, 5.2 wide. Eye sizes and
interdistances: AME 0.24, ALE 0.45, PME 0.22, PLE 0.50, AME-AME 0.21, AME~
ALE 0.13, PME-PME 0.41, PME-PLE 0.38, AME-PME 0.48, ALE-PLE 0.40, CH
AME 0.29, CH ALE 0.35. Spination: Palp: 131, 101, 1021; Fe: I-11I 323, IV 321;
Pa: I-IV 101; Ti: I-IV 2226; Mt: I-11 1014, III 2026, IV 3036. Measurements of
palp and legs: Palp 9.7 (2.8, 2.0, 2.1, 2.8), 1 34.0 (9.9, 3.8, 8.4, 8.9, 3.0), II 35.8
(10.6, 3.8,9.0, 9.5, 2.9), 111 27.7 (7.8, 3.6, 7.2, 7.0, 2.1), IV 28.9 (8.6, 3.1, 7.0, 7.7,
2.5). Leg formula: II-I-IV-III. Cheliceral furrow with three anterior and four posterior
teeth, and with - 32 denticles.

Colouration in ethanol (Fig. 5D, E). Prosoma dark yellowish to brown, with yellow
submarginal transversal band at posterior part. Median band of prosoma bright yellow-
ish-brown, lateral bands brown and not distinctly delimited to median band. Fovea and
radial furrows distinctly marked. Chelicerae dark reddish-brown. Sternum light yellow,
margin slightly darker. Endites and labium yellowish, both with distal parts brighter.
Legs dark yellowish-brown, covered by short spines. Dorsal opisthosoma brown, with an
irregular yellow media band, reaching 2/3 of abdomen length, with five pairs of incon-
spicuous black dots on each side; ventral opisthosoma yellowish-brown with irregular
pattern and two longitudinal yellow lines between epigastric furrow and spinnerets.

Palp (Figs 4, 5A—C). Cymbium distinctly longer than tibia. Embolus filiform,
@-shaped, arising from tegulum at nearly the 7-8 o’clock position in ventral view,
terminating at c. 12 o’clock position. Conductor long, c. 2/3 of the tegulum length,
curving medially, arising at 12- 1o’clock position from tegulum. Tegulum oval, slightly
bulged, medially with distinct spermophore, proximally covering embolic base; sper-
mophore <-shaped in ventral view. RTA arising mesially to distally from tibia, ventrally
with distinct brush of stiff setae. dRTA ribbon-shaped, distinctly long, curved and
tapering, almost extending media part of cymbium; vRTA digitiform, relatively short,
about 1/2 of tibia length, apex round.

Female (ZY-2021-SPA014). Total length 14.9. Prosoma 7.6 long, 7.3 wide, an-
terior width of prosoma 4.5. Opisthosoma 9.3 long, 5.8 wide. Eye sizes and inter-
distances: AME 0.30, ALE 0.48, PME 0.36, PLE 0.58, AME-AME 0.25, AME-
ALE 0.17, PME-PME 0.45, PME-PLE 0.61, AME-PME 0.62, ALE-PLE 0.66, CH
AME 0.31, CH ALE 0.45. Spination: Palp: 131, 101, 2121, 1014; Fe: I-III 323,
IV 321; Pa: -1V 101; Ti: I-111 2024, 1TV 2124; Me: I-11 1014, 111 2026, IV 3036.
Measurements of palp and legs: Palp 9.6 (2.8, 1.4,2.2,3.2),124.3 (6.3, 2.6, 6.3, 6.6,
2.5),1125.9(8.3,3.3,7.1,5.2,2.0), 111 20.2 (7.7, 3.4, 3.6, 3.8, 1.7), 1V 22.2 (7.1, 2.5,
5.8, 4.9, 1.9). Leg formula: II-IV-III-1. Cheliceral furrow with three anterior and four
posterior teeth, and with ~ 40 denticles. Colouration in ethanol as in males, but body
slightly darker (Fig. 6A, B; see Zhong et al. (2017) for others described). Copulatory
organ as in Fig. 6C, D (topotype) and Fig. 6E, F (holotype).

Distribution. Known only from the type locality, Wuyishan National Nature Re-
serve, Fujian, China (Fig. 9).



Three Sinopoda species from China (Araneae, Sparassidae) 143

Figure 5. Sinopoda horizontalis, male topotype, palpal bulb (A—C) and habitus (D, E) A prolateral view

B ventral view C retrolateral view D dorsal view E ventral view. Abbreviations: C = conductor; E = embo-

lus; EA = embolic apophysis; EB = embolic base; Sp = spermophor; St = subtegulum; T = tegulum. Scale
bars: 0.2 mm (equal for A=C); 5 mm (equal for D, E).
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E ~ F

Figure 6. Sinopoda horizontalis, habitus (A, B) and epigyne (C, D) of female topotype, and epigyne (E, F)
of female holotype A dorsal view B ventral view C, E cleared and macerated, ventral view D, F cleared
and macerated, dorsal view. AB = anterior band; FD = fertilization duct; GA = glandular appendage; ID
= internal duct; LL = lateral lobe; LS = lobal septum; MS = membranous sac; PP = posterior part of sper-
mathecae. Scale bars: 5 mm (equal for A, B); 0.5 mm (equal for C, D, equal for E, F).
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Sinopoda xishui Zhang, Yu & Zhong, sp. nov.
https://zoobank.org/75A10745-DBF5-4845-905C-D2CB6DE32005
Figs 7-9

Type material. Holotype @ (YHSPA007), CHiNa: Guizhou Province: Zunyi City:
Xishui County, Xishui National Nature Reserve, Sanchahe Town, Hongyangou Vil-
lage, 28.50°N, 106.40°E, c. 934 m, by hand, 23.V.2022, H. Yu et al. leg. Paraztype:
19, same data as holotype.

Etymology. The species name is derived from the name of the type locality; noun
in apposition.

Diagnosis. Females of this new species resembles those of S. yaanensis Zhong, Jiger,
Chen & Liu, 2019 in having similar vulva with swollen, globular glandular appendages,
and oval shaped posterior part of spermathecae, but can be distinguished by: (1) lobal
septum distinctly wider, its anterior part about 1/5 width of epigynal plate (Fig. 7A, B)
(vs. relatively narrower, its anterior part about 1/8-1/9 width of epigynal plate; Zhang
etal. 2015: figs 40, 46; Zhong et al. 2019: fig. 57E); and (2) the anterior part of internal
ducts far from the anterior margin of epigynal plate (Fig. 7C) (vs. reach the anterior
margin of epigynal plate; Zhang et al. 2015: fig. 41; Zhong et al. 2019: fig. 57]).

Description. Female (YHSPA007). Total length 16.4. Prosoma 7.7 long, 6.8
wide, anterior width of prosoma 4.2. Opisthosoma 8.7 long, 6.1 wide. Eye sizes and
interdistances: AME 0.35, ALE 0.44, PME 0.38, PLE 0.48, AME-AME 0.28, AME~
ALE 0.14, PME-PME 0.44, PME-PLE 0.53, AME-PME 0.52, ALE-PLE 1.44, CH
AME 0.32, CH ALE 0.37. Spination: Palp: 131, 101, 2121, 1014; Fe: I-1II 323, IV
321; Pa: I-IV 101; Ti: [-111 2026, IV 2126; Me: I-11 1014, 111 2026, 1V 3036. Meas-
urements of palp and legs: Palp 9.8 (3.0, 1.6,2.1,3.1),126.8 (7.8,2.4,7.8, 6.5, 2.3),
I129.1 (8.9, 2.8,8.2,7.1,2.1), Il1 24.2 (7.6, 3.1, 6.3, 5.1, 2.1), IV 24.7 (6.7, 2.4,
7.3, 6.1, 2.2). Leg formula: II-I-IV-III. Cheliceral furrow with two anterior and four
posterior teeth, and with ~ 38 denticles.

Colour of the living holotype female was uniformly dark except brown femur
(Fig. 8A). Colouration in ethanol (Fig. 7D, E): Prosoma dark yellowish to brown,
with bright yellow submarginal transversal band at posterior part. Median band of
prosoma bright yellowish, anteriorly as wide as PER, gradually narrowing posteriorly;
lateral bands brown, distinctly delimited to median band, starting from PLE, reach-
ing dark reddish submarginal transversal band. Fovea and radial furrows distinctly
marked. Chelicerae yellowish-brown. Sternum bright yellow, margin slightly darker.
Endites and labium yellowish. Legs yellowish-brown, covered by short spines. Dor-
sal opisthosoma dark brown, anteriorly with a small °)(‘-shaped yellow pattern, with
three pairs of inconspicuous dots on each side; ventral opisthosoma dark, with several
transversal folds.

Copulatory organ (Fig. 7A—C). Epigynal field wider than long, anterior bands
nearly invisible indistinct, slit sensillum absent. Lobal septum wide, anterior part
about 1/5 width of epigynal plate, gradually wider to the posterior. Lateral lobes fused,
posterior margin slightly bilobed, medially with small incision. Internal ducts running
parallel along the middle line. Glandular appendages distinctly inflated, globular; the
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Figure 7. Sinopoda xishui sp. nov., female holotype, epigyne (A=C) and habitus (D, E) A macerated,
ventral view B cleared and macerated, ventral view € cleared and macerated, dorsal view D dorsal view
E ventral view. FD = fertilization duct; GA = glandular appendage; ID = internal duct; LL = lateral lobe;
LS = lobal septum; MS = membranous sac; PP = posterior part of spermathecae. Scale bars: 0.5 mm (equal
for A-C); 3 mm (equal for D, E).
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B

Figure 8. Sinopoda xishui sp. nov., female holotype (A) and paratype (B), live specimens. Photographs
by Qianle Lu (Shenzhen, Guangdong).
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Figure 9. Distribution records of the Sinopoda species treated in this paper: S. horizontalis Zhong, Cao &
Liu, 2017 (orange circle: Fujian Province: Wuyishan City, Wuyishan National Nature Reserve), S. guiyang
sp. nov. (blue circle: Guizhou Province, Guiyang City, Xinpu Town, Xiangzhigou), S. xishui sp. nov. (red
circle: Guizhou Province, Zunyi City, Xishui National Nature Reserve).

two GA widely separated by about 3x diameters. Posterior part of spermathecae more
or less bean-shaped, c. 1.9 times longer than wide; the two PP separated by about 2.3
width. Fertilization ducts acicular, membranous, located on posterior surface of sper-
mathecae. Membranous sac between fertilization ducts, nearly trapezoidal.

Male. Unknown.

Distribution. Known only from the type locality, Xishui National Nature Reserve,
Guizhou, China (Fig. 9).

Comments. The females of S. xishui sp. nov. exhibit typical globosa-group fea-
tures (internal ducts running parallel along median line, and with ovate posterior
parts of spermathecae, as diagnosed in Zhang et al. (2021)), and resembles S. yaan-
ensis (the core species of the globosa-group) (for a detailed diagnosis, see above).
However, this species is not readily assignable to the globosa-group due to the lack of
an available male specimen.
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Abstract

Three new segmented trapdoor spider species belonging to the family Heptathelidae Kishida, 1923, i.e.,
Luthela asuka sp. nov. (39, Sichuan), L. beijing sp. nov. (39, Beijing), and L. kagami sp. nov. (39,
Sichuan), are described from China. Their phylogenetic position and relationships within Heptathelidae
are tested and assessed using a combination available COI data downloaded from GenBank with new DNA
sequences obtained in this study. The results show that the new species form a clade with eight known and
one undescribed species of Luthela. High-definition illustrations of the male palps and female genitalia,

diagnoses, and DNA barcodes are provided for these three new species, and their distributions are mapped.

Keywords

Burrowing spider, COI, heptathelids, molecular analysis, new species, taxonomy

Introduction

Mesotheles, commonly known as primitively segmented spiders, are characterized by
having a series of plates on the abdomen and the spinnerets situated in the middle of
ventral abdomen. The suborder Mesothelae previously included only one extant family
Liphistiidae Thorell, 1869 (s.£), which has now been split into two closely related families,
Heptathelidae Kishida, 1923 and Liphistiidae Thorell, 1869 (s.5.) (Petrunkevitch 1939).

Copyright Mian Wei et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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The family Heptathelidae currently consists of 107 extant species in seven genera,
whose range is limited to the Far East, such as in Japan, the Ryukyu Islands, China, and
Vietnam (Xu et al. 2021; WSC 2023). This family was originally described as a tribe (Hep-
tatheleae) of Liphistiidae (s.£) by Kishida (1923), and subsequently was elevated to the
level of a family by Petrunkevitch (1939) and confirmed by Haupt (1983). Raven (1985)
synonymized Heptathelidae with Liphistiidae (s.£). Recent molecular phylogenetic stud-
ies (Xu et al. 2015a, 2015b, 2021) have confirmed the monophyly of Liphistiidae (s.2) as
well as that of its two subfamilies, Heptathelinae and Liphistiinae. Li (2022) restored the
subfamily Heptathelinae to the family level and circumscribed Liphistidae (s.s.) to include
only all extant species of Liphistius Schiodte, 1849. Based on extensive comparisons of the
estimated divergence time in extant spider families and known fossils, Breitling (2022)
suggested that it would make more sense to reunite both families into Liphistiidae (s.4).
WSC (2023) took note of Breitling’s viewpoint, but at present rejected his proposal on the
grounds that the age of splitting is not sufficient reason to reunite the families.

Luthela Xu & Li, 2022, an endemic genus of northern China, was newly erected
and delimited on the basis of morphological characters and molecular data, and it was
transferred from Liphistiidae to Heprathelidae (Li 2022; Xu et al. 2022). At present,
Luthela includes eight known extant species, which are distributed almost exclusively
north of the Yangtze River to the Yellow river basin in China, but no species have been
recorded in Beijing and Sichuan.

The aims of this paper are 1) to describe and illustrate the three new species; 2) to
provide the COI sequences of them for verifying their sex pairing; 3) to test their phy-
logenetic position and relationships within heptathelids; and 4) to map the geographic
distributions of these extant Luthela species. This paper expands the knowledge of spe-
cies diversity of Chinese Heptathelidae.

Materials and methods

Specimens sampling

Specimens studied here were collected from Beijing City and Sichuan provinces, Chi-
na, on 8 October 2019, 15 June 2022, 16 October 2022, and 30 January to 1 February
2023. All specimens were captured by hand and stored in 95% ethanol at -20 °C.

Molecular data

To test the taxonomic position of the three Luthela species, five individuals were selected
from the examined materials for molecular data collection. The first and second legs on
the right were used to extract genomic DNA and sequence the gene fragments COI. The
rest of the bodies were kept as vouchers. All molecular data were obtained from speci-
mens collected at the type localities of the species, although not from the type specimens
themselves. Whole genomic DNA was extracted from tissue samples with the Universal
Genomic DNA Kit (CWBIO, Beijing, China) following the manufacturer’s protocol
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for animal tissue. The COI gene fragments were amplified in 50 uL reactions. Primer
pairs and PCR protocols are given in Table 1. Raw sequences were edited and assembled
using Mesquite v. 3.02 (Maddison and Maddison 2011). New sequences were deposited
in GenBank (Table 2). All molecular vouchers and examined materials are stored in the
Natural History Museum of Sichuan University in Chengdu, China (NHMSU).

To place these new species in a proper taxonomic position within Heptathelidae
and verify their sexual pairing, we used these sequences and a selection from previously
sequenced taxa to assemble a phylogeny of heptathelid spiders: Ganthela Xu & Kuntner,
2015, Heptathela Kishida, 1923, Luthela, Qiongthela Xu & Kuntner, 2015, Ryuthela
Haupt, 1983, Songthela Ono, 2000, and Vinathela Ono, 2000. In addition, a Liphistius
species was used as the outgroup (Table 2). Sequences were aligned with MAFFT wv.
7.505 (Katoh and Standley 2013) using “-auto’ strategy and normal alignment mode.
Best partitioning scheme and evolutionary models for three predefined partitions were
selected using PartitionFinder2 v. 2.1.1 (Lanfear et al. 2017), with all algorithms and
Akaike information criterion (AIC). SYM+I+G, HKY+I+G, and GTR+G were select-
ed for the first, second, and third codon positions of COI, respectively.

Bayesian phylogenetic inference (BI) was performed using MrBayes v. 3.2.7 (Ron-
quist et al. 2012) through Phylosuite v. 1.2.3 (Zhang et al. 2020) using four Markov
Chain Monte Carlo (MCMCs) chains with default heating parameters for 50,000,000
generations or until the average standard deviation of split frequencies was <0.01.
Markov chains were sampled every 5000 generations, and the first 25% of sampled
trees were burn-in. The website iTOL v. 6.7 (Letunic and Bork 2021) was used to ana-
lyse the performance of our BI analyses. Maximum-likelihood (ML) phylogenies were
also inferred using IQ-TREE v. 2.0 (Nguyen et al. 2015) through Phylosuite v. 1.2.3
(Zhang et al. 2020) under Edge-linked partition model for 1000 ultrafast (Minh et al.
2013) bootstraps, as well as the Shimodaira—Hasegawa-like approximate likelihood-
ratio test (Guindon et al. 2010).

Morphological data

Specimens were examined and measured with a Leica M205 C stereomicroscope. All
male palps and female genitalia were dissected from the bodies before being examined
and photographed. To reveal the internal structure, female genitalia were boiled for
5 min in KOH solution (1 mol/L) at 45 °C, and then a dissection needle was used
to remove the remaining soft tissue before being photographed. Photographs of male
palps and female genitalia were taken with a Canon EOS 60D wide zoom digital
camera (8.5 megapixels) mounted on an Olympus BX 43 compound microscope. The

Table 1. Loci, primer pairs, and PCR protocols used here.

Loucus Annealing Direction  Primer Sequence 5" — 3’ Reference
temperature/time
COI 49°Cl/15s F LCO1409  GGTCAACAAATCATAAAGATATTGG  Folmer et al.

R HCO2198 TAAACTTCAGGGTGACCAAAAAATCA 1994
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Table 2. List of segmented spider taxa and their COI data used for phylogenetic analysis of heptathelids
(including five new DNA sequence data obtained here).

Species Identifier COI Species Identifier COI
Liphistius desultor LS054 KR028518  Vinathela cucphuongensis XUX-2013-008  KT767580
Ganthela cipingensis XUX-2013-516  KP875509  Vinathela nenglianggu DQ-2018-036  MN400648
Ganthela jianensis XUX-2013-534 KP875503 Luthela badong XUX-2012-140  KP229863
Ganthela qingyuanensis  XUX-2012-288  KP875525  Luthela dengfeng XUX-2012-031 MH172686
Ganthela venus XUX-2013-160 KP875483  Luthela handan XUX-2011-214  KP229810
Ganthela wangjiangensis XUX-2012-278  KP875508  Luthela luotianensis XUX-2012-079  KP229881
Ganthela xianyouensis ~ XUX-2013-153  KP875526  Luthela schensiensis XUX-2011-273 MH172701
Heptathela kimurai XUX-2013-356 MN274707 Luthela sp. XUX-2016-110 MH172699
Heptathela tokashiki XUX-2014-051 MN274727 Luthela taian XUX-2014-143A MH172722
Qiongthela baishensis XUX-2012-087 KP229805 Luthela yiynan XUX-2012-051 MH172727
Qiongthela giongzhong ~ XUX-2017-156 MN911987  Luthela yuncheng XUX-2011-235 MH172738
Ryuthela nishihirai OKR19 AB778138  Luthela asuka sp. nov. WM-2019-A002 OQ661856
Ryuthela unten XUX-2012-531 MF078619 Luthela asuka sp. nov. ~ WM-2023-A003 OQ661857
Songthela bristowei XUX-2012-256  KP229808  Luthela beijing sp. nov.  WM-2022-B001 OQ661858
Songthela ciliensis XUX-2012-177  KP229918  Luthela kagami sp. nov. WM-2023-K001 OQ661859

Songthela hangzhouensis  XUX-2013-171 KT767579 Luthela kagami sp. nov. WM-2023-K002 OQ661860

images were montaged using Helicon Focus v. 7.0.2 image stacking software (Khmelik
et al. 20006). All measurements are given in millimeters. Eye diameters were measured
as the maximum diameter in either dorsal or frontal views. Leg measurements are given
in the following sequence: total length (femur, patella + tibia, metatarsus, tarsus). Body
length was measured only from the anterior edge of prosoma to the posterior edge of
opisthisoma, excluding the chelicerae.

Abbreviations used in the text or figures as follows:

ALE anterior lateral eyes; MA marginal apophysis of tegulum;
AME anterior median eyes; MH middle haematodocha;

ASC apical spine of conductor; PC paracymbium;

BSC basal spine of conductor; PLE posterior lateral eyes;

Co conductor; PME posterior median eyes;

CT contrategulum; RC receptacular cluster;

DT dorsal extension of TA; ST subtegulum;

E embolus; T tegulum

EO embolus opening; TA terminal apophysis of tegulum.
Results

Phylogenetic analysis

The BI analysis of the dataset of COI genes recovered a single parsimonious tree to-
pology. This tree shows heptathelids are monophyletic but with low support. All 29
heptathelid species included are divided into two major clades, and the seven genera
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they represent formed the following phylogenetic relationships: (Songthela + (Vinathela
+ (Ganthela)) + (Luthela + (Qiongthela + (Ryuthela + Heptathela)))). These seven genera
are also monophyletic, with high support in clades of Songthela, Vinathela, Qiongthela,
Ryuthela, and Heptathela, but low support in the Ganthela and Luthela clades. Three
new species (Fig. 1, indicated by red font) are nested within Luthela, which is a clade
composed of 12 Luthela species (Fig. 1, indicated by a pink box). The sex pairing of all
three new species were confirmed to be correct and highly supported as separate clades
and belong to the genus Luthela. The sister group relationship of Luthela asuka sp. nov.
and Luthela kagami sp. nov. has high support. The same relationship occurs between
Luthela beijing sp. nov. and Luthela handan Xu et al., 2022. These results support our
taxonomic decision to recognise them as new species and confirm their higher affinities.

The result of ML is consistent with that of the BI on some major clades, but
there are some differences (Fig. 2). In the ML tree, all 29 heptathelid species also
clustered into a monophyletic group. Different from the topology structure of BI
tree, the phylogenetic relationships of the seven genera they represent are as follows:

Liphistius desultor
Songthela hangzhouensis
Songthela ciliensis
Songthela bristowei
Vinathela nenglianggu
Vinathela cucphuongensis
Ganthela xianyouensis
Ganthela gingyuanensis
Ganthela jianensis
Ganthela cipingensis
Ganthela wangjiangensis

Ganthela venus

— Qiongthela giongzhong
1L Qiongthela baishensis
Ryuthela unten
—1,—_I?yuthela nishihirai
Qes7] l: Heptathela kimurai
Heptathela higoensis

Luthela luotianensis
Luthela badong
Luthela kagami sp. nov WM-2023-K002
Luthela kagami sp. nov. WM-2023-K001
Luthela asuka sp. nov. WM-2023-A003
Luthela asuka sp. nov. WM-2019-A002
0.28 Luthela yiyuan
Luthela sp. 4 XUX-2016-110
Luthela taian
Luthela handan
Luthela beijing sp. nov. WM-2022-B001

Luthela dengfeng

Luthela yuncheng

Luthela schensiensis

Tree scale: 0.1 ——yj

Figure 1. Tree topology obtained by Bayesian analysis in MrBayes v. 3.2.7. Numerical values at nodes
indicate posterior probabilities. Note: 29 species representing the family Heptathelidae were clustered into
a monophyletic group; the high support of three new species (red font) in the genus Luthela (pink box),
and the low support of monophyly of 12 Luthela species. Liphistius desultor (light grey box) of Liphistiidae
was selected as outgroup for this phylogenetic analysis. Habitus images: A Luthela asuka sp. nov. B Luthela
kagami sp. nov. C Luthela beijing sp. nov. Photographs by Yejie Lin.
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|: Luthela yiyuan
o 9 Luthela sp. 4 XUX-2016-110

Luthela handan
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= |_1°J: Luthela asuka sp. nov. WM-2023-A003

9 Luthela beijing sp. nov. WM-2022-B001
o Luthela dengfeng
Luthela yuncheng
o Luthela schensiensis

Figure 2. Tree topology obtained by maximum likelihood in IQ-TREE v. 2.0. Numbers at nodes are
bootstrap values; other conventions as in Fig. 1. The clade of the three new Luthela species (red font) is
nested within Luthela (pink box). Further clades are other genera of Heptathelidae (Heptathela, Ryuthela,
Qiongthela, Ganthela, Songthela, and Vinathela are from the bottom up).

(Vinathela + (Songthela + (Ganthela + (Luthela + (Qiongthela + (Ryuthela + Hep-
tathela)))))). Also, as in the BI tree, the clades of Vinathela, Songthela, Qiongthela,
Ryuthela, and Heptathela have high support, but the clades of Ganthela and Luthela
have low support. As a sister group, the clade of Luthela is delimited to include eight
known, three new, and one still undescribed species. Both BI and ML analyses show
that the three new species form a clade which is the sister group to remaining Luzhela
species. The available molecular evidence supports the taxonomic placement of the
three new Luthela species.

Taxonomy

Family Heptathelidae Kishida, 1923
Genus Luthela Xu & Li, 2022

Luthela Xu & Li, 2022: 134.

Type species. Luthela yiyuan Xu, Yu, Liu & Li, 2022 by original designation, from
Yiyuan Co., Shandong Province, China.
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Diagnosis. Males of Luthela differ from those of other heptathelid genera except
Songthela, by the smooth conductor with one or two long spines (see ASC and BSC
in Figs 3C, 4B, 5B, 6B), and they can be distinguished from the males of Songthela in
having regular larger teeth on the contrategular margin (see CT in Figs 3B, 3C, 4B,
5D, 6B, 6C). Females of Luthela can be recognized from those of other genera by the
middle pair of the receptacular clusters being situated at the anterior margin of the
bursa copulatrix and the lateral ones at the dorsolateral position of the bursa copulatrix
(Fig. 3H, SE, 5H, 6H).

Composition. Luthela asuka Wei & Lin, sp. nov. (49, Sichuan), Luthela badong
Xu etal., 2022 (39, Hubei), L. beijing Wei & Lin, sp. nov. (42, Beijing), L. dengfeng
Xuetal., 2022 (39, Henan), L. handan Xu et al., 2022 (39, Henan), Luthela kagami
Wei & Lin, sp. nov. (39, Sichuan), L. luotianensis (Yin et al., 2002) (9, Hubei), L.
schensiensis (Schenkel, 1953) (3'Q, Shaanxi), L. taian Xu et al., 2022 (39, Shandong),
L. yiyuan Xu et al., 2022 (39, Shandong), and L. yuncheng Xu et al., 2022 (49,
Shanxi).

Distribution. Northern China, from the Yangtze River to the Yellow river basin.

Luthela asuka Wei & Lin, sp. nov.
https://zoobank.org/917ACCF0-7506-496C-8C29-0CF53D0C710D
Figs 3A, B, G, 4

Type material. Holotype &, CHiNA: Sichuan Province, Chengdu City, Longquanyi Dis-
trict, Longquan Mountain Forest Park, near Tiangong Temple, 30.5305°N, 104.2709°E,
636 melev., 8.X.2019, M. Weiand Y. Shen leg. Paratypes 1}, CHINA: Sichuan Province,
Chengdu, Longquan District, Longquan Mountain Forest Park, near the expressway of
Chengdu to Jianyang, 30.5381°N, 104.3015°E, 740 m elev., 16.X.2022, S. Wang leg.;
19, CHINA: Sichuan Province, Chengdu, Longquan District, Longquan Mountain For-
est Park, near the expressway of Chengdu to Jianyang, 30.5381°N, 104.3015°E, 740 m
elev., 1.11.2023, S. Wang and M. Wei leg. Deposited in NHMSU.

Etymology. The specific epithet is from “Asuka Langley Soryu”, a fictional charac-
ter wearing a red combat suit from the animation “Evangelion” (by the Japanese crea-
tor Hideaki Anno), refers to the body color; noun (name) in apposition.

Diagnosis. Males can be distinguished from those of congeners, except L. kagami
Wei & Lin, sp. nov., in lacking the BSC (Fig. 4A), contrary to other species (cf. Xu
et al. 2022: figs 3B, 5E, 6B, 7E, 10B, 12B, 14D), and in having the contrategulum
bearning relatively dense, smaller serrated teeth (Fig. 4B, E), rather than sparse and
larger teeth in other species (cf. Xu et al. 2022: figs 3A, 5D, 6B, 7D, 10H, 12D, 14H).
Males also differ from L. kagami sp. nov. in having two nearly invisible lateral teeth
on the middle portion of the conductor and the longer TA (Fig. 4A-C, E, F), rather
than two relatively larger teeth and a shorter TA in the latter (Fig. 7B-D, F). Females
differ from those of congeners in having the paired receptacular clusters situated at
the relatively short genital stalks and in the relatively smaller size (Fig. 4G, H), rather
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Figure 3. New species of Luthela A, B, G L. asuka sp. nov. from Longquanyi District, Chengdu
C, D, H, I L. beijing sp. nov. from Zizhuyuan Park, Beijing E, F L. kagami sp. nov. from Guihua Town-
ship, Pengzhou City A, C, E male habitus, dorsal view B, D, F female habitus, dorsal view G female
haibitus, ventral view H living female, dorsal view | burrow, vertical section, with red arrow pointing to

the spider. Photographs by Chao Wu (H, I). Scale bars: 5.00 mm.
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LT ,
Figure 4. Luthela asuka sp. nov. A male left palp bulb, prolateral view B male left palp bulb, ventral view
C male left palp bulb, retrolateral view D left cymbium, ventral view E left palpal bulb, apical view F right

palpal bulb, apical view G vulva, ventral view H vulva, dorsal view. Green arrows indicate small teeth on
conductor. Scale bars: 0.50 mm.
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than the long genital stalks and the larger size (cf. Xu et al. 2022: figs 4, 5H, I, 6H-M,
8,9, 11, 13, 14H-M). Females differ from those of L. kagami sp. nov. in having the
receptacular clusters relatively separated and the lateral pair larger than the middle pair
(Fig. 4G, H), rather than closer and nearly equal in size (Fig. 7G, H).

Description. Male (holotype) (Fig. 3A). Carapace red; cervical and radial groove
distinct. Cephalic region moderately raised. Chelicerae robust; fang furrow with 11
promarginal teeth of variable size. Sternum longer than wide. Abdomen pale yellow,
with 5 large dorsal and 2 small posterior tergites, 4 tapering setae near posteromargin
of 5 large tergites, and 2 on the rest. Seven spinnerets. Measurements: body 12.06
long. Carapace 5.59 long, 5.09 wide. Abdomen 5.92 long, 4.51 wide. Sternum 2.49
long, 1.91 wide. ALE > PLE > PME > AME. Leg I 18.00 (4.90 + 5.58 + 4.66 + 2.86),
leg I1 18.08 (4.54 + 5.42 + 5.04 + 3.08), leg IIT 19.31 (4.20 + 5.41 + 5.87 + 3.83), leg
IV 26.76 (6.21 + 7.70 + 8.10 + 4.76).

Palp (Fig. 4A-F): prolateral paracymbium pale, weakly sclerotized, with numerous
setae and spines at distal and retrolateral surface. Contrategular margin denticulate,
with large teeth on proximal part and smaller but denser teeth on distal part. Marginal
apophysis of tegulum serrated, with tapering terminal apophysis of tegulum, margin of
dorsal extension of terminal apophysis with teeth varied in size and distance. Conductor
smooth, fused to embolic base, with large apical spine and 2 tiny lateral spines on mid-
dle portion. Embolus with translucent, flat opening and several ribbed ridges distally.

Female (one of paratypes) (Fig. 3B, G). Carapace red, with dark pattern; cervical
and radial grooves distinct, with sparse spines. Cephalic region slightly elevated. Cheli-
cerae more robust than male, fang furrow with 12 promarginal teeth of variable size,
larger than male. Sternum longer than wide. Abdomen pale, with five large and five
small tergites; chaetotaxy on tergites as in male. Seven spinnerets. Measurements: body
16.12 long. Carapace 7.02 long, 6.94 wide. Abdomen 8.93 long, 8.08 wide. Sternum
3.39 long, 1.86 wide. ALE > PLE > PME > AME. Leg I 14.84 (4.80 + 5.50 + 2.57
+1.97), leg IT 14.96 (4.59 + 4.66 + 3.32 + 2.39), leg 111 14.70 (4.64 + 4.61 + 2.94 +
2.51), leg IV 22.24 (6.57 + 6.64 + 5.83 + 3.20).

Female genitalia (Fig. 4G, H). Two pairs of receptacular clusters situated on short
and thick stalks; lateral pair relatively larger than middle pair. Middle pair of receptacu-
lar clusters separated from each other, situated on anteromargin of bursa copulatrix;
lateral receptacular clusters situated slightly dorsolaterally.

Distribution. Known only from the type locality (Fig. 8).

Luthela beijing Wei & Lin, sp. nov.
https://zoobank.org/AEB13509-6970-44FE-8CC9-40963F20B516
Figs 3C, D, H, 1, 5, 6

Material examined. Holotype & and paratypes 14 29, CHiNA: Beijing, Haidian
District, near Baishi Bridge, Zizhuyuan Park, 39.9393°N, 116.3110°E, 55 m elev.,
15.V1.2022, H. Yang leg. Deposited in NHMSU.
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Figure 5. Luthela beijing sp. nov., male holotype A left palp, prolateral view B left palp, ventral view

C left palp, retrolateral view D right palpal bulb, ventral view E right palpal bulb, dorsal view F right pal-

pal bulb, apical view. Green arrows in B, C, and F indicate small teeth on conductor. Scale bars: 0.50 mm.

Etymology. The specific epithet derives from the type locality; noun in apposition.

Diagnosis. Males of this new species can be recognized from those of other con-
geners, except L. handan, L. schensiensis, L. yiyuan, and L. yuncheng, by the conductor
having 2 spines of nearly equal length and by having a lateral tooth on the middle
portion of conductor (Fig. 5B, F), rather than 2 spines in unequal length or lacking a
lateral tooth on the conductor (cf. Xu et al. 2022: figs 5B, D, 6A, E, 12A, B, D). Males
differ from those of L. schensiensis and L. yuncheng in having 6 or 7 large teeth on the
contrategular (Figs 5E 6A), rather than 7-10 in L. schensiensis and 8 in L. yuncheng. (cf.
Xu etal. 2022: figs 10G, K, 14D). Males differ from those of L. yiyuan by the margin of
the contrategular having relatively longer teeth and the distal tooth bifurcated (Figs 5B,
6A, D), rather than shorter teeth on contrategular and the distal tooth with 3 serrations.
(cf. Xu et al. 2022: fig. 3G, K). And males differ from those of L. handan in having the
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Figure 6. Luthela beijing sp. nov. A=D left palpal bulb E~=H female genitalia A, F, H dorsal view

B, E, G ventral view C retrolateral view D apical view. Scale bars: 0.50 mm.

basal spine of conductor thinner and shorter and the promixal part of the margin of the
marginal apophysis with a row of smaller teeth (Figs 5B, E 6B, D), rather than with a
thick, long basal spine on the conductor and the proximal margin of the marginal apo-
physis with 3 larger teeth. (cf. Xu et al. 2022: fig. 7E, G). Females can be distinguished
from those of congeners in having the 2 paired receptacular clusters with longer genital
stalks and the lateral pair equal to ca 2x size the middle ones (Fig. 6E-H), rather than
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shorter genital stalks and the lateral receptacular clusters greater than 3x or less than
2x the middle ones in size (cf. Xu et al. 2022: figs 4, 5H, I, 6H-M, 8, 9, 11, 13, 14).

Description. Male (holotype) (Fig. 3C). Carapace black in life; cervical and radial
grooves distinct, with sparse spines. Cephalic region moderately raised. Chelicerae ro-
bust; fang furrow with 9 promarginal teeth of variable size. Sternum longer than wide.
Abdomen pale, with short setae, with 4 large dorsal and 6 small posterior tergites. Four
tapering setae near posteromargin of large tergites, 2 on the rest. Seven spinnerets.
Measurements: body 14.89 long. Carapace 6.22 long, 5.38 wide. Abdomen 7.82 long,
4.08 wide. Sternum 2.99 long, 1.86 wide. ALE > PLE > PME > AME. Leg I 17.62
(5.13 + 5.26 + 4.46 + 2.77), leg I1 17.93 (5.26 + 5.49 + 4.36 + 2.82), leg I1I 19.34
(4.89 +5.62 + 5.47 + 3.306), leg IV 25.27 (6.04 + 7.29 + 7.79 + 4.15).

Palp (Figs 5SA-F, 6A-D): prolateral paracymbium pale, weakly sclerotized; distal
and retrolateral sides with numerous setae and spines. Contrategulum with denticulate
margin, with 7 teeth, the fifth bifurcated, and only 4 large teeth visible in dorsal view.
Posterior part of marginal apophysis of tegulum serrated, with regular, small denticles;
terminal apophysis of tegulum relatively long, apex pointed in distal view, margin of
dorsal extension of terminal apophysis with teeth nearly equal in size and distance.
Conductor smooth, fused to embolic base, 2 long spines separated at a wide angle, a
small tooth located between upper spines and lower spines of conductor. Embolus with
translucent, flat opening, and several ribbed ridges distally.

Female (one of paratypes) (Fig. 3D, H, I). Carapace red; cervical and radial grooves
distinct, with sparse spines. Cephalic region slightly elevated. Chelicerae more robust
than male; fang furrow with 10 promarginal teeth of variable size; larger than male.
Sternum longer than wide. Abdomen pale, with 4 large and 6 small tergites; chaetotaxy
on tergites as in male. Seven spinnerets. Measurements: body 18.12 long. Carapace
7.36 long, 7.29 wide. Abdomen 9.72 long, 7.28 wide. Sternum 3.62 long, 2.49 wide.
ALE > PLE > PME > AME. Leg 1 15.63 (5.01 + 5.54 + 3.05 + 2.03), leg IT 14.80 (4.90
+4.72 + 3.08 + 2.10), leg II1 16.22 (4.99 + 5.29 + 3.70 + 2.24), leg IV 23.23 (6.22 +
7.10 + 6.27 + 3.64).

Female genitalia (Fig. 6GE-H). Two pairs of receptacular clusters situated on
stalks, middle pair of receptacular clusters separated from each other, on anteromargin
of bursa copulatrix, distinctly smaller than lateral pair. Lateral receptacular clusters
dorsolateral, stalks thick.

Distribution. Known only from the type locality (Fig. 8).

Luthela kagami Wei & Lin, sp. nov.
https://zoobank.org/20078EAE-3269-428C-8640-54398 ACBCOOF
Figs 3E, F, 7

Type material. Holotype &', CHINA: Sichuan Province, Pengzhou, Guihua County,
31.0548°N, 103.8100°E, 664 m elev., 4.X.2021, Y. He leg.; paratypes 29, same data
as holotype, 30.1.2023, S. Wang and M. Wei leg. Deposited in NHMSU.
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Figure 7. Luthela kagami sp. nov. A male left palp, prolateral view B male left palp, ventral view C male
left palp, retrolateral view D right palpal bulb, ventral view E right palpal bulb, dorsal view F right palpal
bulb, apical view G vulva, ventral view H vulva, dorsal view. Green arrows in B and F indicate small teeth

on conductor. Scale bars: 0.50 mm.
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Etymology. The specific epithet is from “Hiiragi Kagami”, a fictional charac-
ter from the comic “Lucky Star” (written and illustrated by the Japanese cartoonist
Yoshimizu Kagami) with haircut similar to “Asuka Langley Soryu” (see Etymology of
Luthela asuka sp. nov.); the name refers to the great similarity between these two new
species; noun (name) in apposition.

Diagnosis. Males can be distinguished from those of other congeners, except
L. asuka sp. nov., in lacking BSC (Fig. 7A), in contrast to other species (cf. Xu et al.
2022: figs 3B, 5E, 6B, 7E, 10B, 12B, 14D), and in the contrategulum having relatively
dense, smaller serrated teeth (Fig. 7B, F), rather sparse but larger teeth in other species
(cf. Xu et al. 2022: figs 3A, 5D, 6B, 7D, 10H, 12D, 14H). Males differ from those of
L. asuka sp. nov. in having two relatively large teeth on the middle portion of conductor
and a shorter TA (Fig. 7B-D, F), rather than with two tiny, nearly invisible teeth and
a longer TA (Fig. 4A, B, E). Females differ from congeners, except L. asuka sp. nov., in
having the paired receptacular clusters with relatively short genital stalks and in their
relatively smaller size (Fig. 7G, H), rather than long genital stalks and large size (cf. Xu
etal. 2022: figs 4, 5H, I, 6H-M, 8, 9, 11, 13, 14H-M). Females can be distinguished
from L. asuka sp. nov. in having the receptacular clusters close and nearly equal in size
(Fig. 7G, H), rather than separated and with the lateral pair larger than the middle pair
(Fig. 4G, H).

Description. Male (holotype) (Fig. 3E). Carapace red; cervical and radial grooves
distinct. Cephalic region moderately raised. Chelicerae robust; fang furrow with 12
promarginal teeth of variable size. Sternum longer than wide. Abdomen pale yellow,
with 5 large dorsal and 2 small posterior tergites, 4 tapering setae near posteromargin
of 5 large tergites and 2 on the rest. Seven spinnerets. Measurements: body 11.27 long.
Carapace 5.50 long, 4.97 wide. Abdomen 5.77 long, 4.28 wide. Sternum 2.41 long,
1.89 wide. ALE > PLE > PME > AME. Leg I 17.84 (4.87 + 5.53 + 4.62 + 2.82), leg
I117.89 (4.50 + 5.37 + 4.97 + 3.05), leg II1 19.19 (4.19 + 5.38 + 5.83 + 3.79), leg IV
26.62 (6.18 + 7.67 + 8.05 + 4.72).

Palp (Fig. 7A-F): prolateral paracymbium pale, weakly sclerotized, with numerous
setae and spines at distal and retrolateral sides. Contrategular margin denticulate, with
large teeth on proximal part, and smaller but denser teeth distally. Marginal apophysis
of tegulum serrated, with relatively short terminal apophysis of tegulum; margin of dor-
sal extension of terminal apophysis with teeth varied in size and distance. Conductor
smooth, fused to embolic base, with large apical spine and 2 small lateral spines on mid-
dle portion. Embolus with translucent, flat opening and several ribbed ridges distally.

Female (one of paratypes) (Fig. 3F). Carapace red, with dark pattern, cervical and ra-
dial grooves distinct, with sparse spines. Cephalic region slightly elevated. Chelicerae more
robust than male, fang furrow with 12 promarginal teeth of variable size, larger than male.
Sternum longer than wide. Abdomen pale, with 5 large and five 5 tergites; chaetotaxy on
tergites as in male. Seven spinnerets. Measurements: body 15.74 long. Carapace 7.00 long,
6.93 wide. Abdomen 8.89 long, 8.21 wide. Sternum 3.24 long, 1.79 wide. ALE > PLE >
PME > AME. Leg 1 14.70 (4.77 + 5.47 + 2.55 + 1.91), leg I 14.85 (4.57 + 4.63 + 3.30 +
2.35), leg Il 14.61 (4.61 + 4.59 + 2.92 + 2.49), leg IV 22.15 (6.54 + 6.63 + 5.82 + 3.16).
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Figure 8. Distribution records of 11 Luthela species. 1 = L. asuka sp. nov., 2 = L. badong, 3 = L. beijing
sp. nov., 4 = L. dengfeng, 5 = L. handan, 6 = L. kagami sp. nov., 7 = L. luotianensis, 8 = L. schensiensis,
9 = L. taian, 10 = L. yiyuan, 11 = L. yuncheng.

Female genitalia (Fig. 7G-H). Two pairs of receptacular clusters on short, thick
stalks, close to each other, nearly equal in size. Middle pair of receptacular clusters
separated from each other, on anteromargin of bursa copulatrix; lateral receptacular
clusters set slightly dorsolaterally.

Distribution. Known only from the type locality (Fig. 8).
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Abstract

Collections of thomisid spiders by amateur and professional arachnologists in China have led to the dis-
covery of some interesting crab spiders (Thomisidae). Two new species in two genera of thomisid spiders
are described and illustrated with photographs and SEMs: Pharta xizang Liu & Yao, sp. nov. (2) and
Stephanopis giong Liu & Yao, sp. nov. (?). The previously unknown males of Borboropactus longidens
Tang & Li, 2010 and Stephanapis xiangzhouica Liu, 2022 were also collected and are described for the
first time. The genus Borboropactus Simon, 1884 is reported for the first time from Vietnam. The new
Stephanopis species is also recorded for only the second time from the Asian mainland. Distributions of
all these species are mapped.
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Introduction

The family Thomisidae, the crab spiders, is the seventh largest spider family with a
global distribution, comprising 2165 extant species belonging to 171 genera (WSC
2022). Of these, 312 species from 53 genera were recorded from China (WSC 2022).
More than 50% of the Chinese species are from southern provinces of this country,
such as Yunnan, Hainan and Hunan. Only a few percent of the total Chinese number
of species have been reported in the past ten years (Li and Lin 2016; Liu et al. 2017,
2022b, 2022¢; Yu and Zhang 2017; Yu et al. 2017; Tian et al. 2018; Lin et al. 2019,
2022; Huang and Lin 2020; Wang et al. 2020; Liu et al. 2021; Zhang et al. 2022).
China not only has the most species- and genus-rich thomisid fauna, but for approxi-
mately 65%, only one of the sexes has been described, which represents a challenge for
future taxonomic revisions (Li 2020). However, only a few papers (Meng et al. 2019;
Wang et al. 2020; Liu et al. 2022¢; Lin et al. 2022) have revised the species of these
single-sex species, and there are still many poorly known species from southern China
with unusual morphological characteristics (Liu et al. 2022a).

In the past five years, specimens have been collected by spider enthusiasts and col-
leagues. When examining these spider specimens collected from Tibet, Guangdong,
Fujian and Hainan provinces, two new thomisid species were identified, two males of
Borboropactus longidens Tang & Li, 2010 and Stephanopis xiangzhouica Liu, 2022 were
found for the first time. The aims of the present paper are (1) to provide detailed de-
scriptions of two new species, (2) to provide descriptions of previously unknown males
of these two species and (3) to provide the second record of the genus Stephanopis from
the Asian mainland.

Materials and methods

Specimens were examined using a SZ6100 stereomicroscope. Both male and female
copulatory organs were dissected and examined in 95% ethanol using an Olympus
CX43 compound microscope with a KUY NICE CCD camera. The epigynes were
cleared with pancreatin solution (Alvarez-Padilla and Hormiga 2007). Specimens, in-
cluding dissected male palps and epigynes, were preserved in 75% ethanol after exami-
nation. For SEM photographs, the specimens were dried under natural conditions and
photographed with a ZEISS EVO LS15 scanning electron microscope. Specimens,
including the detached male palps or female genitalia, were stored in 75% ethanol after
examination. Types are deposited in the Animal Specimen Museum, College of Life
Science, Jinggangshan University (ASM-JGSU).

All morphological measurements were taken using a Zeiss Stereo Discovery V12
stereomicroscope with Zoom Microscope System (Software: AxioVision SE64 Version
4.8.3) and are given in millimetres. The body length of all specimens was taken from
the anterior margin of the clypeus to the posterior end of the abdomen, excluding the
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spinnerets. Terminology of the male and female genitalia follows Benjamin (2011),

Meng et al. (2019), and Liu et al. (2022c¢). Leg measurements are given as total length

(femur, patella, tibia, metatarsus, tarsus). Leg spines were documented by dividing each

leg segment into four aspects: dorsal (d), prolateral (p), retrolateral (r) and ventral (v).
The abbreviations used in the figures and text are as follows:

ALE anterior lateral eye;

AME anterior median eye;

At atrium;

CDh copulatory duct;

CO copulatory opening;

Con conductor;

d dorsal;

Em embolus;

ET epigynal tooth;

FD fertilization duct;

GA glandular appendage;
IZCAS  Institute of Zoology, Chinese Academy of Sciences in Beijing;
MA median apophysis;

MF median field;

MOA median ocular area;

MS membranous sac;

P prolateral;

PLE posterior lateral eye;

PME posterior median eye;

r retrolateral;

RTA retrolateral tibial apophysis;
Sp spermatheca;

St subtegulum;

TR transverse ridge of copulatory opening;
v ventral;

VTA ventral tibial apophysis.
Taxonomy

Family Thomisidae Sundevall, 1833
Genus Borboropactus Simon, 1884

Comments. This genus includes 17 species, all of which are distributed in tropical
Africa and Asia (WSC 2022). Most species (10 species) are described based either on
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single females or single males (Li and Lin 2016) and taxonomic species identifica-
tion is therefore challenging. In China, two species are known only from a single sex,
B. biprocessus Tang, Yin & Peng, 2012 (male) and B. longidens Tang & Li, 2010 (fe-
male) (Tang and Li 2010; Yin et al. 2012).

Borboropactus longidens Tang & Li, 2010
Figs 1-3

Borboropactus longidens Tang & Li, 2010: 21, figs 15A-D, 16A, B (?).

Material examined. 1 &, 1 @, CHina, Hainan, Ledong County, Jianfengling Na-
tional Natural Reserve, Mingfenggu Scenic Spot, 18°44'25.87"N, 108°50'47.83"E,
1-31 May 2021, Yunhu Mo leg. (Tho-293, ASM-JGSU); 1 &, 2 @, Vietnam, Tam
Dao National Park, Vinh Phuc, Vietnam Natural Forest, 21°29.55'N, 105°37.42'E,
1063 m, 12 September. 2007, Pham Dinh Sac leg. (IZCAS, examined by Yejie Lin).

Diagnosis. The male of this species resembles that of Borboropactus edentatus Tang
& Li, 2010 (see Tang and Li 2010: 12, fig. 6A-D) by having the embolus lacking the
spiralling tip, but can be easily distinguished by the round median apophysis (vs. oval
in B. edentatus), the tibia with a horn-like retrolateral apophysis as long as the tibia
(vs. triangular, shorter than tibia in B. edentatus), and lacking the dorsal apophysis (vs.
present in B. edentatus) (Figs 1G-], 2). The female of this new species differs from that
of B. edentatus (see Tang and Li 2010: 12, fig. 7B, C) by the narrow median field (vs.
lacking), the slender epigynal teeth (vs. lacking), and the L-shaped copulatory ducts
(vs. oval) (Fig. 3L, J).

Description. Male. Habitus as in Fig. 1A, B. Total length 7.15, prosoma length
3.36, width 3.00, anteriorly narrowed to 0.41x its maximum width. Eye diameters
(Fig. 1C): AME 0.16, ALE 0.17, PME 0.15, PLE 0.20; interdistances: AME-AME
0.12, AME-ALE 0.14, PME-PME 0.17, PME-PLE 0.31, AME-PME 0.21, AME-
PLE 0.45, ALE-ALE 0.73, PLE-PLE 1.03, ALE-PLE 0.20. MOA 0.51 long, front
width 0.43, back width 0.44. Chelicerae (Fig. 1D, E) with four promarginal teeth,
three retromarginal teeth, including a vestige tooth, and four small denticles in-be-
tween the teeth. Endites (Fig. 1B) nearly quadrilateral, with dense setae on surface.
Labium (Fig. 1B) rectangular, anteriorly with strong setae. Sternum (Fig. 1B) broadly
oval, with dense setae around margin. Legs measurements: I 10.58 (3.1, 1.55, 3, 2.02,
0.91); I17.45 (2.5, 0.88, 2.32, 1.19, 0.56); 111 7.63 (1.88, 0.95, 2.11, 1.91, 0.78); IV
9.22 (2.01, 1.91, 2.01, 2.16, 1.13); spination (Fig. 1A, B, F): I Fe: p2, v2; Ti: d4, v10;
Mzt: d3, v6; 11 Pa: d1; Ti: d4, v10; Mt: d2, v6; 111 Fe: d1; Ti: d3; Mt: d3; IV: Fe: d2; Ti:
d4; Mt: d3; cusps: I Fe: 8; II Fe: 1. Opisthosoma (Fig. 1A, B) length 3.79, width 3.22,
dorsally with abundant macrosetae on posterior part.

Colouration (Fig. 1A, B). Prosoma yellow to dark brown, densely covered white
feathery setae, with an approximate U-shaped yellowish marking medially and dark
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Figure 1. Borboropactus longidens Tang & Li, 2010, male A habitus, dorsal view B same, ventral view

C eyes, dorsal view D chelicera, dorsolateral view E same, ventral view F leg I, ventral view G palp,
ventro-prolateral view H same, ventral view | same, ventro-retrolateral view ) same, retro-dorsal view.
Abbreviations: Con — conductor, Em — embolus, MA — median apophysis, RTA — retrolateral tibial apo-
physis. Scale bars: 0.5 mm (A, B); 0.2 mm (C); 0.1 mm (D-])).

thin radial markings around the fovea. Chelicerae, endites, and labium yellow-brown.
Sternum yellow. Legs from yellow to dark brown, mottled. Opisthosoma yellow to

greyish black.
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3 ",

Figure 2. SEM micrographs of Borboropactus longidens Tang & Li, 2010, male palp A retrolateral view
B same, details of retrolateral tibial apophysis € same, details of conductor and embolus D same, details
of embolic tip E ventral view F same, detail of conductor and embolus G same, details of conductor and
embolic tip. Abbreviations: Con — conductor, Em — embolus, MA — median apophysis, RTA — retrolateral

tibial apophysis.

Palp (Figs 1G-], 2). Palp with a relative long and strong retrolateral tibial apo-
physis (R7A), extending dorsally, as long as tibia in retrolateral view; median apophy-
sis (MA) pear-shaped, located at submedian-retrolateral of tegulum; conductor (Con)
translucent, with broad base and apex, nearly as long as 1/3 of tegulum; embolus ()
flatted-shaped, slightly less than tegular length, originating at the 6 o’clock position of
tegulum, with a membranous anterior part and spine-like apex.

Female. Habitus as in Fig. 3A-D. As in male except as follows. Total length 10.67,
prosoma length 4.46, width 4.32, anteriorly narrowed to 0.44x its maximum width.
Eye diameters (Fig. 3E): AME 0.16, ALE 0.19, PME 0.17, PLE 0.20; interdistances:
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Figure 3. Borboropactus longidens Tang & Li, 2010, female A prosoma, dorsal view B same, ventral view
C opisthosoma, dorsal view D same, ventral view E eyes, dorsal view F chelicera, dorsal view G same,
ventral view H leg I, ventral view | epigyne, dorsal view ] same, ventral view. Abbreviations: CD — copula-
tory duct, CO — copulatory opening, ET — epigynal tooth, MF — median field, Sp — spermatheca. Scale
bars: 0.5 mm (A-D); 0.2 (E); 0.1 mm (F-J).
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AME-AME 0.15, AME-ALE 0.27, PME-PME 0.24, PME-PLE 0.47, AME-PME
0.34, AME-PLE 0.68, ALE-ALE 0.99, PLE-PLE 1.44, ALE-PLE 0.36. MOA 0.64
long, front width 0.45, back width 0.54. Chelicerae (Fig. 3F, G) with five promarginal
teeth, four retromarginal teeth, including a vestige tooth, and nine small denticles
in-between teeth. Labium (Fig. 3B) wider than long. Legs (Fig. 3A-D, H) measure-
ments: 1 10.91 (3.45, 1.35, 3.35, 2.01, 0.75); I1 8.73 (2.5, 1.25, 2.41, 1.88, 0.69); 111
9.95 (2.67, 1.11, 2.5, 2.53, 1.14); IV 10.3 (2.75, 1.52, 2.38, 2.44, 1.21); spination
(Fig. 3A-D, H): I Fe: p2; Ti: v11; Mt: d3, v6; II Ti: d3, v9; Mt: d3, v6; 11T Fe: d1; Ti:
d4; Mt: d3; cusps: I Fe: 18; IT Fe: 1; IV Fe: 1. Opisthosoma (Fig. 3C, D) length 6.21,
width 5.32.

Colouration (Fig. 3A-D). Prosoma medially with a fine dark mark. Chelicerae,
endites, and labium red-brown. Opisthosoma white to dark brown.

Epigyne (Fig. 31, ]). Median field (MF) flask-like, subposterior part broader than
other parts; epigynal teeth (£7) very long, as long as 1/2 of median field, arising me-
dian-bilaterally; copulatory openings (CO) arising from anterior part of maximum
median field; copulatory ducts (CD) broad, wider than spermathecae, both ends swol-
len, sloping C-shaped, located at median of vulva, anterior part widely separated by
its maximum width, and posterior part are approaching each other; spermathecae (Sp)
C-shaped, median part have a constriction, posterior part close touching, both ends
slightly swollen.

Distribution. Known from China (Hainan) and Vietnam (Fig. 10).

Genus Pharta Thorell, 1891

Comments. This genus includes ten species distributed in Asia (Benjamin 2014; WSC
2022). Half of them (5 species) are recorded from China, where it is known from Yun-
nan, Guizhou, and Jiangxi provinces (Tang et al. 2009; Wang et al. 2016; Liu et al.
2022c). No species were recorded from Tibet Province.

Pharta xizang Liu & Yao, sp. nov.
https://zoobank.org/4B8EIC66-615E-4DCC-93A5-5A439C23ADB3
Fig. 4

Type material. Holotype : Crina, Tibet, Linzhi City, Motuo County, near Lianhua
Hotel, 29°19'31.07"N, 95°19'59.51"E, 1101 m, 17 July 2017, Jian Chen, Jie Liu,
Man Fang, Zengtao Zhang and Fengxiang Liu leg. (Tho-296, ASM-JGSU).
Etymology. The specific name derived from the Chinese Pinyin for Tibet; noun
in apposition.
Diagnosis. The male of this new species resembles Pharta tengchong (Tang, Gris-
wold & Yin, 2009) (see Tang et al. 2009: 47, fig. 6A-F) in having the prosoma with an
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Figure 4. Pharta xizang sp. nov., female holotype, preserved A habitus, dorsal view B same, ventral view
C eyes, dorsal view D chelicera, ventrolateral view E leg I, ventro-retrolateral view F epigyne, dorsal view
G same, ventral view. Abbreviations: At — atrium, CO — copulatory opening, FD — fertilisation duct,

Sp — spermatheca. Scale bars: 0.5 mm (A, B); 0.2 mm (C); 0.1 mm (D-G).
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inverted triangular black-brown marking and the touching anterior spermathecae with
a bent part, but differs from it by the copulatory openings being hidden by cambered
atrial lateral margins directed medially (vs. bilaterally in P tengchong) and the separated
posterior spermathecae (vs. closely touching in P tengchong) (Fig. 4F, G).

Description. Female. Habitus as in Fig. 4A, B. Total length 4.62, prosoma length
1.98, width 1.89, anteriorly narrowed to 0.50x its maximum width. Eye diameters
(Fig. 4C): AME 0.05, ALE 0.13, PME 0.10, PLE 0.11; interdistances: AME-AME
0.10, AME-ALE 0.07, PME-PME 0.13, PME-PLE 0.14, AME-PME 0.19, AME-
PLE 0.32, ALE-ALE 0.32, PLE-PLE 0.59, ALE-PLE 0.14. MOA 0.32 long, front
width 0.20, back width 0.31. Chelicerae (Fig. 4D) with three small promarginal teeth
and three retromarginal teeth (median and distal touching). Endites (Fig. 4B) nearly
quadrilateral, slightly longer than wide. Labium (Fig. 4B) rectangular, wider than long,
anteriorly with strong setae. Sternum (Fig. 4B) oval, longer than wide, with notch
anteromedially. Legs measurements (Fig. 4A, B, E): I 6.12 (1.73, 0.78, 2.21, 1.04,
0.36); 11 7.21 (2.27, 0.86, 2.09, 1.4, 0.59); III 3.19 (0.88, 0.4, 1.02, 0.45, 0.44); IV
4.67 (1.51, 0.58, 1.17, 0.91, 0.5); spination (Fig. 4A, B, E): I Fe: d5, p2, r1; Ti: p2,
12,v10; Mt: p1, r1, v8; Il Fe: d2; Pa: p1; Ti: p3, r3, v10; Mt: pl1, rl, v8; III Fe: d2; Pa:
pl; Ti: d2, v2; Mt: d5, v1; IV: Fe: d1; Pa: d1; Ti: d2, p2, v1; Mt d1, p2. Opisthosoma
(Fig. 4A, B) length 2.63, width 2.40.

Colouration (Fig. 4A, B). Prosoma yellow-brown, medially with single broad,
dark brown, mottled band, laterally with fringe-shaped dark brown, mottled stripe.
Chelicerae yellowish to dark brown. Endites yellow. Labium yellow-brown. Sternum
yellow. Legs: tibia and metatarsus I yellow-brown, other segments yellow with a few
dark spots, distal parts of tibiac and metatarsi III and IV with dark brown annulations.
Opisthosoma grey to dark, with net-like mottled markings and sparse white guanine
spots; venter yellow to dark brown, laterally with sparse white guanine spots.

Epigyne (Fig. 4F G). Epigyne heart-shaped, 1.2x wider than long. Copulatory
openings (CO) visible, hidden by hood-shaped atrium (A47). Copulatory ducts not vis-
ible, possibly absent. Spermathecae (Sp) C-shaped, ca. 2x longer than wide, anterior
part of spermathecae closely touching, posterior parts slightly separated. Fertilisation
ducts (FD) slightly less than the length of spermatheca, directed laterally.

Distribution. Known only from the type locality in Tibet, China (Fig. 10).

Genus Stephanopis O. Pickard-Cambridge, 1869

Comments. This genus includes 24 species mainly distributed in Australasia,
South America, and Asian mainland (WSC 2022). Nearly half of them (11 spe-
cies) are described based either on single females or males (WSC 2022). Only
one species was recorded from China on the Asian mainland, S. xiangzhouica Liu,
2022 (Liu et al. 2022c¢). Unfortunately, it is known only from the female in Jiangxi
Province, China.
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Stephanopis qiong Liu & Yao, sp. nov.
https://zoobank.org/3DC97292-727A-461B-84DA-AEB83E2AB902
Figs 5, 6

Type material. Holotype ©: CHiNa, Hainan, Ledong County, Jianfengling National
Natural Reserve, Mingfenggu Scenic Spot, 18°44'25.87"N, 108°50'47.83"E, 4 April
2021, Yunhu Mo leg. (Tho-292, ASM-JGSU).

Etymology. The specific name refers to the Chinese abbreviation for Hainan Prov-
ince; noun in apposition.

Diagnosis. The female of this new species resembles Stephanopis xiangzhouica Liu,
2022 (see Liu et al. 2022c¢: 64, fig. A, B) in having the copulatory openings hidden by
a transverse ridge, but can be distinguished by the inverted heart-shaped atrium (vs.
oval) and the tube-shaped spermathecae separated by nearly as long as their width (vs.
the oval spermathecae separated by their half width) (Fig. 5G, H).

Description. Female (holotype). Habitus as in Figs 5A, B, 6C, D. Total length
5.46, prosoma (Fig. 5A, B) length 2.32, width 2.86, anteriorly narrowed to 0.43x its
maximum width, covered with numerous strong, short, radially distributed peg-like
setae and dense short plumose setae, with three rows of short, strong setae along the
midline. Eye diameters (Fig. 5C): AME 0.05, ALE 0.11, PME 0.08, PLE 0.09; inter-
distances: AME-AME, 0.10, AME-ALE, 0.12, PME-PME, 0.25, PME-PLE, 0.14,
AME-PME, 0.36, AME-PLE, 0.39, ALE-ALE, 0.37, PLE-PLE 0.67, ALE-PLE,
0.16. MOA 0.44 long, front width 0.19, back width 0.41. Chelicerae (Fig. 5D, E)
with three promarginal and two retromarginal teeth, and a small denticle in-between.
Endites (Fig. 5B) nearly quadrilateral, longer than wide. Labium (Fig. 5B) rectangular,
wider than long, anteriorly with strong setae. Sternum oval, anteriorly flattened, as
long as wide, covered by very dense setae. Legs measurements (Fig. 5A, B, F): 19.17
(3.09, 1.53, 2.22, 1.55, 0.78); 11 6.86 (1.97, 1.14, 2.03, 1.28, 0.44); III 4.67 (1.39,
0.75, 1.31, 0.67, 0.55); IV 5.85 (1.69, 0.73, 1.21, 1.73, 0.49); spination (Fig. 5A, B,
F): ITi: d1, v8; Mt: d1, r1, v8; II Ti: d2, v8; Mt: d2, v8; III Pa: d1; cusps: I Fe: 5; Pa:
2; Ti: 3; II Fe: 9; Pa: 3; Ti: 3; IV Fe: 2. Opisthosoma (Fig. 5A, B) length 3.14, width
3.87, pentagonal with a notch posteromedially; dorsum covered with sparse peg-like
setae; venter with numerous plumose setae medially.

Colouration (Fig. 5A, B). Prosoma reddish brown, with radial, irregular, dark
brown mottled markings in the surface. Chelicerae, endites, labium, and sternum yel-
low-brown. Legs yellow to yellow-brown. Opisthosoma white to yellow, with numer-
ous irregular guanine spots; venter yellow, with a few guanine spots on lateral parts.

Epigyne (Fig. 5G, H). Epigyne oval, wider than long. Atrium (A42) large, inverted
heart-shaped, covering 2/3 of epigynal field. Copulatory openings (CO) invisible,
hidden by a transverse ridge (7R). Copulatory ducts very short, touching. Mem-
branous sacs (AS) transparent, located anteriorly, covering 2/3 of epigynal plate,
slightly separated. Glandular appendages (GA) nearly spherical, almost as long as
1/2 width of spermatheca. Spermathecae (Sp) tube-shaped, slightly separated by less
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Figure 5. Stephanapis qiong sp. nov., female holotype, preserved A habitus, dorsal view B same, ventral

view C eyes, dorsal view D chelicera, ventrolateral view E same, dorsolateral view F leg I, dorso-prolateral
view G epigyne, dorsal view H same, ventral view. Abbreviations: At — atrium, CO — copulatory opening,
FD — fertilisation duct, GA — glandular appendage, MS — membranous sac, Sp — spermatheca, TR — trans-
verse ridge of copulatory openings. Scale bars: 0.5 mm (A, B); 0.2 mm (C); 0.1 mm (D-H).

spermathecal width. Fertilisation ducts (FD) slightly less than the length of sper-
matheca, directed anterolaterally.

Male. Unknown.

Distribution. Known only from the type locality in Hainan Province, Chi-
na (Fig. 10).
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Figure 6. Photographs of living specimens from China A, B Stephanopis qiong sp. nov., female.

Stephanopis xiangzhouica Liu, 2022
Figs 7-9

Stephanopis xiangzhouica Liu, in Liu et al. 2022¢: 64, figs 12A-1, 13A, B (holotype
¢ from Jinggang National Nature Reserve, Jiangxi Province, deposited in ASM-
JGSU, No. Tho-17, examined).

Material examined. 1 3,1 @, CHINa, Guangdong, Ruyuan County, Nanling Nation-
al Natural Reserve, Waterfalls Scenic Spot, 24°54'52.11"N, 113°2'28.67"E, 779 m, 6
September 2020, Qingbo Huo leg. (Tho-295, ASM-JGSU).

Diagnosis. The male of this species resembles S. nigra O. Pickard-Cambridge,
1869 (see Machado et al. 2019: fig. 38C, D) in having a forked retrolateral tibial apo-
physis, but it can be distinguished by the retrolateral tibial apophysis being longer than
tibia (vs. less than tibial length) and the embolus with a hook-shaped apex (vs. flagel-
liform) (Figs 7F-1, 8). The male of this species also resembles S. altifrons O. Pickard-
Cambridge, 1869 (see Machado et al. 2019: 224, fig. 3C-F), S. carcinoides Machado,
2019 (see Machado et al. 2019: 243, fig. 20C, D), and S. /laza O. Pickard-Cambridge,
1869 (see Machado et al. 2019: 253, fig. 29C, D), but it can be easily distinguished
from them by the embolus having a hook-shaped apex (vs. flagelliform in all three spe-
cies) and the retrolateral tibial apophysis with two morphologically different branches
(dorsal branch much longer and thicker than the ventral) (vs. ventral branch much
longer and thicker than the dorsal in S. altifrons and S. carcinoides; ventral branch in-
distinct in S. Jaza) (Figs 7F-1, 8). Female diagnosis as in Liu et al. (2022¢).

Description. Male. Habitus as in Fig. 7A, B. Total length 4.77, prosoma length
2.17, width 2.29, anteriorly narrowed to 0.37x its maximum width, covered with
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€ .
F Ll s
Figure 7. Stephanopis xiangzhouica Liu, 2022, male, preserved A habitus, dorsal view B same, ventral
view C eyes, dorsal view D chelicera, ventral view E leg I, retrolateral view F palp, prolateral view G same,

ventral view H same, ventro-retrolateral view | same, retro-dorsal view. Abbreviations: Em — embolus,

RTA - retrolateral tibial apophysis. Scale bars: 0.5 mm (A, B); 0.2 mm (C); 0.1 mm (D-I).

.
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Figure 8. SEM micrographs of Stephanopis xiangzhouica Liu, 2022, male palp A ventral view B same,

details of embolus C retrolateral view D same, detail of retrolateral tibial apophysis. Abbreviations: Em —

embolus, RTA - retrolateral tibial apophysis.

numerous strong, short, radially peg-like setae and dense short plumose setae, with
three rows of short strong setae along midline. Eye diameters (Fig. 7C): AME 0.06,
ALE 0.13, PME 0.10, PLE 0.10; interdistances: AME-AME 0.09, AME-ALE 0.05,
PME-PME 0.21, PME-PLE 0.09, AME-PME 0.28, AME-PLE 0.34, ALE-ALE
0.13, PLE-PLE 0.60, ALE-PLE 0.13. MOA 0.42 long, front width 0.22, back width
0.41. Chelicerae (Fig. 7D) three promarginal teeth and one retromarginal tooth. En-
dites (Fig. 7B) nearly quadrilateral, longer than wide, laterally with long setae. Labium
(Fig. 7B) rectangular, wider than long, anteriorly with strong setae. Sternum round,
nearly as long as wide, covered by dense setae. Legs measurements (Fig. 7A, B, E): 1
4.49 (1.62, 0.73, 1.12, 0.67, 0.35); 1I 4 (1.35, 0.73, 0.98, 0.6, 0.34); 111 4.4 (1.37,
0.71, 1.08, 0.67, 0.57); IV 4.6 (1.63, 0.65, 1.06, 0.68, 0.58); spination (Fig. 7A,
B, E): I Fe: v2; Ti: d2, v8; Mt: v8; II Fe: v4; Ti: v8; Mt: d3, v8; III Ti: pl; cusps: I
Fe: 11; Pa: 4; Ti: 5; Mt: 2; II Fe: 11; Pa: 4; Ti: 4. Opisthosoma (Fig. 7A, B) length
2.58, width 2.11, pentagonal with pair of latero-posterior horns; dorsum covered
with sparse brown peg-like and small, dense, plumose setae; venter with numerous
plumose setae.

Colouration (Fig. 7A, B). Prosoma reddish brown. Chelicerae, endites, and la-
bium yellow-brown. Sternum yellow, with yellow-brown margin. Legs mottled, I and
IT yellow to reddish brown, III and IV grey to yellow. Opisthosoma grey to yellow-
brown, laterally with numerous irregular guanine spots; venter yellow.

Palp (Figs 7F-1, 8). Palp with a long retrolateral tibial apophysis (R7A4), pin-
cer-like in retrolateral view, longer than tibia; embolus (£m) flatted-shaped, with
broad base, less than tegular length, originating at approximately the 8 o’clock
position of the tegulum, with a distinct constriction in the subapical part, and a

hook-shaped apex.
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Figure 9. Stephanopis xiangzhouica Liu, 2022, female, preserved A habitus, dorsal view B same, ventral

view C eyes, dorsal view D chelicera, ventral view E leg I, prolateral view F epigyne, dorsal view G same,
ventral view. Abbreviations: At — atrium, CO — copulatory opening, FD — fertilisation duct, GA — glan-
dular appendage, MS — membranous sac, Sp — spermatheca, TR — transverse ridge of copulatory openings.
Scale bars: 0.5 mm (A, B); 0.2 mm (C); 0.1 mm (D=G).
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Figure 10. Records of Borboropactus longidens Tang & Li, 2010, Pharta xizang sp. nov., Stephanopis qiong
sp. nov. and S. xiangzhouica Liu, 2022 from Asia.

Female. Description in Liu et al. (2022¢) for female sex. Female habitus shown in
Fig. 9A, B; eyes, chelicerae, and leg I in Fig. 9C-E; and epigyne in Fig. 9E G.
Distribution. Known from Jiangxi and Guangdong provinces, China (Fig. 10).
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Abstract

One new species of the genus Pseudopoda Jiger, 2000, Pseudopoda deformis Gong & Zhong, sp. nov. (&,
Q), is described and documented with digital images from Shennongjia Forestry District, Hubei Province,
China, based on morphology and DNA barcodes. This new species is separated from other Psendopoda
species by the unique type of internal ducts of the female vulva that are curved longitudinally, forming a
narrow triangle or trapezoidal shape. In addition, DNA barcodes for this species are provided.

Keywords
DNA barcoding, Hubei, huntsman spiders, morphology, taxonomy

Introduction

Pseudopoda Jiger, 2000 is currently the largest genus in the family Sparassidae Bertkau,
1872. It comprises 251 species, of which 152 are recorded from China, representing
60.6% of the global species (WSC 2023). The genus has been recorded in areas from

Copyright Lijjun Gong et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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South Asia (49 species in Nepal, India, Bhutan, and Pakistan), East Asia (154 species
in China and Japan) and Southeast Asia (50 species in Myanmar, Thailand, Laos, and
Vietnam) (WSC 2023).

While examining specimens recently collected from Shennongjia Forestry District
of Hubei Province, central China, we found some huntsman spiders. The spiders de-
scribed in this paper were identified as a new species based on comparison with other
Pseudopoda species. The male palp of this new species has a slender embolus, and the
female vulva has unique internal ducts. We used DNA barcodes of the species to match
the sexes and for future use in identification.

Material and methods

Specimens were examined and measured with an Olympus SZX7 stereomicroscope.
Positions of tegular appendages are given according to clock positions, based on the
left palp in ventral view. Male and female copulatory organs were examined and il-
lustrated after dissection from the spider bodies; vulvae were cleared in a warm 10%
potassium hydroxide (KOH) solution. All photographs were captured with a KUY
NICE industrial digital camera (20.0 megapixels) mounted on an Olympus CX43
dissecting microscope and assembled using Helicon Focus 3.10.3 image stacking soft-
ware. Photographic images were then edited using Adobe Photoshop CC 2018. All
measurements were obtained using an Olympus SZX7 stereomicroscope and are given
in millimetres (mm).

Leg measurements are shown as: total length (femur, patella, tibia, metatarsus,
tarsus). Number of macrosetae is listed for each segment in the following order: pro-
lateral, dorsal, retrolateral, ventral; in femora and patellae ventral spines are absent and
thus the fourth article is omitted in the setation formula (Gong and Zhong 2020).

Abbreviations used in the text and figures are given below: ALE = anterior lat-
eral eye, AME = anterior median eye, AW = anterior width of carapace, C = conduc-
tor, CO = copulatory opening, CH = clypeus height, dRTA = dorsal branch of RTA,
E = embolus, FD = fertilisation duct, Fe = femur, LL = lateral lobes, Mt = metatarsus,
OL = opisthosoma length, OW = opisthosoma width, Pa = patella, PI = posterior inci-
sion of LL, PL = carapace length, PLE = posterior lateral eyes, PME = posterior median
eyes, Pp = palp or palpus, PW = carapace width, RTA = retrolateral tibial apophysis,
Sp = spermophor, T = tegulum, Ta = tarsus, Ti = tibia. I, II, III, IV—legs I to IV,
vRTA = ventral branch of RTA, HUST = School of Nuclear Technology and Chemistry
and Biology, Hubei University of Science and Technology, Xianning, Hubei, China.

To obtain DNA barcodes, one mitochondrial gene (mitochondrial cytochrome
oxidase subunit I [COI]) and one nuclear gene (Internal Transcribed Spacer 2 [ITS2])
were amplified and sequenced for four specimens. Primers (Folmer et al. 1994), PCR
conditions and other information (e.g., extraction, amplification and sequencing pro-
cedures) are the same as in Zhang et al. (2021). The accession numbers are provided
in Table 1. For phylogenetic inference, we used the dataset (COI + ITS2) from Cao
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et al. (2016) and added the new sequences of Pseudopoda deformis Gong & Zhong,
sp. nov. Phylogenetic analyses are the same as in Cao et al. (2016) and Zhang et al.
(2017). Bayesian inference strongly supported the monophyly of the P deformis Gong
& Zhong, sp. nov. (Fig. 5).

Table I. Information on newly sequenced Pseudopoda deformis Gong & Zhong, sp. nov. with GenBank
accession numbers.

Voucher code Sex COI 1TS2
HUST-SPA-22-001 3 0Q788976 0Q797662
HUST-SPA-22-002 Q 0Q788977 0Q797663
HUST-SPA-22-003 Q 0Q788978 0Q797664
HUST-SPA-22-004 Q 0Q788979 0Q797665

Taxonomy

Family Sparassidae Bertkau, 1872
Subfamily Heteropodinae Thorell, 1873

Genus Pseudopoda Jiger, 2000

Type species. Sarotes promptus O. Pickard-Cambridge, 1885.

Diagnosis (updated). Pseudopoda was defined by Jiger (2000) according to the
following combination of characters: male palp (Fig. 1A—C) with membranous con-
ductor or absent, embolus arising on the left side of the tegulum and generally curved,
RTA arising from tibia, basally or mesially and furcate or not; epigyne (Fig. 2A—C)
with lateral lobes extending beyond epigastric furrow, and generally covering median
septum (modified from Jager 2000; Zhang et al. 2013; Jiang et al. 2018).

Distribution. Bhutan, China, Nepal, India, Japan, Laos, Myanmar, Pakistan,
Thailand and Vietnam.

Pseudopoda deformis Gong & Zhong, sp. nov.
https://zoobank.org/1F62E2C1-3556-4B86-AE30-D907B4F204CB
(LA IE)

Figs 1-5

Type material. Holotype #m: CHINA: Hubei Province: Shennongjia Forestry Dis-
trict, Muyu Town, Guanmenshan Scenic Area (31.45°N, 110.40°E, 1200 m a.s.l.),
10.XI1.2021, leg. Y. Zhong (HUST-SPA-22-001). Paratypes: CHINA: Hubei Prov-
ince: Same locality, 1#f (HUST-SPA-22-002), 1#f (HUST-SPA-22-003), 1#f (HUST-
SPA-22-004), 3#m, 4#f.

Etymology. The specific name is derived from the Latin word deformis, -a, -um,
meaning distorted, referring to the shape of the internal ducts of the female vulva.
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Figure 1. Pseudopoda deformis Gong & Zhong, sp. nov., male holotype (HUST-SPA-22-001), left palp
(A—=C), left male palpal tibia (D), and cheliceral dentition (E, F). A prolateral view B ventral view
C, D retrolateral view E male, ventral view F female, ventral view. Abbreviations: C = conductor; dRTA
= dorsal branch of RTA; vRTA = ventral branch of RTA; E = embolus; Sp = spermophore; T = tegulum.
Scale bars: 1 mm (A=C); 0.1 mm (D); 0.5 mm (E, F).
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Figure 2. Pseudopoda deformis Gong & Zhong, sp. nov., female paratype (A, D HUST-SPA-22-002;
B, E HUST-SPA-22-003; C, F HUST-SPA-22-004), epigyne (A=C), vulva (D=F), and schematic course
of internal duct system (G-I). A—C ventral view D=F dorsal view. Abbreviations: CO = copulatory open-
ing; FD = fertilisation duct; FW = first winding; LL = lateral lobes. Scale bars: 1 mm (A-F).

Diagnosis. Males of Pseudopoda deformis Gong & Zhong, sp. nov. are similar
to those of P jiangi Zhang, Jager & Liu, 2023 (Zhang et al. 2023: figs 130, 131), P
lushanensis (Wang, 1990) (Quan et al. 2014: figs 4A—-C, 5A-C) and P, shuqiangi Jiger
& Vedel, 2007 (Jager and Vedel 2007: figs 73—75) in having a long, filiform embolus.
They can be distinguished from the two congeners by the following combination of
characters: (1) Embolus arising from tegulum at 1:00-0’clock position, then curving
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downward (8:30-0’clock position, upward in P lushanensis and P shugiangi); (2) The
basal part of embolus is oval (circular in P jiangi); (3) The tip of the conductor is
straight and extends to approximately the tip of the cymbium in ventral view (not in
P lushanensis and P shuqiangi); and (4) RTA arising medially from tibia (subdistally
in P lushanensis; basally in P shugiangi) (Fig. 1A-C). The females of this species

Figure 3. Pseudopoda deformis Gong & Zhong, sp. nov., habitus (A-H), and live specimens (1, J)
A, | (HUST-SPA-22-001), holotype male, dorsal view B (HUST-SPA-22-001), holotype male, ventral
view C, J (HUST-SPA-22-002), paratype female, dorsal view D (HUST-SPA-22-002), paratype female,
ventral view E (HUST-SPA-22-003), paratype female, dorsal view F (HUST-SPA-22-003), paratype fe-
male, ventral view G (HUST-SPA-22-004), paratype female, dorsal view, H (HUST-SPA-22-004), para-
type female, ventral view. Scale bars: 0.2 mm (A-H).
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can be separated from other Pseudopoda species by their unique internal ducts of
the vulva, which are curved longitudinally, forming a narrow triangle or trapezoidal
shape (Fig. 2D-1).

Description. Male. PL 4.9, PW 3.4, AW 2.3, OL 4.6, OW 3.4. Eyes: AME
0.24, ALE 0.26, PME 0.27, PLE 0.33, AME-AME 0.21, AME-ALE 0.12, PME-
PME 0.23, PME-PLE 0.16, AME-PME 0.29, ALE-PLE 0.18, CH AME 0.27,
CH ALE 0.33. Setation: Palp: 131, 101, 2101; Fe: I-III 323, IV 321; Pa: I-IV
101; Ti: I-1I 2228, I1I-1V 2126; Mt: I-11 2024, 111 2026, IV 3036. Measurements
of palp and legs: Palp 7.4 (2.1, 0.9, 1.3, —, 3.1), 1 27.0 (7.1, 1.5, 8.2, 7.8, 2.4), I
29.6 (7.8, 1.5, 8.8, 8.9, 2.6), 1II 21.6 (6.0, 1.3, 6.1, 6.3, 1.9), IV 24.5 (6.5, 1.3,
6.9, 7.6, 2.2). Leg formula: II-I-IV-III. Chelicerae with three promarginal and four
retromarginal teeth, and with ~-51 denticles (Fig. 1E). Carapace yellowish brown
dorsally, margin with black patches, with shallow fovea and radial furrows. Cheli-
cerae deep reddish brown. Sternum yellow with lots of random black spots. Endites
and labium pale yellowish brown. Legs brown, with dark dots randomly distributed
and covered by short spines and seta. Opisthosoma black-brown dorsally, without
spots. Opisthosoma uniformly yellowish brown with some black patches ventrally
(Fig. 3A, B).

Cymbium approximately 2 times longer than tibia (Fig. 1A—C). The basal part of
conductor is obscured in ventral view (Fig. 1B) by embolus base. Basal part of conduc-
tor slightly sclerotized (Fig. 1C). Embolus slender, encircling the tegulum counter-
clockwise, ventrally pointed (Fig. 1B). RTA distally bifurcate, pincer-shaped in ventral
view, dRTA moderately pointed at tip (Fig. 1B, D).

Female. PL 5.0, PW 4.8, AW 2.8, OL 6.7, OW 4.7. Eyes: AME 0.25, ALE 0.34,
PME 0.26, PLE 0.38, AME-AME 0.18, AME-ALE 0.08, PME-PME 0.24, PME~
PLE 0.18, AME-PME 0.29, ALE-PLE 0.17, CH AME 0.35, CH ALE 0.45. Setation:
Palp: 131, 101, 2121, 1014; Fe: I-1II 323, IV 321; Pa: I-IV 000; Ti: I-II 222(10),
HI-1V 2126; Mt: I-11 2024, III-IV 2026. Measurements of palp and legs: Palp 6.4
(2.1,0.7, 1.0, -, 2.6), 1 19.3 (5.5, 1.3, 5.6, 5.1, 1.8), 11 20.5 (5.9, 1.3, 6.1, 5.4, 1.8),
I 15.4 (4.6, 1.1, 4.5, 3.7, 1.5), IV 17.0 (5.0, 1.1, 4.5, 4.6, 1.8). Leg formula: II-I-
IV-III. Chelicerae with three promarginal and four retromarginal teeth, and with ~46
denticles (Fig. 1F).

Epigynal field almost as wide as long, the anterior margins of lateral lobes form-
ing a V-shape, median margin of lateral lobes united, internal duct systems not visible
through cuticle, fertilisation ducts arising postero-laterally. In the dorsal view, internal
duct systems differ extremely, and there is no regularity in the direction and structure
of internal pipeline (Fig. 2).

Colouration as in males, opisthosoma brown dorsally (Fig. 3C-H).

Habitat. The specimens were collected on leaves at night with bare hands (Fig. 4A, B).

Distribution. Known only from Hubei Province, China (Fig. 4C).

Remarks. The monophyly of Pseudopoda deformis Gong & Zhong, sp. nov. is
highly supported by molecular phylogenetic results based mainly on Chinese Psex-
dopoda species (Fig. 5).
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Figure 4. Photograph of the habitat (A, B) and collection locality of Pseudopoda deformis Gong &
Zhong, sp. nov. (C).

Discussion

We examined all specimens from Shennongjia (4 males, 7 females) and found no vari-
ation in the male palp. However, the females had different internal ducts in their vulva,
which is not known to occur in other Pseudopoda spiders. In this paper, matching of
the sexes of Pseudopoda deformis Gong & Zhong, sp. nov. was done using morphologi-
cal and molecular data (Figs 3, 5). Females of this species resemble most Pseudopoda
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Figure 5. Bayesian tree based on the COI + ITS2 dataset including 146 Pseudopoda individuals belong-

ing to 45 species. Numbers on nodes are posterior probabilities. Red clade indicates Pseudopoda deformis

Gong & Zhong, sp. nov., blue clade indicates the outgroups.
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species having the median margin of the lateral lobes converged medially with the an-
terior part V-shaped, but they can be distinguished from these species by the longitu-
dinally bent internal duct system of the vulva (Fig. 2A—F). As shown in Fig. 2G-1, the
female vulva is divided into three parts schematically to show the course of the internal
duct system, leading to an interesting discovery. The first part is represented by a red
line and is U-shaped in all three females examined. The third part is represented by a
green line and is an inverted S-shaped. Variability occurs in the second part which is
shown by the blue line, and there are irregularities to this variation.
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