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Abstract

In this study the aim was to resolve the taxonomy of several species of Argyria Hiibner (Pyraloidea, Cram-
binae) with previously unrecognised morphological variation. By analysing the DNA barcode (COI-5P)
in numerous specimens, the aim was to reconstruct phylogenetic relationships between species, to provide
better evidence for synonymies, and to circumscribe their geographical distribution. Using an innovative
DNA hybridisation capture protocol, the DNA barcode of the lectotype of Argyria lacteella (Fabricius,
1794) was partially recovered for comparison with the 229 DNA barcode sequences of Argyria speci-
mens available in the Barcode of Life Datasystems, and this firmly establishes the identity of the species.
‘The same protocol was used for the following type specimens: the Argyria abronalis (Walker, 1859) holo-

Copyright Bernard Landry et al. This is an open access article distributed under the terms of the CCO Public Domain Dedication.



2 Bernard Landry et al. / ZooKeys 1146: 1-42 (2023)

type, thus confirming the synonymy of this name with A. lacreella, the holotype of A. lusella (Zeller,
1863), syn. rev., the holotype of A. multifacta Dyar, 1914, syn. nov. newly synonymised with A. lacteella,
and a specimen of Argyria diplomochalis Dyar, 1913, collected in 1992. In addition, nine specimens of
A. lacteella, A. diplomochalis, A. centrifugens Dyar, 1914 and A. gonogramma Dyar, 1915, from North to
South America were sampled using classical COI amplification and Sanger sequencing. Argyria gonogram-
ma Dyar, described from Bermuda, is the name to be applied to the more widespread North American
species formerly identified as A. lacreella. Following morphological study of its holotype, Argyria vestalis
Butler, 1878, syn. nov. is also synonymised with A. lacteella. The name A. pusillalis Hiibner, 1818, is con-
sidered a nomen dubium associated with A. gonogramma. The adult morphology is diagnosed and illus-
trated, and distributions are plotted for A. lacreella, A. diplomochalis, A. centrifugens, and A. gonogramma
based on slightly more than 800 specimens. For the first time, DNA barcode sequences are provided for
the Antillean A. diplomochalis. This work provides a modified, improved protocol for the efficient hybrid
capture enrichment of DNA barcodes from 18" and 19* century type specimens in order to solve taxo-
nomic issues in Lepidoptera.

Keywords
Argyria centrifugens Dyar, Argyria diplomochalis Dyar, Argyria gonogramma Dyar, COI barcodes,
Crambidae, historical DNA, hybrid enrichment, species delimitation

Introduction

The name 7inea lacteella Fabricius, 1794, and its synonyms, have been applied to small
white moths of the genus Argyria Hiibner collected in the New World since Fernald
(1896) synonymised five species with it: Argyria albana (Fabricius), Argyria pusillalis
Hiibner, Argyria lusella (Zeller), Argyria rufisignella Zeller, and Argyria pontiella Zeller.
Dyar (1903) then added Argyria abronalis Walker as another synonym in a North
American checklist. During the subsequent decades of the 20* century, A. rufisignella
and A. pontiella were removed from the list of synonyms of A. lacteella while Argyria
gonogramma Dyar, 1914 was added to it as summarised by Munroe (1995). More
recently, the name A. lacteella has been used, for example, in Moth Photographers
Group (2022), BOLD (Ratnasingham and Hebert 2007), Scholtens and Solis (2015),
and Landry et al. (2020). At the inception of this study, the BOLD database contained
three widely separate lineages with specimens named Argyria lacteella and four with
specimens identified as Argyria centrifugens Dyar, 1914. Among the latter group, one
lineage contained specimens collected in Florida, USA, and morphological examina-
tion of the holotype proved that their identification was erroneous.

Thus, because morphological and DNA barcode variation was observed in Argyria
specimens that otherwise share a similar (ca. 11 mm) wingspan and previously unrec-
ognised external diagnostic characters, we found it necessary to try to fix the identity of
A. lacteella and the species similar to it, and to better understand their synonymy and
geographical distribution. We aimed to do that by integrating both the COI barcode
data available in BOLD and the type specimens of the species as well as those pertain-
ing to synonymised names.
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Until recently it has been impossible to recover genetic information from old mu-
seum specimens because the DNA they contain is degraded and occurs in very low
quantities compared to contaminant DNA from other organisms (Card et al. 2021).
It has sometimes been possible to recover short DNA barcodes at the cost of labori-
ous multiple PCRs (Herndndez-Triana et al. 2014), but recent developments in both
the ability to recover historic DNA, improved extractions and capture approaches,
and the advent of high-throughput sequencing have opened the access to the genetic
information of these specimens, allowing many new studies and the emergence of
museomics (Raxworthy and Smith 2021). Among the various approaches developed
to recover DNA from collection specimens, hybrid enrichment methods seem to be
the most efficient (Raxworthy and Smith 2021). These capture approaches can target
different regions of the genome such as mitochondria (Zhang et al. 2020), exons (Bi
et al. 2012), and conserved regions via conserved anchored hybrid enrichment (Espe-
land et al. 2018), ultraconserved elements (UCE) (Faircloth et al. 2012; Blaimer et al.
2016), and randomly distributed loci using the ddRAD approach (Suchan et al. 2016;
Gauthier et al. 2020; Toussaint et al. 2021). These new methods make it possible to
integrate old samples into modern genetic studies.

In this study, we adapted hybrid enrichment methods to target the COI barcode
in old museum specimens. We designed probes along the entire nucleotide sequence
of the COI barcode and synthesised our own RNA probes. We extracted historical
DNA from four type specimens dating back to the 18%, 19, and early 20* centu-
ries and an additional specimen collected in 1992. To successfully recover the COI
barcode from this degraded, fragmented and contaminant-rich DNA, we combined
hybrid enrichment capture and next-generation sequencing. We performed this so-
phisticated approach for these precious specimens because classic PCR amplification
attempts were unsuccessful. In parallel, we amplified the DNA barcode for nine ad-
ditional samples and integrated them with all available Argyria sequences in the BOLD
database. Combining phylogenetic inferences, species delimitation approaches based
on sequence data and morphology, we propose a new classification of several Argyria
species. This study shows that innovative methods of museomics can solve complex
taxonomic questions still debated. More generally, it reconciles the modernity of in-
novative molecular approaches with the biological heritage that museums have been
preserving for centuries.

Materials and methods

Sources of information

The original description of A. lacteella and subsequent citation of the name by Fabricius
(1794, 1798) were investigated, along with the original descriptions and subsequent
citations of all other taxa/names treated here. The specimens examined came from the
following institutions, in alphabetical order of acronyms:
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CMNH  Carnegie Museum of Natural History, Pittsburgh, USA;

CUIC Cornell University Insect Collection, Ithaca, New York, USA;

FSCA Florida State Collection of Arthropods, Gainesville, Florida, USA (curated
with the MGCL);

MFNB Museum fiir Naturkunde, Berlin, Germany;

MGCL McGuire Center for Lepidoptera and Biodiversity, Gainesville, Florida, USA;

MHNG  Muséum d’histoire naturelle, Geneva, Switzerland;

NHMUK Natural History Museum, London, UK;

NMNH (= USNM) National Museum of Natural History, Washington, D.C., USA;

OUMNH Oxford University Museum of Natural History, Oxford, UK;

UCB Essig Museum of Entomology, University of California, Berkeley, USA;

VOB V. O. Becker collection, Camacan, Bahia, Brazil;

ZMUC  Zoological Museum of the University of Copenhagen, Denmark.

Dissection

Specimens from which DNA was not extracted were dissected following Robinson
(1976): abdomens were macerated in hot 10% aqueous KOH, cleaned, stained vari-
ously with Orange G, Chlorazol black, or eosin Y, and slide-mounted in Euparal.

lllustrations

Photographs were taken with a variety of devices in five institutions (FSCA, MHNG,
NMNH, NHMUK, ZMUC), including, at the MHNG (Figs 11-14, 20, 23-26), a
Leica M205 binocular scope, a Leica DFC425 camera, and the Leica imaging soft-
ware. The Visionary Digital imaging system was used at the NMNH. At the MHNG
the photos were stacked using Zerene Stacker of Zerene Systems LLC and modified
for better presentation using Adobe Photoshop Elements. At the FSCA, photographs
were taken with a JVC digital camera KY-F75U 3-CCD with Leica Z16 Apo and
Planapo 1.0x lenses, operated and stacked with Auto-Montage Pro v. 5.01.0005 (Syn-
croscopy, Synoptics, 2004). High-resolution genitalic photographs (Figs 17, 18, 27,
28) were taken at the MGCL with a Leica DM6B compound microscope with a Leica
DMC6200 camera, and photographs were stacked and processed with Leica Applica-
tion Suite X v. 3.7.0. Postprocessing was done with Adobe Photoshop Elements 11.

Sampling

To ascertain the identity of Argyria lacteella, the DNA of its unique (as far as known)
type specimen housed in the ZMUC was sampled from two legs. The DNA was sam-
pled from the abdomen of the holotype of Argyria abronalis (Walker, 1859), recorded
as a synonym of A. lacteella (e.g., Munroe 1995) and deposited in the OUMNH. DNA
was also sampled from one leg of the holotype of A. lusella (Zeller, 1863), which had
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been placed as a synonym of A. lacteella in the NHMUK, and from one leg and part
of another for the holotype of Argyria multifacta Dyar, 1914 deposited in the NMNH.
In addition, the DNA of a specimen identified (by BL) as Argyria diplomochalis Dyar,
1913 from the island of Anguilla, collected in 1992 and deposited in the CMNH,
was also sampled in the same manner as the old holotypes just mentioned, and the
DNA of two specimens of A. diplomochalis collected in 2021 on Saint Croix Island,
US Virgin Islands, deposited in the MHNG, was sampled from one leg each using a
Sanger protocol. The four specimens used here that were sequenced at the MENB, but
deposited in the MHNG, were sampled also from one leg each with a Sanger protocol.
Additional specimens from the CMNH, CUIC, FSCA, MGCL, NMNH, UCB, and
VOB were studied morphologically.

DNA extraction and capture

In the MHNG, the DNA barcode sequence from specimen Argyria “centrifugens”
DH]J02 (BOLD sample ID BIOUG27552-D08; JEH20210604A) (in reality, Argyria
lacteella) captured at Gainesville (Florida, USA; deposited in FSCA) (29.6922°N,
82.3650°W) was used as reference for molecular work. Probes were designed using
the 648 bp reference sequence via a sliding window of 108 pb with steps of 27 bp,
providing an overlap of 83 bp. Using this approach, 21 probes were designed for the
forward and 21 for the reverse direction. T7 promoters were added to each probe se-
quence. Final probe sets were ordered from Integrated DNA Technologies (IDT). The
T7 reverse-complement sequence was annealed to the probe sets to allow transcription
into RNA and biotinylation in a single reaction using HiScribe T7 High Yield RNA
Synthesis Kit (New England Biolabs) followed by a Dnase treatment to avoid sample
contamination by probe DNA during the capture, a purification using RNeasy kit
(Qiagen) and Rnase inhibition using SUPERase-IN (Invitrogen). Concentrations of
RNA probes were measured in a Qubit RNA HS assay (Thermo Fisher Scientific).
DNA extraction on historical samples were performed using PCR & DNA Clean-
up Kit (Monarch). The protocol was adapted from Patzold et al. (2020) and aims to
improve the recovery of small DNA fragments on the column with the addition of
ethanol. In the non-destructive protocol, after a night in the Monarch gDNA Tissue
lysis buffer with proteinase K (2 mg/ml final concentration), the abdomen of specimen
CRAO1 was treated with KOH, the genitalia were separated, and both genitalia and
abdomen pelt were cleaned and mounted on slide following procedures mentioned in
Landry and Becker (2021); the leg of specimen CRA02 was retrieved from the buffer
and returned to the NHMUK where it is preserved in a vial underneath the speci-
men. In the destructive protocol the tissues were crushed (Table 1). The quality and
concentration of purified DNA was assessed using a Qubit dsSDNA HS assay (Thermo
Fisher Scientific) and/or with Fragment Analyzer. Due to their low DNA concen-
tration (Table 1), the samples were not diluted prior to the preparation of shotgun
libraries, except for sample CRAO1 (abdomen), which was diluted to -~ 27 ng/pL.
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A modified version of the protocol from Suchan et al. (2016) used in Toussaint et
al. (2021) was applied for the preparation of shotgun libraries (detailed protocol in
Suppl. material 1). Libraries were quantified using a Qubit dsDNA HS (Thermo Fish-
er Scientific) and pooled in equimolar quantities based upon their respective concen-
trations. For each probe set, forward and reverse, hybridisation capture for enrichment
of shotgun libraries was performed following the protocol described in Toussaint et al.
(2021). Sequencing was performed on Illumina Miseq Nano using a paired-end 150
protocol (Lausanne Genomic Technologies Facility, Switzerland).

For additional samples, the DNA barcode was amplified by PCR. For CRA05 and
CRAO06 (Table 1), destructive DNA extraction was performed using QIAamp DNA
Micro Kit (QIAGEN) and the DNA barcode was amplified by PCR using H02198
and COImod primers (Landry and Andriollo 2020) and sequenced using Sanger se-
quencing (Microsynth AG, Balgach, Switzerland). Samples BLDNA 65, 137, 138, and
141 (Table 1) were processed at the MfN: DNA was extracted using the Macherey-
Nagel DNA extraction kit (Diirren, Germany), and molecular work followed the pro-
tocol described in Mey et al. (2021). Sequencing was done by Macrogen (The Nether-
lands) in both directions. Sequences were eye-checked and aligned using Phyde 0.9971
(Miiller et al. 2005). The COI barcode region of samples JEH20210604A, ~-C, and -D
was sequenced using standard barcoding primers and protocols (Hebert et al. 2004) by
the FDACS-DPI Molecular Diagnostics Laboratory, in Florida, USA.

COl locus reconstruction and phylogeny with existing data

Raw reads were cleaned using Cutadapt (Martin 2011) to remove barcodes, adapt-
ers and bases with a low quality, and quality was first checked using FastQC (Babra-
ham Institute). Corresponding reads were first identified by BLASTn (Camacho et
al. 2009) on the reference sequence and mapped using Geneious 6.0.3 Read Mapper
(Kearse et al. 2012). Consensus sequences were generated keeping the most frequent
bases and a minimum coverage of 3.

Phylogenetic inferences

To investigate the phylogeny of Argyria species, the sequences from all the samples
including the keyword “Argyria” were retrieved from the Barcode of Life Data Sys-
tem (BOLD) (Suppl. material 2). Newly generated and retrieved sequences were
aligned using MAFFT (Katoh et al. 2002). The most likely nucleotide substitution
model, i.e., GTR+G+I, has been identified using ModelFinder (Kalyaanamoorthy
et al. 2017) implemented in IQ-TREE 2.0.5 (Minh et al. 2020). Phylogenetic in-
ferences were performed in IQ-TREE 2.0.5 (Minh et al. 2020) and branch support
were estimated using 1,000 ultrafast bootstraps along with 1,000 SH-aLRT tests
(Guindon et al. 2010; Hoang et al. 2018). To avoid local optima, we performed
100 independent tree searches using IQ-TREE and selected the run showing the
best likelihood score.
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Species delimitation and genetic distance

Three different methods were used to investigate species delimitation: Automatic Bar-
code Gap Discovery (ABGD) (Puillandre et al. 2012), Poisson Tree Processes (PTP)
(Zhang et al. 2013) and General Mixed Yule-coalescent method (GMYC) (Pons et
al. 20006). First, distance-based analysis ABGD was calculated using the K80 Kimura
distance model and default parameters on the online platform (https://bioinfo.mnhn.
fr/abi/public/abgd/abgdweb.html). Second, the single-locus species delimitation
PTP method (Kapli et al. 2017) was used on the phylogeny excluding the outgroups
A. rufisignella and A. nummulalis. Analyses were performed on the bPTP web server
(https://species.h-its.org). The confidence of delimitation schemes was assessed using
an MCMC chain of 10 million generations, a thinning of 100 and burn-in of 10%,
and the partition with the best likelihood was kept. Third, the single threshold GMYC
method was applied using the splits R package. The ultrametric tree required was gen-
erated using BEAST 1.10.4 (Suchard etal. 2018) with a GTR+G+I model as identified
by ModelFinder (Kalyaanamoorthy et al. 2017), an uncorrelated relaxed clock with
a lognormal distribution and an mtDNA COI substitution rate estimate of 0.0115
(Brower 1994). The species delimitation based on morphology has been compared to
the delimitations based on molecular data. From the species described, the genetic p-
distance was estimated between all pairs of samples using MEGA (Tamura et al. 2021)
and summarised by species.

Data availability

The sequence dataset is available on BOLD (DS-ARGYRIA). Raw reads are available
on the NCBI SRA BioProject PRJNA914237.

Results

DNA recovery from historical samples

Historical DNA extraction showed different yields mainly related to the age of the
specimens but also to the type of tissue and the extraction method, i.e., destructive
or non-destructive (Table 1). Indeed, for the oldest sample, i.e., CRA03, captured
between 1784-1789, it has been possible to extract DNA using a destructive ap-
proach on only one leg. For the two 19" century samples, i.e., CRAO1 and CRA02,
a non-destructive approach was attempted. The sample with the lowest concentration
of DNA is the CRA07 sample which was captured in 1911 and for which two legs
were used destructively. Smaller fragments have been observed for the sample cap-
tured during the 18" century, CRA03, and larger fragments for the sample CRA04
captured in 1992. Sample CRAOQ7 is a special case since it was captured in 1911 but
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has small DNA fragments. For the more recent samples, captured after 2000, it was
possible to extract enough DNA to perform a classical COI barcode amplification
and Sanger sequencing (PCR amplification in Table 1). For the older samples, it has
been necessary to develop a barcode capture approach because the amount of endog-
enous DNA was too low and initial trials at PCR amplification proved unsuccessful.
This capture approach using probes designed along the COI barcode allowed NGS
sequencing of 3.99 million reads in total with high heterogeneity between samples
(Table 1). The number of reads seems correlated with the amount of DNA initially
extracted. This heterogeneity in the amount of sequence recovered is then found
throughout the bioinformatics analysis process until it impacts the percentage of bar-
code finally recovered. However, the capture approach was effective since it allowed
the recovery of a sufficient proportion of the barcode to perform phylogenetic infer-
ences for each of the samples, including the oldest sample, CRA03, and the par-
ticularly degraded CRAOQ7 for which respectively more than 50% and 93.1% of the
barcode was recovered.

Phylogenetic inference and species delimitation

Phylogenetic inference has been performed on the whole COI barcode alignment in-
cluding BOLD sequences, barcodes amplified for this study and sequences recovered
using our historical DNA capture approach. The samples corresponding to the two
species A. rufisignella and A. nummulalis have been used as outgroups, and their com-
mon node is well supported (Fig. 1). Then a well-supported node separates two clades,
one includes the species A. diplomochalis, A. insons C. Felder, R. Felder & Rogenhofer,
1875, and A. centrifugens on one side and the species A. gonogramma and A. lacteella
on the other (Fig. 1). Overall, the nodes separating the five species are also well sup-
ported. The three species delimitation analyses are consistent with each other and with
morphology. The five species described and identified morphologically are almost all
found by the species delimitation approaches, only the separation between A. gono-
gramma and A. lacteella has not been found in the ABGD approach based on the levels
of divergence between sequences. However, the node separating the two species is well
supported. Analysis of genetic divergence (p-distance) between each pair of individu-
als within and between species shows contrasting levels of divergence (Fig. 2). Within
species, genetic divergence is low between 0.43% for A. centrifugens and 2.47% for
A. diplomochalis for which we have only three samples. The distribution of genetic
divergence then shows a gap with much higher values between samples belonging
to different species and a percentage of divergence ranging from 5.17% to 11.90%.
These results support the species identified using morphology and species delimitation
approaches. Within each species the species delimitation approaches also identified
additional separations mainly related to geographic divergences. The details of the di-
vergences within species will be discussed next in the “Molecular diagnosis” section of
each species.
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% divergence

species % divergence 0 2 4 6 8 10 12
comparison (mean (sd)) I ‘ : ! !
A. centrifugens vs A. centrifugens 0.43 (0.89) [*—
A. gonogramma vs A. gonogramma  0.49 (0.26) g
Intra- A. insons vs A. insons 0.82(1.33) [—*—
specific A. rufisignella vs A. rufisignella 111(097) |—*—
A. lacteella vs A. lacteella 125(2.01) [—¢—
A. nummulalis vs A. nummulalis 1.98 (1.20) —_—
A. diplomochalis vs A. diplomochalis  2.47 (1.88) ———
A. lacteella vs A. gonogramma 5.17 (0.35) =
A. rufisignelia vs A. nummulalis 6.65 (0.16) .
A. insons vs A. centrifugens 7.16 (0.33) b
A. gonogramma vs A. diplomochalis  8.38 (0.81) —
A. lacteella vs A. diplomochalis 8.41(1.18) —_——
A. lacteelia vs A. insons 9.11 (0.51) ==
Inter- A. gonogramma vs A. insons 9.14 (0.30) -
specific A. lacteella vs A. centrifugens 9.17 (0.34) -
A. diplomochalis vs A. centrifugens  9.18 (0.19) *
A. diplomochalis vs A. insons 9.25 (0.43) -
A. gonogramma vs A. centrifugens  9.47 (0.36) -
A. gonogramma vs A. rufisignella  9.80 (0.22) *
A. lacteella vs A. nummulalis 9.85 (0.40) Ea
A. diplomochalis vs A. nummulalis  9.85 (0.17) .
A. gonogramma vs A. nummulalis  10.03 (0.26) e
A. lacteella vs A. rufisignella 10.44 (0.37) 8=
A. centrifugens vs A. rufisignella  10.68 (0.17) .
A. diplomochalis vs A. rufisignella  10.89 (0.27) b
A. centrifugens vs A. nummulalis 10.97 (0.32) -
A. insons vs A. nummulalis 11.06 (0.40) e
A. insons vs A. rufisignella 11.90 (0.20) ».

Figure 2. Mean genetic divergence (p-distance) between all samples from each species.

Taxonomic account

Argyria lacteella (Fabricius, 1794)
Figs 3-7, 11, 17, 24, 27, 29, 33

Tinea lacteella Fabricius, 1794: 313. Type locality: “Americae insulis” (USA Virgin
Island of Saint Croix; see Remarks). Fernald 1896: 72, plate V figs 4, 6; Dyar
1903: 411; Grossbeck 1917: 126, probably referable to A. gonogramma, see Re-
marks; Schaus 1940: 400; Amsel 1956: 31, pl. 69 fig. 6, part of records, misspelled
‘lactella’; Munroe 1956: 127; Bleszyriski and Collins 1962: 214; Zimsen 1964:
579, misspelled ‘lactella’; Kimball 1965: 234, part of records; Bleszyniski 1967:
96; Jaume 1967: 2; De la Torre y Callejas 1967: 20; Alayo and Valdés 1982: 61;
Tan 1984: 96 et seq., misidentification; Ferguson et al. 1991: 40, misidentifica-
tion; Munroe 1995a: 35; Heppner 2003: 288, part of the records; Martinez and
Brown 2007: 81, fig. 9, referable to A. gonogramma; Roque-Albelo and Landry
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2010; Scholtens and Solis 2015: 54; Landry et al. 2020: 101, fig. 6B; Gibson et
al. 2021: 29.

= albana (Fabricius, 1798 (Pyralis). Unnecessary replacement name.

= abronalis Walker, 1859: 969 (Zebronia??). Type locality: Brazil, Rio de Janeiro.

= lusella (Zeller, 1863: 51) (Catharylla). Type locality: St. Thomas Island [USA Virgin
Islands]. Syn. rev.

= vestalis Butler, 1878: 494, 495. Type locality: Jamaica. Syn. nov.

= multifacta Dyar, 1914: 317. Type locality: Panama, Porto Bello. Syn. nov.

Type material examined. Lectotype of Tinea lacteella (Fig. 3), here designated,
with label data as follows: 1- “P. albana | ex Ins: Amer: | ?2Schmud?”, 2- “Mus[eum].
S[ehested] & T[oender] L{und], 3- “LECTOTYPE | Tinea lacteella | Fabricius, 1794 |
Des[ignated] by B. Landry, 20217; deposited in ZMUC.

Holotype of Zebronia? abronalis (Figs 4, 24), with label data as follows: 1- “Type”,
2- “Rio”, 3- “91”, 4- “Zebronia | Abronalis”, 5- “TYPE LEP: No 1195 | Zebronia ? |
abronalis | Walker | HOPE DEP[ARTMEN]T.OXFORD”; deposited in OUMNH.

Holotype of Catharylla lusella (Fig. 5), with label data as follows: 1- “Type”, 2- Lu-
sella | Zell[er]. Mon[ograph]. p.51.”, 3- Zell[er]. Coll[ection]. | 1884.”, 4- “3' | Pyrali-
dae | Brit.Mus. | Slide No. | 7092” | DNA voucher Lepidoptera B. Landry, n° 00158 |
NHMUKO013696754 | MOLECULAR 215427977; deposited in the NHMUK.

Holotype of Argyria vestalis (Fig. 6), with label data as follows: 1- “Type”, 2- “Ja-
maica | 78. 197, 3- &' | Pyralidae | Brit.Mus. | Slide No. | 7093 | NHMUKO013696753”;
deposited in the NHMUK.

Holotype of Argyria pusillalis variety multifacta (Fig. 7) with label data as follows:
1- “PortoBello | Pan[ama]. Febr[uary]. [19]11 | AugustBusck”, 2- “Type | No.16316
| U.S.N.M.”, 3- “Platytes | multifacta | Type Dyar”, 4- “Q genitalia | slide 3826 | R
W Hodges”, 5- “Genitalia Slide | By RWH @ | USNM 10,709”; deposited in the
NMNH. Paratypes of Argyria pusillalis variety multifacta with label data as follows:
1 d: 1- “PortoBello | Pan[ama]. Febr[uary]. [19]11 | AugustBusck”, 2- “J' genitalia |
slide, 29 Apr. 32 | C.H. #29 | Genitalia slide | By ME &' | USNM 99,668”; 1 9: same
data; 5 99, 2 8J: same data except “Mar[ch]”; 2 99: 1- “RioTrinidad | Mar[ch].
[19]12 Pan[ama] | ABusck | coll”; 1 &: 1- “CorazolCl[anal]Z[one] | Pan[ama] 3/24
[19]11 | AugBusck”, 2- “J' genitalia | slide, 9 June. ’32 | C.H. #83” [slide not found];
deposited in the NMNH. [Note: the Tabernilla (Busck) and Corazol (Crafts) speci-
mens were not found at NMNH]

Other specimens examined. 238 specimens (see Suppl. material 2).

Morphological diagnosis. This is a small satiny white moth of 9.5-14 mm in
wingspan. The forewing brown markings are median triangles on the costa and dorsal
margin usually linked by a thin straight line sometimes slightly thicker on the discal
cell as a spot, but sometimes inconspicuous, another triangle subapically on costa,
usually separated by a thin white line from a short oblique dash anteriorly, and a
wavy terminal line (Figs 3—6, 11). There are also specimens of A. lacteella with a com-
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plete median fascia (Fig. 7) in the South of the distribution of the species, in Panama
(holotype of synonym A. multifacta), French Guiana, Bolivia, and Brazil. In forewing
markings A. lacteella differs from A. gonogramma (Figs 8, 12), which usually has a well-
marked darker, blackish-brown spot on the discal cell, linked by a thin, curved line to
a short diagonal bar on costa and a thin triangle on the dorsal margin, and without
a clear costal triangle subapically. In forewing markings A. lacteella is most similar to
A. centrifugens (Fig. 10), which is generally bigger (14-19 mm in wingspan) and which
has the line anteriad to the subapical costal triangle curved to reach the costa at right
angle whereas that line in A. lacteella runs obliquely into the costa. In male genitalia
(Fig. 17) this species differs from the most similar A. gonogramma by the basal projec-
tion of the valva that is slightly longer and bent mesad at right angle whereas it is just
barely curved in A. gonogramma (Figs 16, 18). The cornuti on the vesica also are smaller
and thinner in A. lacteella compared to those of A. gonogramma. In female genitalia
A. lacteella (Figs 24, 27) is also most similar to A. gonogramma (Fig. 28), but A. lacteella
has two “pockets” anterolateral of the ostium bursae, whereas A. gonogramma has one
continuous pocket anterior of the ostium.

Molecular results. Phylogenetic inference based on COI barcode alignment re-
veals a large clade grouping the A. lacteella samples. This clade is relatively homogene-
ous since the percentage of divergence within this species remains low with an average
of 1.25% (Fig. 2). It is then divided into two clades also identified by the species de-
limitation approaches. The first one is mainly composed of samples from South Amer-
ica, i.e., Brazil, French Guiana, Argentina, Colombia, but also from the Galapagos
Islands. The different intraspecific delimitations identified by the species delimitation
approaches within this clade are therefore certainly related to geographical divergence.
The historical samples originating from Panama and the United States Virgin Islands
belong to this clade as well. The barcodes of these samples are not complete (Table 1),
the missing may induce phylogenetic artefacts due to long-branch attraction. A molec-
ular analysis focused on this species including more localities but especially more loci
could clarify this situation. The second cluster is composed of a clade of samples from
the US on one side and a very large clade of samples from Costa Rica on the other. The
latter shows a very low level of variation.

Distribution. Widespread in the Western Hemisphere from the US State of Flor-
ida north to Alachua County in the north, across Central America and the Antilles, in
South America to Argentina in the south, as well as on the Galdpagos Islands (Fig. 33).

Remarks. Fabricius (1798) changed the name of his lacreella (1794) with anoth-
er (albana). The reason for this is unrecorded and remains unclear, but this is possibly
because Fabricius (1798: 476, spelling it “/actella”) incorrectly considered lacteella to
be a homonym of 7inea lactella Denis & Schiffermiiller, 1775 (a synonym of Endrosis
sarcitrella (Linnaeus)). Also, he may have corrected ‘improper’ names as in his treatments
of Tinea compositella Fabricius, 1794 and 1. taperzella Linnaeus, 1758, both without puta-
tive homonyms’ and respectively renamed Pyralis composana and P tapezana (Fabricius,
1798: 480), or he felt that the exact orthography of any name was not so important.
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Figure 3. Lectotype of Zinea lacteella Fabricius, 1794 (copyright of Natural History Museum of Den-
mark, ZMUC). Scale bar: 1 mm.

TYPELEP :No 1|

ﬁbmn:a Thia
rpnafis

HOPE DEPT.OXFORD

Figure 4. Holotype of Argyria lacteella synonym. Zebronia?? abronalis Walker, 1859 (Oxford University
Museum of Natural History; OUMNH). Scale bar: 10 mm.

The first label associated with the lectotype of A. lacteella (Fig. 3) reads “P[yralis].
albana | ex Ins. Amer: | Schmidt”. The second line of this label means “from the Ameri-
can Islands” while the name of the third line refers to the collector of the specimen,
who, according to Zimsen (1964) was either Adam Levin Smidt, a custom-house of-
ficer, or Johan Christian Schmidt, a surgeon. Both lived on the island of St Croix,
which was at that time a Danish possession (T. Pape, pers. comm. to BL, 18 August
2022). The second label associated with this type specimen refers to the collection of
Ove Ramel Sehested and Niels Tonder Lund who lived in Copenhagen and were pu-
pils and friends of Fabricius (Baixeras and Karsholt 2011).
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Figure 5. Holotype of Argyria lacteella synonym. Catharylla lusella Zeller, 1863 (NHMUK Trustees of
the Natural History Museum).

bl )

Figure 6. Holotype of Argyria lacteella synonym. Argyria vestalis Butler, 1878 (NHMUK Trustees of the
Natural History Museum).



16 Bernard Landry et al. / ZooKeys 1146: 1-42 (2023)

1]
Kk

genitalia
slide3
R W Hédgzes

Figure 7. Holotype of Argyria lacteella synonym. Argyria pusillalis variety multifacta Dyar, 1914
(NMNH; wingspan: 12 mm).

The locality of origin is an additional complication associated with A. lacteella. The
locality of Fabricius’ Pyralis albana (1798) is mentioned as “Americae insulis” [American
islands] whereas that of A. lacteella (1794) is “Americae meridionalis arboretis” [South
American arboretum]. Given that “Dr. Pflug” is mentioned in the original description
of A. lacteella, it is reasonable to conclude that “Americae insulis” was a correction for
“Americae meridionalis arboretis”. 'This is because Paul Gottfrid Pflug (1741-1789),
a medical doctor, lived in the Caribbean island of Saint Croix (United States Virgin
Islands) during the last five years of his life, where he collected insects that he sent to
Denmark. He is mentioned often by Fabricius as a specimen collector (O. Karsholt,
pers. comm. to BL, 3 June 2021). Therefore, A. lacteellal albana is from an American
island (Americae insulis) that is probably Saint Croix.

As confirmed by Copenhagen Museum former curator Ole Karsholt and present
curator Thomas Pape, only one type specimen presently exists for lacteellal albana
(Fig. 1) and because a/bana is best considered as an unjustified replacement name, the
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type of Pyralis albana Fabricius, 1798 is the same as that of 7inea lacteella Fabricius,
1794. This specimen is without an abdomen and is designated as the lectotype upon
the recommendation of curator T. Pape, who wrote (pers. comm. to BL, 7 June 2021):
“As Fabricius does not indicate the number of specimens, I would consider a lectotype
designation as appropriate, unless this has already been done by referring to this speci-
men as “the type” or something similar.” Such a designation also serves to stabilise the
identity of the species name laden with confusion caused by Fabricius himself.

The type specimen of A. lacteella (Fig. 3) is badly rubbed, lacking most scales on
the head, and some on the thorax and forewings as shown by the denuded anal vein on
the right forewing. It also lacks most of the diagnostic brown markings of the forewing,
notably the subapical triangle on the costa, but the terminal zigzagging brown line is
almost complete and there are a few brown scales in the position of the median spot
and fewer brown scales still on the dorsal margin medially.

Munroe (1995: 35) stated that Argyria abronalis is a nomen dubium, but this is
incorrect as a female type (Figs 4, 24) is in the Oxford University Museum of Natural
History (also figured at https://www.oumnh.ox.ac.uk/collections-online#/item/oum-
catalogue-3393). The forewing markings, female genitalia morphology and DNA bar-
code all concur to validate the synonymy of A. abronalis with A. lacteella. The species
was described from the female sex, without indication or indirect evidence of more
than one specimen; therefore, the OUMNH specimen is considered the holotype.

The original description of Catharylla lusella Zeller (1863) explicitly mentioned
one female only, described from the island of Saint Thomas, US Virgin Islands. Thus,
the male sign on this holotype’s slide number label is incorrect (Fig. 5). The specimen
was dissected and although the genitalia dissection was not thoroughly cleaned, the
visible morphological characters agree with those of A. lacteella. The forewing mark-
ings lack the median triangle of the dorsal margin and any indication of a median
transverse line, as in the holotype of A. lacteella, but the subapical triangle on the costa
and especially the COI barcode obtained clearly show that C. /usella syn. rev., should
be considered a synonym of A. lacteella. The name had been synonymised by Fernald
(1896), considered a synonym also by Schaus (1940), but considered valid again by
Bleszyniski and Collins (1962) and Munroe (1995; misspelled “/usalla”).

The original description of Argyria vestalis does not mention more than one speci-
men and the NHMUK does not hold additional specimens with these label data;
therefore, this specimen is considered the unique holotype. It is a lightly marked, dam-
aged, dissected male (Fig. 6); the dissection clearly shows the curved projection at the
base of the valva that is diagnostic for A. lacteella; therefore, the name A. vestalis syn.
nov. is considered a synonym of A. lacteella.

Argyria multifacta was described as a variety of A. pusillalis for which “All the specimens
have the median band continuous across the wing” (Dyar 1914: 317). Among a series of
specimens mentioned from several localities in the Panama Canal zone, one is recorded
as Type with the type number and label data mentioned above (Fig. 7). Although this
holotype shows a conspicuous and almost continuous median band on the forewing, thus
revealing strong variation in that respect in the species, other wing characters, size, and the
COI barcode data point to the synonymy of A. multifacta syn. nov. with A. lacteella.
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This species evidently became established in Florida, USA in the 1970s and conse-
quently, earlier records from Florida (Grossbeck 1917; Kimball 1965) are believed to be
wrong and referable to A. gonogramma. The earliest specimen known to us was collected
in Miami-Dade County, Fuchs Hammock near Homestead, by T.S. Dickel on 31 Au-
gust 1979 (MGCL catalogue no. 1112898, slide 6219, deposited in FSCA). The species
rapidly spread across the state, as shown by first collection years in other vouchered coun-
ties: 1983: Highlands, Monroe, Orange; 1986: Collier, Manatee; 1987: Volusia; 1988:
Lee; 1990: Pinellas; 1991: Hernando; 2000: Brevard; 2003: Marion; 2005: Alachua;
2012: Indian River; 2013: Levy (FSCA, MGCL). The collection of A. gonogramma in
Florida decades before A. lacteella strongly suggests that the latter species is non-native
and that it invaded in the given time frame (see Remarks for A. gonogramma).

Amsel (1956: 31, pl. 69 fig. 6) mentions the species from specimens sporting a wing-
span of 12—-18 mm, and although his illustration probably represents A. lacteella, no spec-
imens examined of that species were found to reach a wingspan of more than 14 mm.

The vesica of a male specimen from Florida, USA (not illustrated here) was success-
fully everted by J. Baixeras, who wrote the following to BL on 17 October 2022: “After
a lot of manipulation I was able to evert what seems like a rather tubular vesica bearing a
single row of non-deciduous cornuti tightly arranged like in a “gun charger” mode. The
vesica seems to be somewhat convoluted at the base (I do not think it an artefact), then
straight. The cornuti are extended all over the length of the vesica except in the terminal
part, close to the genital opening. The basal convolution is interesting and, if my surmise
is correct, should be correlated with some structure in the female, either a pocket, broad-
ening sclerotisation or, in some cases, some corrugated area allowing expansion during
insertion.” The basal convoluted bend at the base of the vesica reflects the shape of the
basal section of the female ductus bursae, which is indeed corrugated (Figs 24, 27).

Argyria gonogramma Dyar, 1915
Figs 8, 12, 13, 15, 16, 18, 28, 30, 34

Argyria gonogramma Dyar, 1915: 87-88. Type locality: Bermuda. Bleszyriski and Col-
lins (1962: 213).

= pusillalis Hibner, 1818: 30, [36], [38], figs 167, 168. Type locality: [USA, Mary-
land] Baltimore. Nomen dubium.

= pussillalis [sic] Hibner, 1818: 28; original misspelling.

Argyria lacteella (Fabricius, 1794): Fernald 1896: 72, plate V fig. 5; Grossbeck 1917:
126; Kimball 1965: 233; Tan 1984: 96 et seq.; Ferguson et al. 1991: 40; Munroe
1995: 35 (in part); Martinez and Brown 2007: 81, fig. 9.

Type material examined. Holotype 3 (Figs 8, 15, 16), with label data as follows: 1-
“Bermuda, | 11.3.BWI | EM. Jones”, 2- “V-3 | D”, 3- “Type No. | 18244 | U.S.N.M.”,
4- “Argyria | gonogramma | Type Dyar”, 5- “3' genitalia | slide, 29Apr[il].’32 | C.H.
#277, 6- “Genitalia Slide | By 107,454 | USNM”; deposited in the NMNH.

Other specimens examined. 411 specimens (see Suppl. material 2).
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Figure 8. Habitus of Argyria type specimen (in NMNH) with labels underneath; holotype of Argyria
gonogramma Dyar, 1915 (wingspan: 11 mm).

Morphological diagnosis. In this small satiny-white moth measuring between
10.5 and 13.5 mm in wingspan, the median markings of the forewing (Figs 8, 12)
usually include a well-marked blackish-brown spot on the discal cell that is connected
by curved lines to an oblique bar on the costa and a thin triangle on the dorsal margin.
On the forewing costa, subapically, a thin curving bar is not followed by a triangle, but
usually by 1-3 horizontal lines reaching the terminal margin below the apex. Relatively
dark brown forms, with less contrasting markings (Fig. 13) have been collected in
Alabama, Florida, and Louisiana (CUIC, FSCA, MHNG, NMNH) from December
to April. In forewing markings this species is closest to A. lacteella (Fig. 11) in which
there usually is a clear subapical triangle on the costa and for which the median spot,
if present, is paler brown and usually smaller than the costal and dorsal triangles. In
the absence of a subapical triangle on the forewing costa A. gonogramma is also similar
to A. diplomochalis (Figs 9, 14), which, however, doesn’t have any indication of a me-
dian spot or of any line between the median spot of the dorsal margin and the costa.
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In the male genitalia Argyria gonogramma (Figs 15, 16, 18) has the basal projection of
the valva shorter than that of A. lacteella (Fig. 17) and just barely curving (Fig. 16);
the cornuti on the vesica are also longer and thicker than those of A. lacteella. In the
female genitalia (Fig. 28) only one wide, sclerotised pocket can be found anterior of
the ostium bursae, whereas A. lacteella (Figs 24, 27) has two pockets in the same area.

Molecular results. Phylogenetic inference reveals that Argyria gonogramma con-
stitutes a homogeneous clade. The monophyletic clade is identified in both GMYC
and PTP species delimitation approaches, but it is not found in the ABGD approach
and is grouped with A. lacteella (Fig. 1). This clade shows very low genetic variabil-
ity within the COI barcode with an average intraspecific divergence of only 0.49%
(Fig. 2). This low genetic diversity may be the result of different evolutionary processes,
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Figure 9. Habitus of Argyria type specimen (in NMNH) with labels underneath; lectotype of Argyria
diplomochalis Dyar, 1913 (wingspan: 11 mm).
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Figure 10. Habitus of Argyria type specimen (in NMNH) with labels underneath; holotype of Argyria
centrifugens Dyar, 1914 (wingspan: 16 mm).

including recent colonisation. This species is mainly present in the US where it over-
laps with A. lacteella in Florida (Figs 33, 34).
Distribution. Bermuda, Bahamas, widespread in the Eastern USA, from North
Carolina in the North to the south of Florida, west to eastern Texas (Fig. 34).
Remarks. The specimen of A. gonogramma labelled “Type’ in the NMNH is con-
sidered the unique holotype; the species’ description (Dyar 1915) doesn’t indicate mul-
tiple specimens.
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Figure | 1. Habitus of additional Argyria specimen. Argyria lacteella (Florida, Putnam Co., FSCA). Scale
bar: 2.5 mm.

MHNG). Scale bar: 2.5 mm.

Argyria pusillalis Hiibner is associated here with A. gonogramma and not with
A. lacteella as in Munroe (1995) because at the latitude of Baltimore, Maryland,
U.S.A., the type locality of A. pusillalis, only the superficially similar A. gonogramma
or A. rufisignella (Zeller, 1872) could occur. Argyria nummulalis Hiibner, 1818 is
also known to occur in the eastern USA at the latitude of Baltimore, but this species
lacks any median markings across the forewing, unlike the illustration of A. pusillalis.
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Figure 13. Habitus of additional Argyria specimen. Argyria gonogramma (dark form, Louisiana, Calca-
sieu Co., MHNG). Scale bar: 2.5 mm.

Figure 14. Habitus of additional Argyria specimen. Argyria diplomochalis (St Croix Island, MHNG).
Scale bar: 2.5 mm.

The name A. pusillalis is considered a nomen dubium because the original description
and illustration associated with it do not allow a conclusive determination. Hiibner’s col-
lection was deposited in the Naturhistorisches Museum Wien, Vienna, Austria, which
was destroyed by fire in 1835 (Horn et al. 1990). However, although type specimens
of some of Hiibner’s Noctuidae species have recently been discovered in this museum
(Gabor and L4szI6 Ronkay, pers. comm. to BL, 11 April 2022), a search for a type spec-
imen of A. pusillalis was not successful (S. Gaal, pers. comm. to BL, 10 August 2022).
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Figure 16. Male genitalia of Argyria gonogramma holotype (NMNH). Close-up of bases of valvae with
tip of phallus in middle.
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This issue could be settled by the designation of a neotype, but we refrain from doing
that in order to avoid more instability in the nomenclature of this group. Also, we be-
lieve that it should be done in conjunction with a taxonomic revision of A. rufisignella,
at the least.

Argyria pusillalis was originally named “pussillalis” (Hiibner 1818: 28), then men-
tioned as “pusillalis” on page 30 and on two indices (pages [36] and [38]), and finally
as “pussillalis” again on the plate with the illustrations. Given that “pusillus” is Latin for
small, it seems reasonable to believe that the original spelling “pussillalis’ was in error.

Argyria gonogramma is a North American native species that was previously misi-
dentified as A. lacteella and that has been collected in the United States since the late
1800’s. The earliest specimens in the NMNH were collected by C.V. Riley from Ar[t]
elier, FL, 1882 and N.[orth]C.[arolina] (undated). Another specimen collected by Boll
in Texas (collection date unknown) was identified by “Rag[onot] \[18]86”, and then
by “CVR[iley]at the B. Mus. \[18]87”.

That this species is native to the Southeastern U.S., or at least was established long
before A. lacteella, is shown by earlier collecting dates for specimens in the FSCA and
MGCL. For example: Florida, Sarasota Co.: 1951, Alachua Co.: 1960, Volusia Co.:
1962, Okaloosa Co.: 1963, Texas: 1978, Louisiana: 1979.

The earliest record of A. lacteella in 1979 in the USA (Florida) supports the con-
clusion that Tan (1984), although referring to A. lacteella, was in fact dealing with
A. gonogramma. Tan’s (1984) unpublished MSc thesis provided a description of lar-
vae, with setal maps, which were reared from egg to adult on St. Augustine grass
(Stenotaphrum secundatum (Walt.) Kuntze; Poaceae). Tan (1984) further mentions that
the early instar larvae eat the upper epidermis only and when not feeding, larvae hide
in shelters made of leaves attached with silk, wherein moulting occurs. Tan (1984) also
records the construction by the mature larva of a “small, compact silken case covered
with frass and tiny pieces of chewed grass for pupation.”

Based on collected series of specimens both Argyria gonogramma and A. lacteella
now occur in sympatry and fly on the same dates in Florida, for example at Archbold
Biological Station in Highlands County or in Pinellas County.

Fernald (1896) treated this species under A. lacteella (pl. V fig. 5), whereas his
other illustrations on the same plate (Figs 4, 6) represent the true A. lacteella. Gross-
beck (1917), Kimball (most or all records, 1965), and Martinez and Brown (2007) all
treated this species under A. lacteella. Melanic specimens collected in winter months
account for the specimens of “A. diplomochalis” cited by Kimball (1965). This col-
ouration variant may represent an adaptation for hiding in dry grass during the winter
months and/or to obtain extra calories from the sun to allow biological activity.

The single moth at the basis of the Vermont record has been dissected and is cor-
rectly determined, but it is far outside the range since we know of no other record of
A. gonogramma north of North Carolina. It was collected in sandplain habitat (M.
Sabourin, pers. comm. to JH, 29 August 2022), which is consistent with the species’
habitat preference in Florida.
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Figure 17. Male genitalia of Argyria species. Argyria lacteella (Florida, Alachua Co.). In FSCA. Scale
bar: 500 pm.

Figure 18. Male genitalia of Argyria species. A. gonogramma (Florida, Wakulla Co.). In FSCA. Scale bar:
500 pm.
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Argyria diplomochalis Dyar, 1913
Figs 9, 14, 19, 20, 25, 31, 35

Argyria diplomochalis Dyar, 1913: 113. Type locality: [USA] Culebra Island, Puerto
Rico. Bleszyniski and Collins 1962: 213; Kimball 1965: 234, US specimens misi-
dentified; Bleszyniski 1967: 96; De la Torre y Callejas 1967: 20; Alayo and Valdés
1982: 61; Munroe 1995: 35.

Argyria diplamachalis [sic]: Schaus, 1940: 400.

Type material examined. Lectotype a (Fig. 9), here designated, with label data as
follows: 1- “Culebral[sland] | Feb[ruary]1899”, 2- “PortoRico | Aug[ust.] Busck”, 3-
“Type | No.16245” | U.S.N.M.”, 4- “Argyria | diplomochalis | Type Dyar”, 5- “J
genitalia | slide, 27 Apr[il].[19]’32 | C.H. #11.”, 6- “Genitalia Slide | By CH | 107,449
| USNM?”, 7- “Lectotype | Argyria | diplomochalis Dyar, 1913 | Des[ignated] by M.A.
Solis, 2022”, deposited in the NMNH. Paralectotypes (8 3, 1 ©), here designated
with label data as follows: 3 3J': 1-“Culebra I[sland] | Feb[bruary]1899”, 2- “Porto
Rico | Aug[ust] Busck”; 3 & 1-“Bayamon | Jan[uary] 1899”; 2- “Porto Rico | Aug[ust]
Busck™; 1 @: 1-“Bayamon | Jan[uary]1899”, 2- “Porto Rico | Aug[ust] Busck”, 3-“GS-
5620-SB | Argyria @ | lusella Z[eller] | det. Bleszyriski, 197, 4-“Genitalia slide | By SB
Q| USNM 52861”; deposited in NMNH. 1 &' [abdomen in vial]: 1- “SYN-TYPE”,
2- “Bayamon | Jan 18997, 3- “Porto Rico | Aug[ust] Busck”, 4- “Bleszyriski | Collection
| B.M. 1974-309”, 5- “Argyria | lusella Z[eller]. | & | det. Bleszyniski”, 6- “SYNTYPE
| Argyria | diplomochalis | Dyar | det. M. Shaffer, 19757, 7- “NHMUKO0136971377;
1 &1 1- “SYN-TYPE”, 2- “Culebra I[sland]. | Feb 1899”, 3- “Porto Rico | Aug[ust]
Busck”, 4- “Bfeszynski | Collection | B.M. 1974-309”, 5- “SYN-TYPE” | Argyria |
diplomochalis | Dyar | det. M. Shaffer, 19757, 6- “NHMUKO013697138”; deposited
in the NHMUK.

Other specimens examined. 41 (see Suppl. material 2).

Morphological diagnosis. Measuring 10-13 mm in wingspan this species
(Figs 9, 14) is quite similar in size and forewing markings to A. gonogramma (Figs 8, 12),
but it lacks a median line on the forewing and the median marginal markings are re-
duced to a faint brown bar on costa and a small dark-brown spot on the dorsal margin;
the forewing costa and the head also appear more strongly marked (Fig. 31), notably
more thickly dark brown at the base of the costa, on the frons laterally and on the labial
and maxillary palpi; the costa of the forewing is also gold yellow to the apex, following
the dark brown base. In male genitalia (Figs 19, 20), this species differs most noticeably
from the others treated here in the thicker and less strongly bent apical section of the
gnathos and in the short valva with a prominent sickle-shaped projection at its base.
In female genitalia (Fig. 25), A. diplomochalis differs from the others treated here more
noticeably by the long and narrow ductus bursae without sclerotised section as well as
in the large, circular corpus bursae; the ostium region also lacks any sclerotised ‘pockets’.

Molecular results. The phylogenetic clade corresponding to the species
A. diplomochalis comprises only three samples sequenced for this study. It appears that
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Figure 19. Male genitalia of Argyria diplomochalis. Holotype (NMNH).

no sequence available in the BOLD database corresponds to this species. All three spe-
cies delimitation approaches identify this clade (Fig. 1) and the average genetic diver-
gence with the two closest species, A. insons and A. centrifugens, are respectively 9.25%
and 7.16%, which confirms the high divergence of this clade and its specific status.
Within this species, the GMYC and PTP approaches separate CRA04 on one hand
and CRAO05 and CRAOQG on the other; and a mean divergence of 2.87% is observed
between the samples of this clade. But this divergence may be related to a geographi-
cal divergence since CRA04 comes from the island of Anguilla and CRA05-CRA06
come from the US Virgin Island of Saint Croix. The integration of a larger number of
samples in a genetic study could allow a finer molecular characterisation of this species.

Distribution. Antilles, from Cuba in the West to Dominica in the Lesser Antilles
in the east (Fig. 35).

Remarks. Described from 12 cotypes from Culebra Island and Bayamon, Puerto
Rico, a lectotype is designated here to ensure that the name continues to refer to this spe-
cies exclusively. Dyar (1913) stated “Cotypes, 12 specimens’, but only seven specimens
were found at the NMNH while two others (now paralectotypes) are in the NHMUK.

Examination of specimens of “A. diplomochalis® cited by Kimball (1965), in-
cluding ones in the FSCA labelled “5958,1” (Kimball’s number for that species), are
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Figure 20. Male genitalia of Argyria diplomochalis. Specimen from St Croix Island (MHNG-EN-
TO-91929) (A) with phallus detached (B).

A. gonogramma with scattered honey-brown scales on the forewings. This may be mela-
nism caused by pupation during cold weather; all the specimens have been collected
in winter or early spring.
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Argyria centrifugens Dyar, 1914
Figs 10, 21-23, 26, 32, 35

Argyria centrifugens Dyar, 1914: 318. Type locality: Panama, Canal Zone, Paraiso.
Bleszyriski and Collins 1962: 212; Bleszyniski 1967: 96; Munroe 1995: 35; Miller
etal. 2012: 11; Landry et al. 2020: 101, fig. 6A.

Type material examined. Holotype a (Figs 10, 21, 22), with label data as follows:
1- “ParaisoC[anal]Z[one] | Pan[ama]. Febr[uary].10.[19]11 | AugustBusck”, 2- “Type
| No.16318 | U.S.N.M.”, 3- “Platytes | centrifugens| Type Dyar”, 4- “J genitalia |
slide, 29Aprl[il].[19]°32| Clarl].H[einrich]. #28”, 5- “Genitalia Slide | By 107,465 |
USNM?”; deposited in the NMNH.

Other specimens examined. 87 specimens (see Suppl. material 2).

Morphological diagnosis. Argyria centrifugens (Fig. 10) is very similar in wing
markings to A. lacteella (Fig. 11), with which it can occur in sympatry in Central and
South America, although the median line is always thin and not more pronounced in
the middle or wide as in some South American specimens of A. lacteella (Fig. 7). It
is also a bigger species, sporting a wingspan of 16 (male holotype) —17 mm in males
and 16-19 mm in females, compared to 9.5-12.0 mm in males and 11.0-14.0 mm
in females of A. lacteella. Apart from size these two species differ in the colouration of
their labial palpi as those of A. lacteella (Fig. 29) and A. gonogramma (Fig. 30) are pale
greyish brown and yellowish gold with the apex satiny white whereas those of Argyria
centrifugens (Fig. 32) are mostly dark brown with paler scales on the first palpomere
but with the third palpomere dark brown to slightly paler brown. Both species are also
very different in genitalia. The male genitalia of A. centrifugens (Figs 21-23) differ most
notably in the three-pronged gnathos, the wider valva with a widely rounded apex and
without a short hook-like projection at base but with a large membranous structure
sporting a thin and pointed rod about half as long as the valva, directed toward the base
of the valva and apparently articulated. The entire female genitalia are about twice as
long in A. centrifugens (Fig. 26) than in A. lacteella (Fig. 24), the ostium is surrounded
by a broad chamber with sclerotised wrinkles on the ventral wall, and the ductus bur-
sae at the base is a medium-sized, thickly sclerotised tube in A. centrifugens whereas in
A. lacteella the antrum consists of two lateral pockets of medium size and the base of
the ductus bursae is a lightly sclerotised and corrugated round pocket.

Molecular results. Phylogenetic inference reveals that the species A. gonogramma
constitutes a distinct lineage separate from the species A. insons. The three species de-
limitation methods identified this species but also identified a subcluster separating
the sample BLDNA141. This specimen originates from Colombia while all the other
specimens come from Costa Rica. The observed genetic divergence is certainly related
to a geographical divergence. A genetic study including samples from more distant
localities such as Brazil would better characterise the genetic variability of this species.

Distribution. Central and South America, from Honduras to Colombia
and Brazil. Records from the central west coast of Florida are possibly recent
introductions (Fig. 35).
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Figure 21. Male genitalia of Argyria centrifugens NMNH) holotype.

Figure 22. Male genitalia of Argyria centrifugens holotype (NMNH); drawing without pheromone scales.
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Figure 23. Male genitalia of Argyria centrifugens NMNH). Phallus in lateral view (Nicaragua, Selva
Negra Ecolodge, MHNG-ENTO-13299). Scale bar: 250 pm.

Figures 24-26. Female genitalia of Argyria species 24 Argyria lacteella (holotype of A. abronalis, with
spermatophore inside corpus bursae; OUMNH) 25 A. diplomochalis (Anguilla Island, BL 1889, CMNH)
26 A. centrifugens (Colombia, Amazonas, Leticia, MHNG-ENTO-97427). Scale bars: 250 pm (24),
500 pm (25, 26).
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Figures 27, 28. Female genitalia of Argyria species with ultimate segments cut dorsomedially from base
to apex 27 Argyria lacteella (USA, Florida, Glades Co.) 28 A. gonogramma (USA, Florida, Orange Co.).
Both in FSCA. Scale bar: 250 pm.

Figures 29-32. Heads of Argyria specimens 29 A. lacteella (USA, Florida, Pinellas Co.) 30 A. gonogramma
(USA, Florida, Levy Co.) 31 A. diplomochalis (US Virgin Islands, St Croix) 32 A. centrifisgens (Colombia,
Amazonas, Leticia). All in MHNG. Scale bars: 250 pm (29-31), 500 um (32).
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Figure 33. Distribution of Argyria lacteella (Fabricius).

Remarks. The species was described from a specimen labelled “Type” of an un-
specified sex and two other specimens, “Also two others, Cabima, May, 1911 (Busck).”
(Dyar 1914). This “Type” is here considered the holotype. There is some variation
observed in the male genitalia, especially noticeably in the length of the median process
of the gnathos and in the length of the thin pointed rod at the base of the valva.

One female specimen identifiable as A. centrifugens was collected in Florida (Largo,
Pinellas County), 1 Feb. 1995, by J.-G. Filiatrault, deposited in the FSCA (MGCL
#1112910). It differs from typical specimens in that the labial palpi are mostly yellow-
ish brown with a few dark brown scales on the first and second palpomeres. However,
the maculation is otherwise typical, and the genitalia have the same rugose circumos-
tial chamber as described above.
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Figure 34. Distribution of Argyria gonogramma Dyar.

50

25

lat

® Historical DNA-barcoded specimen
® Recent DNA-barcoded specimen
@ Pinned specimen

-125 -100 =75 -50

lon

Figure 35. Distributions of A. centrifugens Dyar (yellow) and A. diplomochalis Dyar (pink).
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Discussion

We were able to resolve complex taxonomic questions for Argyria using an innovative
DNA hybridisation capture protocol to recover high percentages of the DNA barcode
of 18"-20" century type specimens. Thus, we were able to solve taxonomic problems
regarding synonymies of multiple names applied to the same species. Furthermore, we
compiled distribution maps based on refined identities and specimens from multiple
museums, leading to other questions regarding responses to environmental change
through time. For example, we provided evidence to refine the type locality of Argyria
lacteella as St Croix Island, whereas the three recent (2021) specimens we examined
from that island belong to A. diplomochalis (see Suppl. material 2). The possible absence
of A. lacteella on St Croix currently would not necessarily reflect the environmental
situation of 235 years or so ago when the holotype was collected. Various reasons could
explain why A. diplomochalis was recently collected on St Croix, instead of A. lacteella,
including habitat change and/or destruction. A thorough moth collecting effort on
the island may resolve the question of whether A. lacteella still occurs there. Much
remains to be learned about this group of Argyria moths, especially about their biology
and immature stages. Their distribution is also incompletely known and some speci-
men records, for example those of A. gonogramma in Vermont and of A. centrifugens
in Florida, need further validation. Finally, many more taxonomic situations such as
those dealt with in this paper occur in other insect groups that could be resolved using
the innovative DNA hybridisation capture protocol presented here.
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Abstract

The taxonomy of the Iranian species of the dysderid spider genus Dysdera Latreille, 1804 is revised. Cur-
rently, the only species of this genus known from Iran is D. pococki Dunin, 1985, albeit on the basis
of a doubtful record. The following 14 species are described as new to science in this paper: D. achae-
menes sp. nov. (9; Fars), D. bakhtiari sp. nov. (0; Chaharmahal & Bakhtiari), D. damavandica sp. nov.
(&5 Mazandaran), D. genoensis sp. nov. (3'9; Hormozgan), D. hormuzensis sp. nov. (9; Hormozgan),
D. iranica sp. nov. (39; Fars, Hormozgan), D. isfabanica sp. nov. (3 9; Isfahan), D. mazeruni sp. nov.
(9; Mazandaran), D. medes sp. nov. (3; Tehran), D. persica sp. nov. (3 9; Golestan, Mazandaran), D. sa-
gartia sp. nov. (8 Q; Tehran), D. tapuria sp. nov. (3 9; Mazandaran), D. verkana sp. nov. (3; Golestan),
and D. xerxesi sp. nov. (3; Bushehr). Distribution records of all species are mapped. Also, the taxonomy
of Mistura Petrunkevitch, 1971 and Segistriites Straus, 1967, two fossil genera currently considered in
Dysderidae, is discussed and the latter is transferred to Segestriidae.
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Introduction

The spider family Dysderidae C.L. Koch, 1837 comprises 591 extant species in 25
genera distributed in the West Palaearctic (WSC 2022). Most species have limited dis-
persal abilities and very small ranges; one exception is Dysdera crocata C.L. Koch, 1838
which has a cosmopolitan distribution due to anthropogenic transportations (Jocqué
and Dippenaar-Schoeman 2000).

Although the first record of this family in Iran dates back to late 19" century
(Pocock 1889), the dysderid fauna of this country remains almost completely unknown.
Currently, there are only three species of Dysderidae known from Iran: Dysdera pococki
Dunin, 1985, Dysderella transcaspica (Dunin & Fet, 1985), and Harpactea parthica
Brignoli, 1980 (Zamani et al. 2022a). The Iranian records of several species (i.e.,
Dysdera aculeata Kroneberg, 1875, D. asiatica Nosek, 1905, D. erythrina (Walckenaer,
1802), Harpactea babori (Nosek, 1905), H. dobati Alicata, 1974, and Tedia oxygnatha
Simon, 1882) were recently considered as misidentifications and subsequently these
species were rejected from the checklist of Iranian spiders (Zamani et al. 2017, 2022b).
Recently, we had the opportunity to examine a collection of Iranian specimens of
Dysdera Latreille, 1804, in which 14 species new to science were detected. In this paper,
all species of this genus occurring in Iran are surveyed, their distributions are mapped,
and those new to science are described and illustrated. Additionally, the taxonomy of
two fossil genera currently considered in Dysderidae is discussed, and one of them is
herein transferred to Segestriidae.

Materials and methods

Photographs of specimens and their copulatory organs were obtained using a
Nikon D300S DSLR camera attached to a Nikon S800 stereomicroscope, a Tucsen
TrueChrome Metrics microscope camera attached to a Nikon Eclipse E200 com-
pound microscope, and an Olympus Camedia E-520 camera attached to an Olym-
pus SZX16 stereomicroscope or to the eye piece of an Olympus BH2 transmission
microscope. Digital images of different focal planes were stacked with Helicon Fo-
cus™ 8.1.1. Illustrations of internal genitalia were made after digesting tissues off
with Neo PanPur commercial pancreatic enzyme cocktail pill, clearing the struc-
tures in wintergreen oil (methyl-salicylate), then mounting them on a temperate
slide preparation (Coddington 1983). Body measurements exclude the chelicerae
and spinnerets. Leg segments were measured on the dorsal side. Measurements of
legs are listed as: total length (femur, patella, tibia, metatarsus, tarsus). All measure-
ments are given in millimetres. Geographic coordinates of collection localities were
obtained from the labels or georeferenced using Google Earth. Measurements and
characters of the palp used in the diagnoses are based on the retrolateral view, unless
otherwise indicated.
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Abbreviations: Eyes: AME — anterior median eye, PLE — posterior lateral eye,
PME - posterior median eye. Spination: d — dorsal, Fe — femur, Mt — metatarsus, Pa
— patella, pl - prolateral, rl - retrolateral, Ti - tibia, v — ventral.

Depositories: MHNG — Muséum d’histoire naturelle, Geneve, Switzerland (P].
Schwendinger, L. Monod); MMUE — Manchester Museum of the University of Man-
chester, United Kingdom (D.V. Logunov); SMF — Senckenberg Museum, Frankfurt
am Main, Germany (P. Jiger); ZMUT — Zoological Museum of the University of
Turku, Finland (V. Vahtera).

Taxonomy

Family Dysderidae C.L. Koch, 1837

Comments. The family was divided into four tribes (i.e., Dysderini, Harpactini, Or-
solobini and Rhodini) by Cooke (1965), of which three were elevated to subfamilies
(i.e., Dysderinae, Harpacteinae and Rhodinae) by Deeleman-Reinhold and Deeleman
(1988), and one was elevated to the family-level (i.e., Orsolobidae Cooke, 1965) by
Forster and Platnick (1985).

Although Dysderidae appears to be a monophyletic family often considered restricted
to the Palacarctic, it is in fact distributed only in the West Palaearctic (from Canary Islands
to west Xinjiang) and polyphyletic with its current generic composition. Eleven species of
five genera are known from fossils (Dunlop et al. 2020): Dasumiana Wunderlich, 2004 (3
spp.), Dysdera (1 sp.), Harpactea Bristowe, 1939 (5 spp.), Segistriites Straus, 1967 (1 sp.),
and Mistura Petrunkevitch, 1971 (1 sp.). Judging by the position of the legs (i.e., legs I-11I
directed forwards) and the overall somatic features of Segistriites cromei Straus, 1967, this
monotypic Neogene fossil genus is herein transferred to Segestriidae Simon, 1893. At the
time of the description of Segistriites, Segestriidae was not a separate family but rather a
subfamily (i.e., Segestriinae Simon, 1893) of Dysderidae. Furthermore, Strauss (1967) ex-
plicitly mentions the close affinity of this genus to Segeszria Latreille, 1804, the type genus
of Segestriidae. The monotypic Neogene fossil genus Mistura also appears to be misplaced
in Dysderidae: the holotype specimen of Mistura perplexa Petrunkevitch, 1971 has an un-
known arrangement of eyes and several characters different from Dysderidae, including a
lack of claw tufts, the presence of an onychium, and long spinnerets (Petrunkevitch 1971).

Composition. More than 600 species in 26 genera (Dunlop et al. 2020; WSC
2022; current paper).

Subfamily Dysderinae C.L. Koch, 1837

Diagnosis. This subfamily can be diagnosed from other dysderids by the edge of
sternum-labium joint ca. 2.5-3x longer than the edge of the maxilla-sternum joint,
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all tarsi bearing claw tufts, posterior metatarsi bearing scopulae, and the spineless
anterior tibiae and metatarsi. Furthermore, the bulb of dysderines does not bear a free
embolus (with the exception of Harpactocrates Simon, 1914), and the posterior diver-
ticulum of endogyne is large and wide (Deeleman-Reinhold and Deeleman 1988; Le
Peru 2011; Kunt et al. 2019).

Composition. Around 360 species in 11 genera: Cryptoparachtes Dunin, 1992,
Dysdera Latreille, 1804, Dysderella Dunin, 1992, Dysderocrates Deeleman-Reinhold
& Deeleman, 1988, Harpactocrates, Hygrocrates Deeleman-Reinhold, 1988, Kur Kunt,
Elverici, Yagmur & Ozkiitiik, 2019, Parachtes Alicata, 1964, Rhodera Deeleman-Rein-
hold, 1989, Stalitochara Simon, 1913, and 7edia Simon, 1882. The position of Rho-
dera in Dysderinae is questionable (see Le Peru 2011).

Genus Dysdera Latreille, 1804

Type species. Aranea erythrina Walckenaer, 1802, from France.

Diagnosis. Dysdera can be diagnosed from other dysderine genera by the interd-
istance of PLE and PME less than half of their diameter, three or four cheliceral teeth
in one series, punctiform (= highly reduced) fovea, and femur I at least twice as long
as coxa I. The bulb is cylindrical, bearing a broad posterior apophysis and a distal
psembolus. The endogyne is composed by an anterior diverticulum bearing a dorsal
arch and a ventral arch, a transverse receptacle and a posterior diverticulum bearing a
transverse bar (Deeleman-Reinhold and Deeleman 1988; Le Peru 2011).

Comments. Deeleman-Reinhold and Deeleman (1988) proposed nine species
groups within Dysdera: aculeata, asiatica, crocata, erythrina, festai, lata, longirostris, nin-
nii, and punctata. Charitonov (1956) and Fomichev and Marusik (2021) proposed an
additional ¢ylindrica group composed of Central Asian species considered within asiati-
ca group by Deeleman-Reinhold and Deeleman (1988), mostly based on their disjunct
distribution. Here, we tentatively treat these species within aculeata group, primarily on
the basis of the conformation of male palp and considering that the discovery of similar
species in Iran fills this distributional gap. Furthermore, characters based on spination
used by Deeleman-Reinhold and Deeleman (1988) in definition of the species groups
are not followed here as they appear to be variable; assignment of the species treated here
to their respective groups is primarily based on the conformation of male palp.

Composition. More than 310 species (WSC 2022).

aculeata species group

Diagnosis. This group can be diagnosed by a combination of the following characters: the
carapace elongated and hexagonal, and the psembolus longer than the tegulum, with an an-
terior (= median) crest and an acuminate apex (Deeleman-Reinhold and Deeleman 1988).

Comments. Currently, there is no clear distinction between the aculeata and asiati-
ca groups, both of which are in serious need of a thorough revision (see Dimitrov 2021).
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Dysdera achaemenes sp. nov.
https://zoobank.org/83006184-7584-4AB0-9862-8 C050A4A719C
Figs 1A-C, 2A, B

Type material. Holotype @ (ZMUT), Iran: Fars Province: Khanj, Khan Cave,
27°44'N, 53°20'E.

Etymology. The specific epithet is a noun in apposition, referring to the apical
ancestor of the Achaemenid dynasty of rulers of Persia.

Figure 1. Female of Dysdera achaemenes sp. nov., habitus. A dorsal view B ventral view C lateral view.
Scale bars: 1.0 mm.
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Figure 2. Female of Dysdera achaemenes sp. nov., endogyne. A ventral view B dorsal view. Scale bars:

0.25 mm. Abbreviations: Az — anterior angle, Da — dorsal arch, Le — lateral edge, Pd — posterior diverticu-

lum, Re — receptacle, 75 — transverse bar.

Diagnosis. The new species differs from its congeners occurring in the region by
the very long receptacle (Re), longer than the posterior margin of the dorsal arch (Da)
(vs. shorter).

Description. Female. Habitus as in Fig. 1A-C. Total length 8.13. Carapace 3.28
long, 2.58 wide. Eye diameters: AME 0.12, PME 0.12, PLE 0.14. Carapace, sternum,
chelicerae, labium, and maxillae reddish. Legs pale orange. Abdomen pale cream-col-
oured, without any pattern. Spinnerets uniformly pale cream-coloured. Measurements
of legs: I: 8.77 (2.64, 1.56, 2.21, 1.78, 0.58), 1I: 8.49 (2.42, 1.44, 2.02, 2.08, 0.53),
III: 6.54 (1.87,0.99, 1.30, 1.92, 0.46), IV: 8.99 (2.51, 1.32, 2.07, 2.47, 0.62). Spina-
tion: I: Fe: 3pl. II: Fe: 1pl. I1I: Fe: 1pl; Ti: 4pl, 1tl, 6v; Mt 3pl, 21, 6v. IV: Fe: 9d, 11l;
Ti: 4pl, 6v; Mt: 3pl, 21, 5v.

Endogyne as in Fig. 2A, B; length/width ratio ca. 2.6; receptacle slightly arched, 5x
longer than wide, anterior angles (44) rounded, not long; dorsal arch (Da) trapezoidal;
transverse bar (75) as wide as receptacle, lateral edges (Le) directed posterolaterally;
posterior diverticulum (P4) hexagonal.

Male. Unknown.

Distribution. Known only from the type locality in Fars Province, southern

Iran (Fig. 35).

Dysdera bakhtiari sp. nov.
https://zoobank.org/8B8C7362-DAA2-4167-ACE9-4BEB6528ACBE
Figs 3, 4A-D

Type material. Holotype & (MHNG), Iran: Chaharmahal & Bakhtiari Province:
Zard Kuh, 32°23'N, 50°07'E, 2700 m, 20.06.1974 (A. Senglet).

Etymology. The specific epithet is a noun in apposition, referring to an Iranian
tribe primarily inhabiting Chaharmahal & Bakhtiari, Khuzestan, Lorestan, Bushehr,
and Isfahan provinces.
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Figure 3. Male of Dysdera bakhtiari sp. nov., habitus, dorsal view. Scale bar: 1.0 mm.

Diagnosis. This species can be distinguished from other species of the aculeara group
occurring in the region by having a wider psembolus (i.e., 1.5x wider than the tegulum).

Description. Male. Habitus as in Fig. 3. Total length 5.97. Carapace 2.55 long, 1.97
wide. Eye diameters: AME 0.10, PME 0.08, PLE 0.11. Carapace, sternum, chelicerae, la-
bium, and maxillae reddish brown. Legs orange. Abdomen cream-coloured, without any
pattern. Spinnerets uniformly cream-coloured. Measurements of legs: I: 7.40 (2.07, 1.26,
1.80, 1.82,0.45), 11: 6.68 (1.83, 1.17, 1.61, 1.61, 0.46), I11: 5.02 (1.42, 0.81, 0.98, 1.40,
0.41), IV: 6.51 (1.87, 0.97, 1.43, 1.77, 0.47). Spination: I: Fe: 4pl. II: Fe: 3pl. I1I: Fe:
3pl, 1rl; Ti: 4pl, 21, 5vi Me: 6pl, 21l, 2v. IV: Fe: 7d, 1pl; Ti: 5pl, 21, Sv; Mt 5pl, 21l, 5v.

Palp as in Fig. 4A-D; bulb ca. 2x longer than wide; tegulum bell-shaped, 1.2x
longer than wide; psembolus 1.5x longer than tegulum; median crest (Mc) rounded,
ca. 2.2x shorter than length of psembolus, ca. 4x wider than high; posterior apophysis
(Ap) very large, rounded; incision between tegulum and psembolus absent; retrolateral
crest (Rc) gradually rounded.

Female. Unknown.

Distribution. Known only from the type locality in Chaharmahal & Bakhtiari
Province, southwestern Iran (Fig. 35).

Dysdera hormuzensis sp. nov.
https://zoobank.org/OAAED40A-FE9B-4302-A6GFB-71C20654D745
Figs SA-C, 6A, B

Type material. Holotype © (ZMUT), Iran: Hormozgan Province: Hormuz Island,
27°02'N, 56°29'E, 01.2014 (A. Zamani).

Etymology. The specific epithet is an adjective referring to Hormuz Island, from
where the holotype was collected.

Diagnosis. The new species differs from all Dysdera species occurring in the region
by the receptacle divided into two chambers (vs. undivided), and the indistinct dorsal
arch (vs. distinct).
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Figure 4. Male of Dysdera bakhtiari sp. nov., bulb A retrolateral view B prolateral view € anterior view
D posterior view. Scale bars: 0.25 mm. Abbreviations: Ap — posterior apophysis, Mc — median crest,

Rc — retrolateral crest.
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Figure 5. Female of Dysdera hormuzensis sp. nov., habitus A dorsal view B ventral view C lateral view.
Scale bars: 1.0 mm.
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Figure 6. Female of Dysdera hormuzensis sp. nov., endogyne A ventral view B dorsal view. Scale bars: 0.25 mm.

Description. Female. Habitus as in Fig. 5A—C. Total length 8.11. Carapace 3.26
long, 2.56 wide. Eye diameters: AME 0.13, PME 0.13, PLE 0.14. Carapace, sternum,
chelicerae, labium, and maxillae orangish. Legs pale orange. Abdomen pale cream-
coloured, without any pattern. Spinnerets uniformly pale cream-coloured. Measure-
ments of legs: I: 7.87 (2.19, 1.29, 2.01, 1.85, 0.53), II: 7.31 (1.99, 1.19, 1.77, 1.83,
0.53), I1I: 5.83 (1.61, 0.88, 1.13, 1.74, 0.47), [V: 7.27 (1.83, 1.05, 1.56, 2.22, 0.61).
Spination: I: Fe: 2pl. II: Fe: 3pl. III: Fe: 3d; Pa: 1d, 1pl; Ti: 5pl, 2tl, 6v; Me: 3d, 6pl,
2rl. IV: Fe: 8d; Pa: 1pl; Ti: 5pl, 31, 6v; Me: 3pl, 4rl, 3v.

Endogyne as in Fig. 6A, B; length/width ratio ca. 2.6; receptacle 2x longer than
wide, divided in two chambers, with an anterior median concavity; anterior angles
located almost at mid-part of each chamber and directed anteriorly, approximately as
long as wide; dorsal arch indistinct; transverse bar ca. 4.6x longer than wide, mid-part
similar to an inverted trapezoid, anterior part 1.3x longer than posterior part; lateral
edges directed postero-laterally, clearly separated from transverse bar by an incision;
posterior diverticulum elongated horizontally.

Male. Unknown.

Comments. The species group (or even generic) assignment of this species is tenta-
tive pending the collection of the corresponding male.

Distribution. Known only from the type locality in Hormuz Island, the Persian
Gulf (Fig. 35).

Dysdera iranica sp. nov.
https://zoobank.org/ DB4EG6E44-A312-424C-9AA5-BBEIEGAOGFBS
Figs 7A-F, 8A-D, 9A, B

Type material. Holotype & (ZMUT), Iran: Hormozgan Province: Siahu, 27°45'N,
56°20'E, 02.2018 (A. Zamani). Paratypes: 19 (ZMUT), same data as the holotype; 1
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D

Figure 7. Female (A=C) and male (D=F) of Dysdera iranica sp. nov., habitus A, D dorsal view B, E ven-

tral view C, F lateral view. Scale bars: 1.0 mm.

(MMUE), Fars Province: Shiraz, inside house, 29°37'N, 52°30'E, 6.05.1982 (P. Has-
sanzadeh); 18 (MMUE), Shiraz, garden, 29°37'N, 52°30'E, 04.1982 (P. Hassanzadeh);
1819 (MMUE), Shiraz, inside house, 29°37'N, 52°30'E, 06.1982 (P. Hassanzadeh);
19 (ZMUT), Hormozgan Province: Siahu, 27°45'N, 56°20'E, 02.2020 (A. Zamani);
19 (ZMUT), Siahu, palm orchards, 27°45'N, 56°20'E, 02.2020 (A. Zamani).

Etymology. The specific epithet is an adjective and refers to the country from
where the specimens of the new species were collected.

Diagnosis. The male of the new species is somewhat similar to that of D. ara-
bica Deeleman-Reinhold, 1988 from Oman (cf. Fig. 8A-D and Deeleman-Reinhold
and Deeleman 1988: figs 309-310), but differs by the small, claw-like posterior apo-
physis (vs. broad and rounded) and keel-like median crest (vs. rounded). The male of
D. iranica sp. nov. differs from those of its congeners occurring in Iran by the elongate
keel-like median crest (vs. rounded or triangular). The female of D. iranica sp. nov. is
most similar to that of D. tapuria sp. nov. by having a very wide receptacle (i.e., > 2x
wider than the transverse bar), but differs by having a triangular extension (7¢) in the
anterior margin of the receptacle (vs. absent).

Description. Male (Holotype). Habitus as in Fig. 7D-FE Total length 7.32. Cara-
pace 3.35 long, 2.63 wide. Eye diameters: AME 0.15, PME 0.15, PLE 0.15. Carapace,
sternum, chelicerae, labium, and maxillae reddish. Legs yellowish orange. Abdomen
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Figure 8. Male of Dysdera iranica sp. nov., bulb A retrolateral view B prolateral view C anterior view
D posterior view. Scale bars: 0.25 mm.

Figure 9. Female of Dysdera iranica sp. nov., endogyne A ventral view B dorsal view. Scale bars: 0.25 mm.

Abbreviation: 7¢ — triangular extension.

cream-coloured, without any pattern. Spinnerets uniformly dark yellowish. Measure-
ments of legs: I: 11.4 (3.14, 1.92, 2.86, 2.84, 0.63), 1I: 10.26 (2.72, 1.78, 2.46, 2.68,
0.62), I11: 7.61 (2.14, 1.17, 1.54, 2.13, 0.63), IV: 9.75 (2.69, 1.53, 2.12, 2.74, 0.67).
Spination: I: Fe: 3pl. II: Fe: 3pl. I1I: Fe: 3pl, 1rl; Pa: 1pl; Ti: 5pl, 3rl, 5v; Mt 6pl, 21l,
2v. IV: Fe: 7d, 2pl, 1rl; Pa: 1pl; Ti: 6pl, 211, 6v; Mt: 3pl, 21, 5v.

Palp as in Fig. 8A-D; bulb ca. 2.5x longer than wide; tegulum bell-shaped, al-
most as long as wide; psembolus 1.4x longer than tegulum; median crest rounded, ca.
2.5x shorter than length of psembolus, ca. 2.5x wider than high; posterior apophysis
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claw-shaped, 1.5x longer than wide; incision between tegulum and psembolus absent;
retrolateral crest gradually rounded.

Female. Habitus as in Fig. 7A—C. Total length 8.20. Carapace 3.03 long, 2.45
wide. Eye diameters: AME 0.14, PME 0.13, PLE 0.14. Colouration as in male. Meas-
urements of legs: I: 8.45 (2.48, 1.44, 1.94,2.01, 0.58),11: 7.79 (2.17, 1.35, 1.88, 1.91,
0.48), I11: 6.25 (1.77, 1.05, 1.16, 1.71, 0.56), IV: 7.88 (2.28, 1.29, 1.72, 2.01, 0.58).
Spination: I: Fe: 3pl. II: Fe: 2pl. III: Fe: 2d, 3pl, 3rl; Ti: 4pl, 21l, Sv; Mt: 5pl, 21l, 3v.
IV: Fe: 7d, 11l; Ti: 3pl, 21l, 6v; Mt: 3pl, 21l, 3v.

Endogyne as in Fig. 9A, B; length/width ratio ca. 2.1; receptacle 4x longer than
wide, almost inverted trapezoidal; anterior angle large and triangular, with its base as
wide as receptacle, directed antero-laterally; receptacle with median triangular exten-
sion (7¢); dorsal arch trapezoidal, anterior corners rounded, posterior margin 1.6x
longer than anterior, anterior margin ca. 1.25x longer than width of dorsal arch; trans-
verse bar slightly arched, 1.5x longer than receptacle; lateral edges with horizontal
anterior margins; posterior diverticulum trapezoidal.

Distribution. Known from the listed localities in Fars and Hormozgan provinces,
south-central and southern Iran (Fig. 35).

Dysdera isfabanica sp. nov.
https://zoobank.org/BDD33AFB-357C-4213-8EC6-2D30E261FE4B
Figs 10A-D, 11A, B, 12A-D, 14A-D

Dysdera erythrina: Roewer 1955: 752 (in part, misidentification).

Type material. Holotype & (SMF), Iran: Isfahan Province: Pir Bakran, 150 km
west of Isfahan, 32°28'N, 51°33'E (H. LofHler). Paratype: 1S (SMF), same data as
the holotype.

Etymology. The specific epithet is an adjective, referring to the type locality of
the species.

Diagnosis. The male of this species differs from those of the other species of the
aculeata group occurring in the region by the very long psembolus (i.e., length of
psembolus/length of tegulum = 1.85 in the new species, vs. 1.6 or less in most other
species), rounded arch-like ridge (A7), presence of the notch of posterior apophysis (vs.
absent), and median position of the posterior apophysis on the psembolus (vs. close to
tegulum). Dysdera persica sp. nov. also bears a long psembolus (i.e., length of psembo-
lus/length of tegulum = 2), but differs from D. isfahanica sp. nov. in the shape of the
posterior apophysis. The female of this species can be recognized by its long anterolat-
erally stretched angles of the receptacle.

Description. Male. Habitus as in Figs 10A, C, 11A, B. Total length 10.47. Cara-
pace 4.15 long, 3.45 wide. Eye diameters: AME 0.17, PME 0.14, PLE 0.15. Carapace,
sternum, chelicerae, labium, and maxillae orange. Legs yellowish. Abdomen pale beige,
without any pattern. Spinnerets uniformly pale beige. Measurements of legs: I: 13.57
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Figure 10. Male (A, C) and female (B, D) of Dysdera isfahanica sp. nov., habitus A, D ventral view
B, C dorsal view. Scale bars: 1.0 mm.
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Figure | 1. Male of Dysdera isfabanica sp. nov., prosoma A dorsal view B frontal view. Scale bars: 0.5 mm.

(3.77,2.47,3.23,3.21, 0.89), 1I: 12.83 (3.47, 2.34, 2.96, 3.16, 0.90), I1I: 9.23 (2.60,
1.39, 1.95, 2.58, 0.71), IV: 12.28 (3.47, 1.91, 2.59, 3.43, 0.88). Spination: I: Fe:
1-2pl. II: no spines. III: Ti: 4pl, 2rl, 4v; Mt: 6pl, 6rl. IV: Fe: 6d; Ti: 2d, 2pl, 21, 2v;
Mzt 6pl, 51l

Palp as in Fig. 12A-D; bulb ca. 2.5x longer than wide; tegulum bell-shaped, al-
most as long as wide; psembolus 1.8x longer than tegulum; median crest rounded, ca.
3.4x shorter than length of psembolus, ca. 2x wider than high; posterior apophysis
claw-like, 2.3x longer than wide; incision between tegulum and psembolus absent;
retrolateral crest forming right angle.

Female. Habitus as in Fig. 10B, D. Total length 9.45. Carapace 3.30 long, 2.55
wide. Eye diameters: AME 0.15, PME 0.14, PLE 0.12. Colouration as in male. Meas-
urements of legs: 1: 9.74 (2.76, 1.66, 2.31, 2.40, 0.61), 11: 8.80 (2.52, 1.50, 2.08, 2.13,
0.57), I1I: 6.74 (1.94, 1.08, 1.28, 1.90, 0.54), IV: 8.68 (2.47, 1.31, 1.90, 2.46, 0.54).
Spination: I: Fe: 3pl. II: Fe: 4pl. I1I: Fe: 5d, 1rl; Pa: 3pl; Ti: 4pl, 211, 6v; Me: 3pl, 21l,
6v. IV: Fe: 8-11d, 2pl; Pa: 1pl; Ti: 5pl, 4rl, 6v; Me: 2pl, 31l, 6v.

Endogyne as in Fig. 14A-D; length/width ratio ca. 2; receptacle ca. 5x longer than
wide, with long anterior angles (i.e., longer than width of their bases), anterior mar-
gin almost straight; dorsal arch trapezoidal; transverse bar straight, 1.6x longer than
receptacle; anterior margin of lateral edge inclined, lateral edge approximately as wide
as receptacle; posterior diverticulum almost rectangular, its posterior edge rounded.

Comments. The material of this species and D. mazeruni sp. nov. (i.e., one male
and two females in total) were reported by Roewer (1955); although he indicated that
the females were collected in two different localities, they were found preserved in the
same vial. The paratype female of D. isfahanica sp. nov. is matched with the holotype
male due to their similar spination pattern and colouration.

Distribution. Known only from the type locality in Isfahan Province, central
Iran (Fig. 35).
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Figure 12. Male of Dysdera isfahanica sp. nov., bulb A retrolateral view B prolateral view C anterior view
D posterior view. Scale bars: 0.25 mm. Abbreviation: Ar — arch-like ridge.
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Dysdera mazeruni sp. nov.
https://zoobank.org/53699EB1-066B-405B-872C-84E69085B8F6
Figs 13A, B, 14E-G

Dysdera erythrina: Roewer 1955: 752 (in part, misidentification).

Type material. Holotype @ (SMF), Iran: Mazandaran Province: Caspian coast, for-
est in Chalus, 36°40'N, 51°25'E (E Starmiihlner). Paratype: 19 (MMUE), north
of Javaher-Deh Vil., ~ 500 m down by elevation down from vil., 36°52'19.2"N,
50°28'01.2"E, 9.06.2000 (Y.M. Marusik).

Etymology. The specific epithet is a noun in apposition, named after an Iranian
language of the northwestern branch spoken by the Mazandarani people.

Diagnosis. The new species is similar to D. isfahanica sp. nov., but differs by
the arched anterior margin of receptacle (vs. almost straight), almost square-shaped
dorsal arch (vs. distinctly trapezoidal), and shorter anterior angles (vs. longer, cf.

Fig. 14A-D, E-G).

Figure |3. Female of Dysdera mazeruni sp. nov., habitus A dorsal view B ventral view. Scale bars: 1.0 mm.
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Figure 14. Females of Dysdera isfahanica sp. nov. (A=D) and D. mazeruni sp. nov. (E=G), endogynes
A, C, F ventral view B, D, E, G dorsal view. Scale bars: 0.2 mm.

Description. Female (Holotype). Habitus as in Fig. 13A, B. Total length 8.90.
Carapace 4.25 long, 3.37 wide. Eye diameters: AME 0.21, PME 0.19, PLE 0.22.
Carapace, sternum, chelicerae, labium, and maxillae orange. Legs yellowish. Abdomen
pale beige, without any pattern. Spinnerets uniformly pale beige. Measurements of
legs: I: 10.93 (3.48, 2.02, 2.50, 2.25, 0.68), II: 10.00 (2.95, 1.86, 2.31, 2.25, 0.63),
III: 7.46 (2.38, 1.08, 1.44, 1.91, 0.65), IV: 9.92 (2.71, 1.50, 2.12, 2.88, 0.71). Spina-
tion: I, II: no spines. III: Fe: 1d; Ti: 2pl, 2rl, numerous v spine-like setae; Mt: 2pl, 4rl,
5v. IV: Fe: 2d; Ti: 2pl, 2rl, numerous v spine-like setae; Mt: 3pl, 2tl, 6v.

Endogyne as in Fig. 14E-G; length/width ratio ca. 2.2; receptacle with slightly
arched anterior margin, ca. 5x longer than wide, anterior angles slightly rounded; dor-
sal arch almost square-shaped, posterior margin 1.2x longer than anterior margin;
transverse bar straight, 1.7x longer than receptacle; lateral edges broad, wider than
receptacle; posterior diverticulum narrowing posteriorly.

Male. Unknown.

Comments. As for the previous species.

Distribution. Known only from the listed localities in Mazandaran Province,
northern Iran (Fig. 35).
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Dysdera persica sp. nov.
https://zoobank.org/5SCCD54FC-78A6-4AA9-A521-C53C8C70F140
Figs 15A-F, 16A-D, 17A, B

Type material. Holotype & (ZMUT), Iran: Golestan Province: Shast Kalateh,
36°45'N, 54°21'E, 2017 (R. Rafiei-Jahed). Paratypes: 7359 (ZMUT), same data
as the holotype; 14 (ZMUT), Mazandaran Province: Polur, 35°50'N, 52°03'E,
10.2015 (A. Zamani); 14 (MHNG), Kiyasar, 36°14'N, 53°33'E, 1500 m,
11.07.1975 (A. Senglet).

Etymology. The specific epithet is an adjective, referring to the historical region of
the Middle East, located in eastern Mesopotamia, which is now Iran.

Diagnosis. The male of this species differs from those of the other species of the
aculeata group occurring in Iran by the extremely long bulb (especially psembolus, i.e.,
twice longer than tegulum), and by the tegulum with posterior margin 1.3x longer
than anterior margin (vs. equal or shorter in length). The female of D. persica sp. nov.
differs from those of its congeners by having the broadest dorsal arch, bearing almost
angled anterior corners (vs. rounded).

A

Figure 15. Female (A—C) and male (D—F) of Dysdera persica sp. nov., habitus A, D dorsal view B, E ven-
tral view C, F lateral view. Scale bars: 1.0 mm.
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Figure 16. Male of Dysdera persica sp. nov., bulb A retrolateral view B prolateral view € anterior view
D posterior view. Scale bars: 0.25 mm.

Description. Male (Holotype). Habitus as in Fig. 15D-FE Total length 9.06. Car-
apace 4.19 long, 3.20 wide. Eye diameters: AME 0.14, PME 0.16, PLE 0.17. Cara-
pace, sternum, chelicerae, labium, and maxillae reddish brown. Legs orange. Abdomen
greyish, without any pattern. Spinnerets uniformly dark yellowish. Measurements of
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Figure 17. Female of Dysdera persica sp. nov., endogyne A ventral view B dorsal view. Scale bars: 0.25 mm.

legs: I: 13.98 (3.96, 2.36, 3.43, 3.52, 0.71), II: 12.87 (3.60, 2.11, 3.07, 3.27, 0.82),
III: 9.38 (2.74, 1.51, 1.84, 2.70, 0.59), IV: 12.37 (3.54, 1.95, 2.66, 3.40, 0.82). Spi-
nation: I: Fe: 2pl. II: Fe: 1pl. I1I: Fe: 1pl; Ti: 5pl, 3tl, 4v; Mt: 5d, 9pl, 511, 3v. IV: Fe:
4d; Ti: 4pl, 61l, 1v; Mt: 5d, 6pl, 711, 6v. Ti III-IV with a row of thin rigid ventral setae.

Palp as in Fig. 16A-D; bulb ca. 2.3x longer than wide; tegulum bell-shaped, almost
as long as wide; psembolus 2x longer than tegulum; median crest triangular, ca. 2x
shorter than length of psembolus, ca. 2.4x wider than high; posterior apophysis broad;
incision between tegulum and psembolus present; retrolateral crest gradually rounded.

Female. Habitus as in Fig. 15A—C. Total length 11.0. Carapace 4.25 long, 3.16
wide. Eye diameters: AME 0.17, PME 0.18, PLE 0.15. Carapace and chelicerae dark
reddish violet; sternum, labium, and maxillae reddish brown. Leg reddish brown. Ab-
domen greyish, without any pattern. Spinnerets uniformly greyish. Measurements of
legs: I: 11.02 (3.15, 1.98, 2.59, 2.51, 0.79), 11: 9.61 (2.72, 1.76, 2.32, 2.14, 0.67), I1I:
8.07 (2.27, 1.33, 1.62, 2.14, 0.71), IV: 10.54 (3.02, 1.66, 2.15, 2.89, 0.82). Spina-
tion: I: Fe: 3pl. II: Fe: 1pl. I1I: Fe: 1d; Ti: 4pl, 4rl; Mt: 12pl, 511, 4v. IV: Fe: 4d; Ti: 5pl,
4rl, 1v; Mt 14pl, 9rl, 3v. Ti III-IV with a row of thin rigid ventral setae.

Endogyne as in Fig. 17A, B; length/width ratio ca. 1.9; receptacle 3.5x longer than
wide, 1.2x wider than transverse bar; anterior angles rounded; dorsal arch trapezoidal;
transverse bar straight, ca. 1.8x longer than receptacle; lateral edges with almost horizontal
anterior margins, as long as width of receptacle; posterior diverticulum rectangular.

Distribution. Known only from listed localities in Golestan and Mazandaran
provinces, northern Iran (Fig. 35).

Dysdera pococki Dunin, 1985
Dysdera concinna: Pocock 1889: 112 (misidentified as per Deeleman-Reinhold and

Deeleman 1988: 2306).
Dysdera pococki Dunin 1985: 114, figs 1, 2 (A.
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Comments. The Iranian record of this species is doubtful. Dunin (1985) described
D. pococki on the basis of a male specimen from Turkmenistan, and the female of
the species remains undescribed. Without providing any illustrations, Pocock (1889)
reported a single female specimen from northeastern Iran which he tentatively identi-
fied as D. concinna L. Koch, 1878; this record was later attributed to D. pococki by
Deeleman-Reinhold and Deeleman (1988), due to their close collection localities and
without an examination of the Iranian material. This matter should be revisited once
the female of D. pococki is described and the specimen reported by Pocock from Iran
is studied and illustrated.

Records in Iran. Razavi Khorasan (Pocock 1889) (Fig. 35).

Distribution. Iran, Turkmenistan.

Dysdera sagartia sp. nov.
https://zoobank.org/FD19AF41-B7A5-4B99-A384-9FEBOD8B3E77
Figs 18A-F, 19A-D, 20A, B

Type material. Holotype & (ZMUT), Iran: Tehran Province: Tehran, 35°45'N,
51°24'E, 04.2014 (A. Zamani). Paratypes: 1319 (ZMUT), Tehran, 35°42'N,
51°25'E, 03.2014 (A.H. Bakhtiari).

Etymology. The specific epithet is a noun in apposition, referring to an ancient
tribe dwelling in the Iranian plateau.

Diagnosis. The male of this species differs from those of the other species of the
aculeata group occurring in Iran by the strong dorsal incision between tegulum and

A

Figure 18. Female (A-C) and male (D-F) of Dysdera sagartia sp. nov., habitus A, D dorsal view
B, E ventral view C, F lateral view. Scale bars: 1.0 mm.
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Figure 19. Male of Dysdera sagartia sp. nov., bulb A retrolateral view B prolateral view € anterior view

D posterior view. Scale bars: 0.25 mm.
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Figure 20. Female of Dysdera sagartia sp. nov., endogyne A ventral view B dorsal view. Scale
bars: 0.25 mm.

psembolus, and the posterior apophysis bent on right angle (vs. no or small inci-
sion, and posterior apophysis not bent on right angle); the most similar species is
D. mikbailovi Fomichev & Marusik, 2021 from Tajikistan, from which the new species
differs by having a dorsal incision between tegulum and psembolus, the parallel dorsal
sides of tegulum and psembolus (vs. dorsal margin of psembolus inclined), and smaller
retrolateral crest angled at distal 1/3 of psembolus (vs. larger and angled at mid-part).
The female of D. sagartia sp. nov. differs from those of its congeners occurring in Iran
by having an arched anterior margin of receptacle in combination with a lack of an-
terior angles (vs. species with arched receptacle have anterior angles), and the almost
semiround dorsal arch (vs. trapezoidal).

Description. Male (Holotype). Habitus as in Fig. 18D-F Total length 8.38. Car-
apace 4.29 long, 3.17 wide. Eye diameters: AME 0.18, PME 0.15, PLE 0.15. Cara-
pace, sternum, chelicerae, labium, and maxillae reddish. Legs yellowish orange. Ab-
domen cream-coloured, without any pattern. Spinnerets uniformly cream-coloured.
Measurements of legs: I: 14.51 (3.99, 2.46, 3.61, 3.68, 0.77), 1I: 12.87 (3.41, 2.02,
3.19, 3.50, 0.75), I1I: 9.24 (2.75, 1.17, 2.04, 2.47, 0.81), [V: 11.84 (3.51, 1.62, 2.70,
3.13, 0.88). Spination: I: Fe: 3pl. II: Fe: 3pl. I1I: Fe: 1d, 3pl; Ti: 5pl, 211, 5v; Mt: 6pl,
4rl, 2v. IV: Fe: 8d, 1pl, 11l; Ti: 6pl, 3rl, 7v; Mt: 6pl, 21l, 5v.

Palp as in Fig. 19A-D; bulb ca. 2.1x longer than wide; tegulum bell-shaped, al-
most as long as wide; psembolus 1.44x longer than tegulum; median crest rounded, ca.
2.3x shorter than length of psembolus, ca. 3.1x wider than high; posterior apophysis
broad; incision between tegulum and psembolus present; retrolateral crest bent on
obtuse, almost right, angle.

Female. Habitus as in Fig. 18A—C. Total length 11.7. Carapace 3.85 long, 2.91
wide. Eye diameters: AME 0.16, PME 0.14, PLE 0.12. Colouration as in male. Meas-
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urements of legs: I: 10.60 (2.87, 1.75, 2.62, 2.73, 0.63), 1I: 11.38 (3.24, 1.86, 3.04,
2.81, 0.43), I1I: 8.27 (2.46, 1.27, 1.60, 2.32, 0.62), [V: 10.86 (3.07, 1.50, 2.36, 3.16,
0.77). Spination: I: Fe: 3pl. II: Fe: 3pl. I1I: Fe: 1d, 1pl; Ti: 6pl, 211, 5v; Mt: 2d, 4pl, 21l,
3v. IV: Fe: 7d; Ti: 2pl, 211, 8v; Mt: 2d, 4pl, 5v.

Endogyne as in Fig. 20A, B; length/width ratio ca. 2; receptacle slightly arched,
ca. 4.7x longer than wide, anterior angles indistinct; dorsal arch semi-oval, its poste-
rior margin 1.5x longer than anterior; transverse bar 1.5x longer than receptacle and
approximately as wide, slightly arched, lateral edges longer than wide; posterior diver-
ticulum rounded.

Distribution. Known only from the listed localities in Tehran Province, northern

Iran (Fig. 35).

Dysdera verkana sp. nov.
https://zoobank.org/2E18F484-6E0E-4296-B253-285A0E98E268
Figs 21A-C, 22A-D

Type material. Holotype & (ZMUT), Iran: Golestan Province: Azadshahr County,
Khosh Yeylaqg, 36°49'N, 55°20'E, 15.06.2016 (D. Kasatkin).

Etymology. The specific epithet is a noun in apposition, referring to an Old Per-
sian word for the Gorgan region, meaning “land of wolves”.

Diagnosis. The male of the new species is most similar to that of D. sagartia sp.
nov., but differs by the more rounded median crest, the posterior apophysis not bent
on right angle (cf. Fig. 22A and Fig. 19A), and the relatively longer psembolus (i.e.,
length of psembolus/length of tegulum = 1.66 in D. verkana sp. nov., vs. 1.44 in
D. sagartia sp. nov.).

Description. Male. Habitus as in Fig. 21A—C. Total length 10.8. Carapace 5.65
long, 4.26 wide. Eye diameters: AME 0.24, PME 0.23, PLE 0.21. Carapace, ster-
num, chelicerae, labium, and maxillae reddish brown. Legs orange. Abdomen cream-
coloured, without any pattern. Spinnerets uniformly dark yellowish. Measurements of
legs: I: 13.04 (3.90, 2.23, 3.10, 3.06, 0.75), II: 11.76 (3.39, 1.98, 2.91, 2.71, 0.77),
III: 8.56 (2.64, 1.26, 1.69, 2.33, 0.64), IV: 11.46 (3.32, 1.76, 2.48, 3.20, 0.70). Spi-
nation: I: Fe: 2pl. II: Fe: 1pl. III: Fe: 1d, 2pl; Ti: 4pl, 2rl, 5v; Mt: 3pl, 21l, 6v. IV: Fe:
6d, 1pl; Ti: 4pl, 4rl, 5v; Mt: 4pl, 21l, 6v.

Palp as in Fig. 22A-D; bulb ca. 2.2x longer than wide; tegulum bell-shaped, al-
most as long as wide; psembolus 1.66x longer than tegulum; median crest rounded, ca.
2.3x shorter than length of psembolus, ca. 2.7x wider than high; posterior apophysis
broad; incision between tegulum and psembolus present; retrolateral crest roundly
bent, forming right angle.

Female. Unknown.

Distribution. Known only from the type locality in Golestan Province, northern

Iran (Fig. 35).
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Figure 21. Male of Dysdera verkana sp. nov., habitus A dorsal view B ventral view C lateral view. Scale
bars: 1.0 mm.

crocata species group

Diagnosis. This group can be diagnosed by a combination of the following characters:
the chelicerae straight or anteriorly convergent and longer than half of the length of
the carapace, carapace broad and flat, and bulb with small or no lateral projection
(Deeleman-Reinhold and Deeleman 1988).
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Figure 22. Male of Dysdera verkana sp. nov., bulb A retrolateral view B prolateral view € anterior view
D posterior view. Scale bars: 0.25 mm.
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Dysdera xerxesi sp. nov.
https://zoobank.org/84EDB4F0-007B-445B-A76D-C163B290ADFF
Figs 23A-C, 24A-D

Type material. Holotype & (ZMUT), Iran: Bushehr Province: Asaluyeh, 27°20'N,
52°49'E, 27.01.2016 (A. Zamani).

Etymology. The new species is named after Xerxes I, the fourth King of Kings of
the Achaemenid Empire, ruling from 486 to 465 BC; adjective.

Diagnosis. The new species differs from all of its congeners occurring in the region
by having a stylus (52), rounded median crest (Mc) and wide posterior apophysis (Ap);
none of the other species has a rounded median crest, and those with a stylus, have a
small posterior apophysis.

Description. Male. Habitus as in Fig. 23A—C. Total length 4.02. Carapace 2.14
long, 1.60 wide. Eye diameters: AME 0.11, PME 0.09, PLE 0.08. Carapace, sternum,
chelicerae, labium, and maxillae reddish brown. Legs missing. Abdomen cream-col-
oured, without any pattern. Spinnerets uniformly cream-coloured.

C

Figure 23. Male of Dysdera xerxesi sp. nov., habitus A dorsal view B ventral view C lateral view. Scale

bars: 1.0 mm.
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Figure 24. Male of Dysdera xerxesi sp. nov., bulb A retrolateral view B prolateral view € anterior view
D posterior view. Scale bars: 0.25 mm. Abbreviations: Ap — posterior apophysis, Mc — median crest,
Re — retrolateral crest, St — stylus.
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Palp as in Fig. 24A—D; bulb ca. 2.3x longer than wide; tegulum bell-shaped, almost
as long as wide; psembolus 1.48x longer than tegulum; median crest (Mc) rounded, ca.
3.45x shorter than length of psembolus, ca. 2.3x wider than high; posterior apophysis
(Ap) broad and hook-shaped; incision between tegulum and psembolus absent; retrolat-
eral crest (Rc) gradually rounded; stylus (S7) membranous and shorter than median crest.

Female. Unknown.

Distribution. Known only from the type locality in Bushehr Province, southern

Iran (Fig. 35).

longirostris species group

Diagnosis. This group can be diagnosed by a combination of the following characters:
cheliceral fang as long as the basal segment, carapace broad, flat and anteriorly conver-
gent, and bulb with lateral projection smaller than the apex (Deeleman-Reinhold and
Deeleman 1988).

Dysdera damavandica sp. nov.
https://zoobank.org/4A417CC6-E9AD-4FA8-B3AD-750B3BB3184B
Figs 25A-C, 26A-D

Type material. Holotype & (ZMUT), Iran: Mazandaran Province: Polur, surround-
ings of Mount Damavand, 35°50'N, 52°03'E, 10.2015 (A. Zamani).

Etymology. The specific epithet is an adjective, referring to the type locality of
the species.

Diagnosis. The male of the new species is most similar to that of D. concinna L.
Koch, 1878 from Azerbaijan, but differs by longer bulb (i.e., bulb length/tegulum
width =3.1, vs. 2.7), relatively shorter median crest, and longer stylus (cf. Fig. 26A and
Dunin 1982: fig. B). Dysdera damavandica sp. nov. is also similar to D. tapuria sp. nov.
but differs by the median crest higher than wide (vs. wider than high), relatively longer
stylus (cf. Fig. 26A and Fig. 30A) and posterior apophysis located at distal half of the
bulb (vs. located at mid-part).

Description. Male. Habitus as in Fig. 25A—C. Total length 10.40. Carapace 5.53
long, 4.12 wide. Eye diameters: AME 0.18, PME 0.19, PLE 0.23. Carapace, sternum,
chelicerae, labium, and maxillae reddish brown. Legs dark orange. Abdomen greyish,
without any pattern. Spinnerets uniformly greyish. Measurements of legs: I: 15.64 (4.51,
2.54, 4.12, 3.56, 0.91), 1I: 15.12 (4.16, 2.67, 3.73, 3.69, 0.87), III: 10.91 (3.21, 1.73,
2.22,3.01, 0.74), IV: 13.75 (3.82, 2.02, 3.13, 3.94, 0.84). Spination: I: Fe: 2pl. II: Fe:
2pl. III: Fe: 1pl; Ti: 4pl, 21l, 5v; Mt: 3pl, 211, 3v. IV: Fe: 7d; Ti: 2pl, 31, 5v; Mt: 4pl, 31l, 5v.

Palp as in Fig. 26A-D; bulb ca. 3.1x longer than wide; tegulum bell-shaped, almost
as long as wide; psembolus 2.77x longer than tegulum; median crest (Mc) triangular,
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Figure 25. Male of Dysdera damavandica sp. nov., habitus A dorsal view B ventral view C lateral view.
Scale bars: 1.0 mm.
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Figure 26. Male of Dysdera damavandica sp. nov., bulb A retrolateral view B prolateral view € anterior

view D posterior view. Scale bars: 0.25 mm. Abbreviations: Ap — posterior apophysis, Mc — median crest,
Re — retrolateral crest, Sz — stylus.

ca. 6.65x shorter than length of psembolus, higher than wide; posterior apophysis (4p)
rounded; incision between tegulum and psembolus present; retrolateral crest almost
straight; stylus (57) straight, longer than median crest.
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Female. Unknown.
Distribution. Known only from the type locality in Mazandaran Province, north-
ern Iran (Fig. 35).

Dysdera medes sp. nov.
https://zoobank.org/ED370972-D544-4411-A52E-4599D12E3850
Figs 27A-C, 28A-D

Type material. Holotype & (ZMUT), Iran: Tehran Province: Tehran, 35°43'N,
51°24'E, 1994 (A. Savoji).

Etymology. The specific epithet is a noun in apposition, referring to an ancient Ira-
nian people who inhabited an area known as Media between western and northern Iran.

Diagnosis. The male of the new species is similar to that of D. granulara Kulczyniski,
1897 from Italy and the Balkan Peninsula, but differs by the shape of the tegulum (i.e.,
almost as wide as long, vs. 1.5x longer than wide), and by thinner psembolus (as wide
as tegulum, vs. wider than tegulum). The male of D. medes sp. nov. differs from those
of its congeners occurring in Iran by the very long median crest (i.e., longer than
half of psembolus, vs. shorter), abrupt tip of psembolus in ventral and dorsal views
(Fig. 28C, D) (vs. not abrupt), and posterior apophysis with two teeth (vs. one).

Description. Male. Habitus as in Fig. 27A—C. Total length 10.0. Carapace 4.19
long, 3.17 wide. Eye diameters: AME 0.14, PME 0.14, PLE 0.14. Carapace, sternum,
chelicerae, labium, and maxillae reddish brown. Legs orange. Abdomen greyish, with-
out any pattern. Spinnerets uniformly dark yellowish. Measurements of legs: I: 12.33
(3.54,2.03, 2.89, 3.00, 0.87), II: 13.50 (3.80, 2.40, 3.12, 3.29, 0.89), II1: 9.99 (2.95,
1.59, 1.86, 2.69, 0.90), IV: 12.31 (3.73, 1.80, 2.46, 3.30, 1.02). Spination: I, II: no
spines. I1I: Ti: 4pl, 21l, 5v; Mt: 6pl, 3rl, 2v. IV: Fe: 7d; Ti: 7pl, 4rl, 8v; Mt: 7pl, 3tl, 4v.

Palp as in Fig. 28A-D; bulb ca. 2.8x longer than wide; tegulum bell-shaped, al-
most as long as wide; psembolus 1.9x longer than tegulum; median crest rounded, ca.
2.42x shorter than length of psembolus, ca. 5.3x wider than high; posterior apophysis
claw-shaped, with 2 teeth (Fig. 28B, D); incision between tegulum and psembolus
absent; retrolateral crest almost straight.

Female. Unknown.

Distribution. Known only from the type locality in Tehran Province, northern

Iran (Fig. 35).

Dysdera tapuria sp. nov.
https://zoobank.org/67653B32-6BID-494E-8921-C4AD8CEDBE70B
Figs 29A-F, 30A-D, 31A-D

Type material. Holotype 4 (MMUE), Iran: Mazandaran Province: Tooban,
Khorram-Abad, 36°43'N, 50°48'E, 8-10.06.2000 (Y.M. Marusik). Paratypes: 19
(MMUE), same data as the holotype; 14 (MHNG), Chorteh, 36°49'N, 50°38'E,
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Figure 27. Male of Dysdera medes sp. nov., habitus A dorsal view B ventral view C lateral view. Scale
bars: 1.0 mm.

1300 m, 5.08.1974 (A. Senglet); 14 (MHNG), Chorteh, 36°49'N, 50°38'E, 1300 m,
8.07.1973 (A. Senglet).
Etymology. The specific epithet is a noun in apposition, referring to the term ap-
plied to a mountainous region located in the Caspian coast of northern Iran.
Diagnosis. The male of the new species is most similar to that of D. concinna,
but differs by longer bulb (i.e., bulb length/tegulum width = 3.1, vs. 2.7), median
crest wider than high (vs. higher than wide), and shorter stylus (cf. Fig. 30B and



A survey of Dysdera of Iran 77

Figure 28. Male of Dysdera medes sp. nov., bulb A retrolateral view B prolateral view € anterior view

D posterior view. Scale bars: 0.25 mm.
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Figure 29. Male (A-C) and female (D-F) of Dysdera tapuria sp. nov., habitus A, D dorsal view

B, E ventral view C, F lateral view. Scale bars: 1.0 mm.

Dunin 1982: fig. B). The male of D. tapuria sp. nov. is also similar to that of D. dama-
vandica sp. nov., but differs by the median crest wider than high (vs. higher than wide)
and relatively shorter stylus (cf. Fig. 30A and Fig. 26A). The female of this species dif-
fers from those of its congeners occurring in the region by the very wide lateral edges
of the receptacle (i.e., approximately half of the receptacle’s width, vs. less than half).

Description. Male (Holotype). Habitus as in Fig. 29A-C. Total length 9.55.
Carapace 3.76 long, 2.86 wide. Eye diameters: AME 0.14, PME 0.13, PLE 0.13.
Carapace, sternum, chelicerae, labium, and maxillae reddish brown. Legs orange. Ab-
domen cream-coloured, without any pattern. Spinnerets uniformly dark yellowish.
Measurements of legs: I: 14.04 (4.16, 2.14, 3.65, 3.24, 0.85), 1I: 12.72 (3.79, 2.08,
3.00, 3.11, 0.74), III: 10.01 (2.93, 1.44, 2.14, 2.77, 0.73), IV: 11.90 (3.72, 1.48,
2.73,3.19, 0.78). Spination: I: Fe: 2pl. II: Fe: 1pl. III: Ti: 5pl, 3rl, 1v; Mt: 5pl, 21, 3v.
IV: Fe: 8d, 11l; Pa: 1pl; Ti: 5pl, 3tl, 6v; Me: 6pl, 21l, 5v.

Palp as in Fig. 30A—D; bulb ca. 3.1x longer than wide; tegulum bell-shaped, al-
most as long as wide; psembolus 1.8x longer than tegulum; median crest triangular,
ca. 7x shorter than length of psembolus, ca. 2.5x wider than high; posterior apo-
physis claw-shaped; incision between tegulum and psembolus present; retrolateral
crest roundly bent in proximal part and almost straight distally; stylus straight, as
long as median crest.
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Figure 30. Male of Dysdera tapuria sp. nov., bulb A retrolateral view B prolateral view € anterior view
D posterior view. Scale bars: 0.25 mm.
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Figure 31. Female of Dysdera tapuria sp. nov., endogyne A ventral view B=D dorsal view. Scale bars:

0.25 mm. Abbreviations: Az — anterior angle, Dz — dorsal arch, Le — lateral edge, Pd — posterior diverticu-
lum, Re — receptacle, 76 — transverse bar.

Female. Habitus as in Fig. 29D-FE Total length 18.1. Carapace 7.77 long, 6.01
wide. Eye diameters: AME 0.30, PME 0.30, PLE 0.34. Colouration as in male. Meas-
urements of legs: I: 14.24 (3.99, 2.54, 3.62, 3.44, 0.65), 1I: 13.46 (4.31, 2.10, 3.22,
3.06, 0.77), 11I: 10.20 (2.96, 1.70, 1.97, 2.75, 0.82), IV: 13.08 (3.99, 1.72, 2.85,
3.62, 0.90). Spination: I: Fe: 2pl. II: Fe: 2pl. III: Fe: 1pl; Ti: 2pl, 2rl, 4v; Mt 3pl, 41l,
5v. IV: Fe: 3d; Ti: 2pl, 211, 6v; Mt: 5pl, 4rl, 5v.

Endogyne as in Fig. 31A-D; length/width ratio ca. 3; receptacle (Re) with shallow
median concavity, ca. 4.5x longer than wide, anterior angles (A2) indistinct; dorsal
arch (Da) trapezoidal, posterior margin ca. 1.6x longer than anterior, anterior an-
gles rounded; transverse bar (7%) almost 2x longer and slightly wider than receptacle;
transverse bar’s anterior margin straight, posterior margin arched; lateral edges (Le)
very wide, directed latero-posteriorly; posterior diverticulum (P4) rounded.

Distribution. Known only from the listed localities in Mazandaran Province,
northern Iran (Fig. 35).
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ninnii species group

Diagnosis. This group can be diagnosed by a combination of the following characters:
chelicerae shorter than the width of carapace, carapace relatively short with anteriorly
converging lateral margins, and bulb with simple crest, simple apex bearing a long
subapical tooth, and a crescent-shaped lateral projection (Deeleman-Reinhold and
Deeleman 1988).

Dysdera genoensis sp. nov.
https://zoobank.org/0BOCBC7E-F121-4D54-BC35-364827CB6ECC
Figs 32A-F, 33A-F, 34A, B

Type material. Holotype 5 (ZMUT), Iran: Hormozgan Province: Geno Biosphere
Reserve, 27°22'N, 56°07'E, 02.2020 (A. Zamani). Paratypes: 39 (ZMUT), same data
as the holotype.

Etymology. The specific epithet is an adjective, referring to the type locality of

the species.

D

C

F

Figure 32. Male (A-C) and female (D-=F) of Dysdera genoensis sp. nov., habitus A, D dorsal view

B, E ventral view C, F lateral view. Scale bars: 1.0 mm.
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Figure 33. Male of Dysdera genoensis sp. nov., bulb A proanterior view B anterior view € prolateral view
D retroposterior view E posterior view F retrolateral view. Scale bars: 0.25 mm. Abbreviations: Ap — pos-

terior apophysis, Lz — laminae, Mc — median crest, St — stylus, 70 — triangular outgrowth.

Figure 34. Female of Dysdera genoensis sp. nov., endogyne A ventral view B dorsal view. Scale bars:
0.25 mm. Abbreviations: Az — anterior angle, Da — dorsal arch, Le — lateral edge, Pd — posterior diverticu-

lum, Re — receptacle, 75 — transverse bar.
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Figure 35. Distribution records of Dysdera spp. in Iran | D. achaemenes sp. nov. 2 D. bakhtiari sp. nov.
3 D. hormuzensis sp. nov. 4 D. iranica sp. nov. 5 D. isfahanica sp. nov. 6 D. mazeruni sp. nov. T D. persica
sp. nov. 8 D. pococki 9 D. sagartia sp. nov. and D. medes sp. nov. 10 D. verkana sp. nov. || D. xerxesi sp.
nov. 12 D. damavandica sp. nov. 13 D. mapuria sp. nov. 14 D. genoensis sp. nov.

Diagnosis. The male of the new species differs from those of its congeners by having
weakly sclerotized bent stylus (57) (Fig. 32C, F) (vs. stylus, if present, not bent). The fe-
male of this species is very similar to that of D. iranica sp. nov. by having a wide receptacle
(i.e., > 2x wider than transverse bar), but differs by the relatively wider receptacle lacking
an anterior triangular projection, and the presence of a median concavity on the trans-
verse bar (vs. receptacle with triangular projection, transverse bar without concavity).

Description. Male (Holotype). Habitus as in Fig. 32A-C. Total length 5.49.
Carapace 2.42 long, 1.88 wide. Eye diameters: AME 0.15, PME 0.13, PLE 0.11.
Carapace, sternum, chelicerae, labium, and maxillae pale reddish. Legs orange. Ab-
domen cream-coloured, without any pattern. Spinnerets uniformly cream-coloured.
Measurements of legs: I: 11.78 (3.23, 1.90, 2.87, 3.02, 0.76), 1I: 10.21 (2.91, 1.60,
2.52,2.45,0.73), I111: 7.98 (2.31, 1.15, 1.65, 2.29, 0.58), IV: 10.30 (2.89, 1.44, 2.28,
2.96, 0.73). Spination: I: Fe: 2pl. II: Fe: 1pl. I1I: Fe: 1pl; Ti: 3pl, 2v; Mt: 3pl, 4rl, 3v.
IV: Fe: 4d; Pa: 1pl; Ti: 3pl, 11l, 4v; Me: 1pl, 11, 3v.
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Palp as in Fig. 33A—F; bulb ca. 2.3x longer than wide; tegulum bell-shaped, almost
as long as wide; psembolus as long as tegulum, length/width ratio ca. 1.25; median
crest (Mc) triangular; apex with two triangular laminae (La); posterior apophysis (4p)
claw-shaped, accompanied by a triangular outgrowth (70) anteriorly; incision between
tegulum and psembolus absent; stylus (57) bent, long, and weakly sclerotized.

Female. Habitus as in Fig. 32D-FE Total length 6.52. Carapace 2.06 long, 1.59
wide. Eye diameters: AME 0.11, PME 0.11, PLE 0.10. Colouration as in male. Meas-
urements of legs: I: 7.71 (1.93, 1.37,2.01, 1.88, 0.52), I1: 7.31 (1.99, 1.26, 1.77, 1.74,
0.55), I1I: 5.84 (1.58, 0.92, 1.19, 1.65, 0.50), IV: 7.77 (2.19, 1.21, 1.79, 2.04, 0.54).
Spination: I: Fe: 2pl. II: Fe: 2pl. III: Fe: 1pl; Ti: 2pl, 1rl, 5v; Mt: 5pl, 21l. IV: Fe: 5d,
Lrl; Pa: 1rl, 1v; Ti: 5pl, 1rl, 5v; Mt: 4pl, 21l, 3v.

Endogyne as in Fig. 34A, B; length/width ratio ca. 2; receptacle (Re) inverted trap-
ezoidal, anterior margin 1.4x longer than posterior; dorsal arch (Da) trapezoidal, pos-
terior margin 1.6x longer than anterior margin, 1.25x% longer than receptacle; anterior
margin of transverse bar (7%) with median concavity, posterior margin arched; lateral
edges (Le) small, approximately as long as wide; posterior diverticulum (2) bilobed.

Distribution. Known only from the type locality in Hormozgan Province, south-
ern Iran (Fig. 35).

Discussion

Considering the results of this paper, there are 17 species of three genera of Dysde-
ridae known from Iran. This number is considerably lower than what is known for
the neighbouring Turkey (i.e., 69 species in seven genera; Danisman et al. 2022)
and the Caucasus (i.e., 65 species in seven genera; Otto 2022). The material treated
here, although comprising a relatively large number of new species, were collected in
a few localities primarily in northern parts of the country (Fig. 35). Considering the
small distribution ranges of most dysderids and the presence of several mountainous
regions and biodiversity hotspots in Iran (e.g., Alborz and Zagros mountain ranges;
Farashi and Shariati 2017), it can be assumed that any new material from this region
could potentially comprise further undescribed species. It is possible that the true
diversity of Dysderidae in Iran could range between 40 to 60 species, if not higher;
interestingly, the widespread and cosmopolitan D. crocata has not yet been recorded
from this country.

Furthermore, the diversity of Dysderidae in Central Asia is relatively low (i.e., 21
species of three genera; Mikhailov 2022). Most of the species (18) belong to Dysdera,
and Dysderella and Harpactea are known only from western Turkmenistan (Dunin
1992; Zamani et al. 2017). The eastern boundary of the family is westernmost Xin-
jiang, and it appears that their diversity gradually decreases east of the Caucasus
(Fomichev and Marusik 2021).
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Abstract

A new species of Liotyphlops Peters, 1881, Liotyphlops palauophis sp. nov., is described from the neighbor-
hoods of Bogota, Colombia from a previous syntype of L. anops, and a lectotype is designated for the latter
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the lectotype of L. anops, and the holotype of L. ternetzii. Additionally, extensive study of skull characters
and external morphology failed to find diagnostic characters to differentiate L. beui and L. ternetzii, and
the former is here considered a junior synonym of L. ternetzii, which is also redescribed.
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Introduction

The genus Liotyphlops Peters, 1881 is a group of small, cryptozoic blindsnakes, dis-
tributed in the Neotropics, from Costa Rica to Argentina. Liotyphlops is currently
composed of 13 species (Santos and Reis 2018; Boundy 2021; Linares-Vargas et al.
2021): Liotyphlops albirostris (Peters, 1858); L. anops (Cope, 1899); L. argaleus Dixon
& Kofron, 1984; L. beui (Amaral, 1924); L. bondensis (Grifin, 1916); L. caissara Cen-
teno, Sawaya & Germano, 2010; L. haadi Silva-Haad, Franco & Maldonado, 2008;
L. schubarti Vanzolini, 1948; L. sousai Santos & Reis, 2018, L. raylori Santos & Reis,
2018, L. ternetzii (Boulenger, 18906); L. trefauti Freire, Caramaschi & Argdlo, 2007,
and L. wilderi (Garman, 1883). Brazil has the greatest diversity of Liotyphlops snakes,
with eight valid species. In recent years, the description of new species of Anomalepidi-
dae have been restricted to the genus Liotyphlops (Freire et al. 2007; Haad et al. 2008;
Centeno et al. 2010; Santos and Reis 2018) and revalidations of supposed synonyms
of L. albirostris (Linares-Vargas et al. 2021). In the present study, an additional new
species of Liotyphlops is described from Colombia.

Helminthophis anops was described by Cope (1899) based on two specimens; he
wrote: “The collection which furnishes the basis of the investigation presented in the
following pages was made in Colombia, near Bogota, for the World’s Exposition of
Chicago, where it was exhibited in the department of New Granada. The number of
species is fifty-four, of which nine are new to science. I have not been able to ascer-
tain the exact localities at which the specimens were obtained, but most of them, it is
believed, were found in the neighborhood of Bogota” (Cope 1899: 3). Subsequently,
Dunn (1944) transferred H. anops to Liotyphlops, also in Anomalepididae. Cope (1899:
10-11) also wrote: “This species has a tendency to subdivision of scales. In one of the
two specimens the frontal is divided into two regular scales, and in another the lower
extremity of the first labial is cut off on one side”. The holotype of the new species de-
scribed here (AMNH R-9550) is one of the two syntypes of H. anops and distinct from
the other syntype (AMNH R-17540) in possessing, among other diagnostic charac-
ters, the frontal scale divided (vs single), and a central foramen in the parabasisphenoid
(vs foramen absent). The other syntype (AMNH R-17540) is consistent with the spe-
cies currently identified in Colombia as L. anops.

Taxonomic changes over the past century have also included two other spe-
cies of Liotyphlops: L. beui and L. ternetzii. The original description of L. ternetz-
ii, by Boulenger (1896, as Helminthophis ternetzii) was based on a single speci-
men from “Paraguay” (holotype BMNH 1946.1.11.77). Later, Smith and Grant
(1958) recognized Liotyphlops as a genus distinct from Helminthophis, highlighting
as a diagnostic character the separation of prefrontal scales in Liotyphlops, while
in Helmintophis the prefrontal scales are widely in contact. They transferred Bou-
lenger’s species to Liotyphlops. Boulenger (1896: 584) characterized this species as:
“rostral two fifths the width of the head, extending nearly to the level of the eyes,
forming a broad, straight suture with the frontal, which is about twice as broad as
long; eye scarcely distinguishable through the ocular; two superposed preoculars
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and a subocular; four upper labials, first largest, second and third in contact with
the lower preocular, third and fourth in contact with the subocular. Diameter of
body 52 times in total length; tail nearly twice as long as broad, ending in a spine.
22 scales round the body. Olive above and beneath; head and anal region yellowish.
Total length 335 mm.”

Liotyphlops beui was originally described by Amaral (1924), as Helminthophis beui
from Butantan, Sao Paulo, Brazil (holotype IB 1806 and paratypes IB 281, IB 282,
IB 652, and IB 1041). Amaral (1924: 29) characterized his new species as: “snout
acutely rounded; rostral about two fifths the width of the head, not extending pos-
teriorly to the vertical plane of the eyes, rounded posteriorly and forming a narrow
suture with the frontal; frontal only about three times as wide as long; one subocular;
two preoculars; eye under the suture between the ocular and lower preocular; four up-
per labials, 1* largest, 2™ and 3" in contact with the subocular, which separates them
from the lower preocular; prefrontal separated from the 2™ labial by the lower preoc-
ular, nasal and subocular. Tail more than twice as long as broad, ending in a spine. 22
scale rows around the body. Dark brown to blackish brown; head, as well as anal re-
gion and surroundings, light yellow; terminal spine yellowish. Total length, 290 mmy;
tail, 10 mm.” Only five years after the original description, H. beui was placed in the
synonymy of H. ternetzii by Amaral (1929) himself, but 55 years later Dixon and
Kofron (1984) believed the species was valid and removed it from the synonymy of
L. ternerzii based on the possession of 20 scale rows around the posterior body (22
in L. ternetzii) and fewer dorsal scales, 384-455 (vs 463-510 in L. ternetzii). Despite
some authors maintaining L. beui as synonym of L. ternetzii (e.g., Peters et al. 1986),
most subsequent authors have followed Dixon and Kofron (1984) and treated L. beui
as a valid species (McDiarmid et al. 1999; Freire et al. 2007; Haad et al. 2008; Cen-
teno et al. 2010; Wallach et al. 2014; Santos and Reis 2018; Boundy 2021; Linares-
Vargas et al. 2021).

Here it is important to highlight the research of Dixon and Kofron (1984).
They observed that most of the characters utilized for described forms are variable
within populations, and occasionally the squamation is different on each side of
the head in an individual. Also, according to Dixon and Kofron (1984), the nasal
scale is divided and is variously called upper and lower nasals, preseminasals and
postseminasals, anterior nasals and postnasals, or just nasals; additionally, the lateral
and dorsomedian head scales are variously called subocular(s), preocular(s), ocular,
supraocular(s), frontal, and postfrontal(s). They explained that much depends upon
one’s concept of the position of the scales as to whether there are two suboculars
and one preocular, or two preocular and one subocular, or two supraoculars and one
preocular, or two preoculars and one supraocular, etc. Accordingly to Dixon and
Kofron (1984) the presence or absence of the division and/or fusion of scales on one
side of the head and not on the other has been largely ignored by most describers of
Liotyphlops species, which has, therefore, resulted in poor species concepts; the only
scales that appear to be consistently defined in all writings are the rostral, prefrontal,
and frontal scales.
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In this paper, the validity of L. beui is revisited and L. ternetzii is redescribed. A
new species of Liotyphlops is also described from the neighborhoods of Bogota, Co-
lombia, a lectotype is designated for L. anops, and that lectotype is also redescribed.
High-resolution x-ray computed tomography (HRXCT) was used to present data on
the skull of the holotype of L. fernetzii and the holotype of the new species.

Materials and methods

I adopted the definition of the Unified Species Concept (Queiroz 2007), in which spe-
cies are equated with independently evolving metapopulation lineages. In the absence
of autapomorphy for species, consistent morphological difference among separate pop-
ulations is used as a proxy for lineage independence. The study of external morphology
was conducted under a stereomicroscope. The terminology used for the head squama-
tion and scale counts follows Dixon and Kofron (1984) and Santos and Reis (2018).
Measurements were taken with digital calipers and are presented as percent of total
length (TL), except for subunits of the head, which are presented as percent of head
length (HL). The results of morphometric analyzes are presented in the description.
Specimens were not sexed and only adult specimens were examined (see Appendix
1). The photographs were obtained using a digital Nikon D5100 camera. For draw-
ing preparation, a Wacom Intuos Draw CTL490DW digital tablet was used with the
desktop digital stereomicroscope COSMOS LCD.

For the comparisons of Liotyphlops ternetzii and L. beui, the holotype of the former
and paratypes of the latter were used. In addition, 50 specimens of each of these two
species were measured and counted for the comparisons.

The head of the holotype of L. fernetzii and paratype of L. beui were studied
by high-resolution x-ray computed tomography (HRXCT) at the high-resolution
x-ray CT facility of the University of Texas at Austin using an Xradia microCT
Scanner, and the holotype of the new species of Liotyphlops was studied by HRXCT
at the high-resolution x-ray CT facility at Pontificia Universidade Catélica do Rio
Grande do Sul using a Skyscan 1173 microfocus x-ray CT. The datasets were ren-
dered in three dimensions using CTvox v. 3.2 (Bruker microCT, Inc., Billerica,
MA) for Windows.

The terminology used for bones follows Rieppel et al. (2009), Santos and Reis
(2018), and Santos and Reis (2019). The locality of the specimens was plotted us-
ing Google Earth Pro v. 7.3.2.5495, and the map was built with ArcMap (ArcGis) v.
10.4.1 for desktop using the WGS1984 geodetic datum. Geographical coordinates for
historical specimens with imprecise locality records were approximated using the best
evidence available and plotted with Google Earth. Only specimens actually examined
were used in the map. Institutional abbreviations of specimens examined follow Sabaj
(2020), with the addition of CEPB (Centro de Estudos e Pesquisas Bioldgicas da Pon-
tificia Universidade Catélica de Goids, Goiinia, Brazil).
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Results

Taxonomic account

Liotyphlops palauophis sp. nov.
https://zoobank.org/0CD30C35-2263-491C-BB62-2494019740C8
Figs 1-6, Table 1

Helminthophis anops Cope, 1899 (in part). Syntype of H. anops.

Type material. Holotype. AMNH R-9550, 361 mm TL, Colombia, neighborhood of
Bogota, 1899.

Diagnosis. Liotyphlops palanophis sp. nov. is distinguished from all other Liotyphlops
by having the frontal scale divided (vs single) and a central foramen in the parabasis-
phenoid (vs foramen absent). It is further distinguished from L. albirostris, L. argaleus,
L. bondensis, L. caissara, L. haadi, L. trefauti, and L. wilderi in having two scales (vs
one scale) contacting the posterior edge of the nasal between the second supralabial
and prefrontal. It is further distinguished from L. beui, L. schubarti, L. taylori, and
L. ternetzii by having four (vs three) scales contacting the posterior edge of the prefron-
tal. It is distinguished from L. anops by having 28/26/26 scales around the body and 19
subcaudal scales (vs 26/24/24 scales around the body and 12—14 subcaudal scales), and
from L. sousai in having 573 dorsal scales and 561 ventral scales (vs 439 dorsal scales
and 427 ventral scales).

Description. Meristic data in Table 1. Total length 361.2 mm, head length 5.3 mm
(1.5% TL), snout—vent length 353 mm (97.7% TL), tail length 8.2 mm (2.3% TL),
head width 3.8 mm (71.7% HL), and head height 3.1 mm (58.5% HL). Body covered
with cycloid scales. Rostral scale large, longer than wide, contacting nasals anterolater-
ally, prefrontals laterally, and divided frontal posteriorly. Pair of triangular prefrontals
bordered anterolaterally by rostral, ventrally by large divided nasal, and dorsoposteri-
orly by frontal. Posterior edge of prefrontals passing posterior edge of rostral. Frontal
scale divided. Nasal scale divided and bordered anteriorly by rostral, dorsally by pre-
frontal, ventrally by first and second supralabials, and posteriorly by two scales that lie
between prefrontal and second supralabial. Eye spot not visible. Four scales contacting
posterior edge of prefrontal (three cycloid scales + frontal). Two scales contacting pos-
terior edge of nasal between second supralabial and prefrontal. Six scales in first vertical
row of dorsal scales. Mental triangular, not divided, wider than long, contacting first
infralabials. Supralabials four, infralabials three. Scales around body 28/26/26. Dorsal
scales 573, vental scales 561, and subcaudal scales 19.

Description of skull. High-resolution x-ray computed tomography of skull
bones in Figs 3—5. Main body of premaxilla on ventral surface of snout. Maxilla—
premaxilla contact widely separated. Lateral maxillary foramina absent. Maxilla al-
veolar row oriented transversely. Nasal fused. Nasal-frontal boundary convex pos-
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Figure 1. Holotype of Liotyphlops palauophis sp. nov., AMNH R-9550, 361.2 mm TL, Colombia, neigh-
borhood of Bogota. Scale bar: 5 mm.

Table |. Meristic characters of species of Liotyphlops from the specimens examined in this study, present-
ed as ranges with minimum, maximum, and mode in parentheses. SPEP = number of scales contacting
posterior edge of prefrontal; SPEN = number of scales contacting posterior edge of nasal between second
supralabial and prefrontal; SFVRD = number of scales in the first vertical row of dorsals; SL = number of
supralabial scales; IL = number of infralabial scales; ASR = number of anterior scale rows around body;
MSR = number of scale rows around the midbody; PSR = number of posterior scale rows around body;
DSR = number of dorsal scale rows; VSR = number of ventral scales rows; SC = number of subcaudal
scales. n = number of specimens examined in this study. * = number of specimens examined by Santos
and Reis (2018). ® = number of specimens examined by Centeno et al. (2010). ¢ = number of specimens

examined by Freire et al. (2007). ¢ = number of specimens examined by Linares-Vargas et al. (2021).

Species/Count n SPEP SPEN SFVRD  SL IL ASR MSR PSR DSR VSR SC
L. albirostris* 6 3-3(3) 1-1(1) 5-5(5) 4-4(4) 3-3(3) 24-26(26) 22-22(22) 22-22(22) 432478 417453 12-17(12)
L. anops* 3 44(4) 2-202) 5-6(5 4-4(4) 3-3(3) 26-26(26) 24-24(24) 24-24(24)  562-597 531-572 12-14
L. argaleus* 1 4 1 4 4 3 25 23 22 497 472 16
L. beui* 50 3-3(3) 2-2(2) 5-6(5) 4—4(4) 3-3(3) 22-26(22) 20-22(22) 20-22(20) 366-532(453) 348-511(364) 11-22(12)
L. bondensist 17 3 1 4 4 3 24 22 22 363449 347434 11-17
L. caissara® 1 3 1 4 3 3 22 20 20 326 308 10
L. haadi® 2 3-33) 1-1(1) 4-4(4) 4-4(4) 3-3(3) 20-2020)  19-20 18-20 333-384 309-348 11-12
L. palauophis 1 4 2 6 4 3 28 26 26 573 561 19
L. schubarti® 5 3-303) 2-2(2) 5-5(5) 4-4(4) 3-3(3) 22-24(22) 20-22(20) 20-20(20)  417-463 398451 11-14(13)
L. sousai* 1 4 2 6 4 3 24 22 20 439 427 13
L. taylori* 1 3 2 5 4 2 22 20 20 455 441 14
L. ternetzii® 50 3-3(3) 2-2(2) 5-6(5) 4-4(4) 3-3(3) 22-26(22) 20-23(20) 20-22(20) 353-539(417) 341-514(381) 11-22(15)
L. trefauti© 2 4-4(4) 1-1(1) 5-5(5) 4—4(4) 4-4(4) 22-22(22) 22-22(22) 22-22(22)  520-543 499-531 8(8)

L. wilderi* 3 3-33) 1-1(1) 4-4(4) 444 3-303) 22-24(22) 22-22(22) 20-21(20) 385402 371-383  12-19(12)
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Figure 2. Dorsal (top), lateral (center), and ventral (bottom) views of the head of Liotyphlops palauophis
sp. nov., AMNH R-9550, holotype. Scale bar: 1 mm.
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Figure 3. Three-dimensional reconstruction of the skull of Liotyphlops palanophis sp. nov., AMNH
R-9550, holotype, based on HRXCT data. A lateral view B dorsal view € ventral view with lower
jaw partially digitally removed D anterior view E posterior view. Scale bar: 1 mm. Anatomical abbre-
viations: a: angular; bo: basioccipital; cb: compound bone; co: coronoid; d: dentary; ec: ectopterygoid;
en: external naris; f: frontal; fo: foramen; fv: fenestra vomeronasalis; m: maxilla; mf: mental foramen;
n: nasal; oc: occipital condyle; ooc: otico—occipital (fused prootic + opisthotic + exoccipital); p: parietal;
pa: palatine; pbs: parabasisphenoid; pe: postorbital element; pf: prefrontal; pg: pterygoid; pm: premax-
illa; q: quadrate; rp: retroarticular process; sf: surangular foramen; sm: septomaxilla; st: supratemporal;

so: supraoccipital; tf: trigeminal foramen; v: vomer; vf: vomerine foramen.
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Figure 4. Three-dimensional reconstruction of the skull of Liotyphlops palanophis sp. nov., AMNH
R-9550, holotype, based on HRXCT data. A transversal view B frontal view C sagittal view. Scale bar:
1 mm. Anatomical abbreviations: a: angular; an: acoustic nerve foramen; bo: basioccipital; cb: compound
bone; cbp: compound bone prearticular component; cbs: compound bone surangular component; ci: con-
chal invagination; co: coronoid; cv: cavum vestibuli; d: dentary; dp: descensus parietalis; ec: ectopterygoid;
en: external naris; £ frontal; fl: frontal laterally descending flange; fo: foramen; fpb: facial nerve palatine
branch foramen; fs: frontal subolfactory process; fv: fenestra vomeronasalis; m: maxilla; Mc: Meckel's canal;
mf: mental foramen; n: nasal; nl: nasal lateral flange; ns: medial nasal septum; oc: occipital condyle; on: op-
tic nerve foramen; ooc: otico—occipital (fused prootic + opisthotic + exoccipital); p: parietal; pa: palatine;
pbc: parabasal (Vidian) canal; pbs: parabasisphenoid; pe: postorbital element; pf: prefrontal; pg: ptery-
goid; pm: premaxilla; pvs: posterior vertical semicircular canal; q: quadrate; tp: retroarticular process;
rstm: recessus scalae tympani medial aperture; s: stapes; sf: surangular foramen; sm: septomaxilla; sml: sep-
tomaxilla lateral flange; st: supratemporal; so: supraoccipital; tf: trigeminal foramen; tre: trigeminofacialis
chamber; v: vomer; ve: vomeronasal cupola; vf: vomerine foramen; va: vomeronasal nerve passage.
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Figure 5. Three-dimensional reconstruction of the lower jaw of Liotyphlops palauaphis sp. nov., AMNH
R-9550, holotype, based on HRXCT data. A lateral view B medial view C dorsal view D ventral view
E anterior view F posterior view. Scale bar: 1 mm. Anatomical abbreviations: a: angular; arf: articular
fossa; cb: compound bone; cbp: compound bone prearticular component; ¢bs: compound bone suran-
gular component; co: coronoid; d: dentary; Mc: Meckel’s canal; mf: mental foramen; rp: retroarticular

process; sf: surangular foramen.
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Figure 6. Location of the holotype of Liotyphlops palanophis sp. nov. (black star), lectotype of Liotyphlops
anops (white dot), and specimens of L. anops examined in this study (green dot). ? = lack of detailed infor-
mation about the type locality of L. palauophis sp. nov. and L. anops. This locality is based on information
provided by Cope (1899).

teriorly in a shallow W-shaped suture. Prefrontal separated from nasal. Prefrontal
moveably articulated to frontal. Postorbital element present. Posterior orbital margin
incomplete. Frontals gradually tapering anteriorly. Frontal paired. Frontal—parietal
contact (dorsal aspect) mostly straight and transverse, median notch in frontals slight
at most. Parietal paired. Posterior border of parietal without median projection over
supraoccipital. Supratemporal present. Posteromedial flange of septomaxilla short, not
contacting frontal. Septomaxilla with lateral flange contributing to posterior border
of external naris. Fenestra for duct of Jacobson’s organ posteroventrally positioned.
Palatine not in contact with vomer, maxilla, or pterygoid. Central foramen present in
parabasisphenoid. Ectopterygoid present. Supraoccipital present and single not partic-
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ipating in internal sidewall of neurocranium. External surface (dorsoposterior) of su-
praoccipital without transverse ridge. Supraoccipital-prootic contact narrow, less than
half supraoccipital—parietal contact. Splenial not present as discrete element. Coronoid
and angular separated by prearticular portion of compound bone. Retroarticular pro-
cess long, longer than articular facet. Teeth present in maxilla, but lacking in dentary,
premaxilla, palatine, and pterygoid.

Coloration in alcohol. Dorsal and ventral body pale cream with brown pigmenta-
tion points along dorsal region of body.

Distribution. Known only from the type locality in the neighborhood of Bogota,
Colombia (Fig. 6), according to the information provided by Cope (1899).

Etymology. The species name is in honor of Alfredo Palau Pefia (June 10, 1969—
August 8, 2020), a Brazilian herpetologist and my friend, who was killed by the COV-
ID-19 virus. A combination of his name Palau and the Greek ophis, meaning snake.

Liotyphlops anops (Cope, 1899)
Figs 6-10, Table 1

Helminthophis anops Cope, 1899: 10, pl. 4 fig. la—f. Type locality: “New Grenada”,
Colombia. According to McDiarmid et al. (1999), Dunn (1944: 48) listed the
type locality as “near Bogota”. The latter was the specific locality mentioned on the
first page of Cope’s (1899: 3) posthumous publication and the source of much of
the material.

Liotyphlops anopsDunn 1944: 48.

Liotyphlops metae—Dunn 1944: 49, figs 3, 4. Holotype: MLS 8. Type locality: “Villavi-
cencio, Meta [Colombia], 498 meters”. Placed in synonymy by Dixon and Kofron
(1984: 259).

Type material. Lectotype. AMNH R-17540, at least 200 mm TL (estimated from Fig.
7; specimen broken); type locality: Colombia, neighborhood of Bogota. Lectotype by
present designation.

Diagnosis. Liotyphlops anops is distinguished from L. albirostris, L. beui,
L. bondensis, L. caissara, L. haadi, L. schubarti, L. taylori, L. ternetzii, and L. wilderi in
having four (vs three) scales contacting the posterior edge of the prefrontal. It is further
distinguished from L. argaleus and L. trefauti in having two scales (vs one scale) con-
tacting the posterior edge of the nasal between the second supralabial and the prefron-
tal. It is distinguished from L. palauophis sp. nov. in having the frontal scale single and
26/24/24 scales around the body (vs frontal scale divided and 28/26/26 scales around
the body, and from L. sousai in having 562—597 dorsal scales and 531-572 ventral
scales (vs 439 dorsal scales and 427 ventral scales).

Redescription. Meristic data in Table 1. Total length 186.2-337.7 mm, head
length 3.2-4.4 mm (1.3-1.7% TL), snout—vent length 184-332 mm (98.3-98.8%
TL), tail length 2.2-5.7 mm (1.2-1.7% TL), head width 2.5-3.7 mm (78.1-
85.7% HL), and head height 1.8-2.8 mm (56.2-63.6% HL). Body covered with
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Figure 7. Lectotype of Liotyphlops anops, AMNH R-17540, approximately 200 mm TL, Colombia,
neighborhood of Bogota. Scale bar: 10 mm.

cycloid scales. Rostral large, longer than wide, contacting nasals anterolaterally,
prefrontals laterally, and single frontal posteriorly. Pair of triangular prefron-
tals, bordered anterolaterally by rostral, ventrally by large divided nasal, and dor-
soposteriorly by frontal. Posterior edge of prefrontals passing posterior edge of
rostral. Divided nasal scale bordered anteriorly by rostral, dorsally by prefrontal,
ventrally by first and second supralabials, and posteriorly by two scales that lie between
prefrontal and second supralabial. Eye spot poorly visible. Four scales contacting pos-
terior edge of prefrontal (three cycloid scales + frontal). Two scales contacting posterior
edge of nasal between second supralabial and prefrontal. Five or six scales in first verti-
cal row of dorsal scales. Mental triangular, not divided, wider than long, contacting
first infralabials. Supralabials four, infralabials three. Scales around body 26/24/24.
Dorsal scales 562—-597, ventral scales 531-572, and subcaudal scales 12—14.
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Figure 8. Three-dimensional reconstruction of the skull of Liotyphlops anops, MCZ R-67936, based on
HRXCT data. A lateral view B dorsal view € ventral view with lower jaw partially digitally removed D anteri-
or view E posterior view. Scale bar: 1 mm. Anatomical abbreviations: a: angular; bo: basioccipital; cb: com-
pound bone; co: coronoid; d: dentary; ec: ectopterygoid; en: external naris; f: frontal; fo: foramen; fv: fenestra
vomeronasalis; m: maxilla; mf: mental foramen; n: nasal; oc: occipital condyle; ooc: otico-occipital (fused
prootic + opisthotic + exoccipital); p: parietal; pa: palatine; pbs: parabasisphenoid; pe: postorbital element;
pf: prefrontal; pg: pterygoid; pm: premaxilla; q: quadrate; rp: retroarticular process; sf: surangular foramen;
sm: septomaxilla; st: supratemporal; so: supraoccipital; tf: trigeminal foramen; v: vomer; v£: vomerine foramen.
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Figure 9. Three-dimensional reconstruction of the skull of Liotyphlops anops, MCZ R-67936, based on
HRXCT data. A transversal view B frontal view C sagittal view. Scale bar: 1 mm. Anatomical abbre-
viations: a: angular; an: acoustic nerve foramen; bo: basioccipital; ¢b: compound bone; ¢bp: compound
bone prearticular component; cbs: compound bone surangular component; ci: conchal invagination;
co: coronoid; cv: cavum vestibuli; d: dentary; dp: descensus parietalis; ec: ectopterygoid; en: external naris;
f: frontal; fl: frontal laterally descending flange; fo: foramen; fpb: facial nerve palatine branch foramen;
fs: frontal subolfactory process; fv: fenestra vomeronasalis; m: maxilla; Mc: Meckel’s canal; mf: mental fo-
ramen; n: nasal; nl: nasal lateral flange; ns: medial nasal septum; oc: occipital condyle; on: optic nerve fora-
men; ooc: otico-occipital (fused prootic + opisthotic + exoccipital); p: parietal; pa: palatine; pbc: parabasal
(Vidian) canal; pbs: parabasisphenoid; pe: postorbital element; pf: prefrontal; pg: pterygoid; pm: premax-
illa; pvs: posterior vertical semicircular canal; q: quadrate; rp: retroarticular process; rstm: recessus sca-
lae tympani medial aperture; s: stapes; sf: surangular foramen; sm: septomaxilla; sml: septomaxilla lat-
eral flange; st: supratemporal; so: supraoccipital; tf: trigeminal foramen; tre: trigeminofacialis chamber;
v: vomer; vc: vomeronasal cupola; vf: vomerine foramen; vn: vomeronasal nerve passage.
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Figure 10. Three-dimensional reconstruction of the lower jaw of Liotyphlops anops, MCZ R-67936, based
on HRXCT data. A lateral view B medial view € dorsal view D ventral view E anterior view F posterior
view. Scale bar: 1 mm. Anatomical abbreviations: a: angular; arf: articular fossa; ¢b: compound bone;
cbp: compound bone prearticular component; cbs: compound bone surangular component; co: coronoid;
d: dentary; Mc: Meckel’s canal; mf: mental foramen; rp: retroarticular process; sf: surangular foramen.
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Coloration in alcohol. Dorsal and ventral body brown to pale cream. Head pale
cream. Scales near opening of cloaca pale cream.

Description of skull. High-resolution x-ray computed tomography of skull bones
in Figs 8-10. Main body of premaxilla on ventral surface of snout. Maxilla—premax-
illa contact widely separated. Lateral maxillary foramina absent. Maxilla alveolar row
oriented transversely. Nasal fused. Nasal-frontal boundary convex posteriorly in shal-
low W-shaped suture. Prefrontal separated from nasal. Prefrontal moveably articulated
to frontal. Postorbital element present. Posterior orbital margin incomplete. Frontals
gradually tapering anteriorly. Frontal paired. Frontal—parietal contact (dorsal aspect)
anteriorly concave, frontals extending posteriorly into broad median embayment in
parietals. Parietal paired. Posterior border of parietal in contact with otico—occipital.
Supraoccipital present and fused not participating in internal sidewall of neurocrani-
um. Supratemporal present. Posteromedial flange of septomaxilla short, not contacting
frontal. Septomaxilla with lateral flange contributing to posterior border of external
naris. Fenestra for duct of Jacobson’s organ posteroventrally positioned. Palatine not in
contact with vomer, maxilla, or pterygoid. Ectopterygoid present. Splenial not present
as discrete element. Coronoid and angular separated by prearticular portion of com-
pound bone. Retroarticular process long, longer than articular facet. Teeth present in
maxilla and dentary, but lacking in premaxilla, palatine, and pterygoid.

Distribution. Central Colombia (neighborhood of Bogota and Villavicencio in
the department of Meta) (Fig. 6).

Liotyphlops ternetzii (Boulenger, 1896)
Figs 11-16, Tables 1, 2

Helminthophis ternetzii Boulenger, 1896: 584. Holotype: BMNH 1946.1.11.77. Type
locality: Paraguay.

Helminthophis incertus Amaral, 1924: 29. Holotype: MCZ R17846. Type locality: Su-
rinam [Suriname]. Placed in synonymy by Dixon and Kofron (1984 [dated 1983]:
255-256), who also rejected the type locality as Suriname.

Helminthophis beui Amaral, 1924: 25-30. Holotype: IB 1806. Type locality: Butantan,
Sao Paulo, Brazil. syn. nov.

Helminthophis collenettei Parker, 1928: 97. Holotype: BMNH 1946.1.10.73 (formerly
BMNH 1928.1.12.1). Type locality: Burity, 2250 ft., 30 miles northeast of Coy-
aba [Cuiabd], Mato Grosso [Brazil]. Placed in synonymy by Amaral (1954: 192).

(Liotyphlops) incertus—Vanzolini 1948: 380.

[Liotyphlops] ternetzi—Smith and Grant 1958: 207.

Liotyphlops ternetzii—Peters and Orejas-Miranda 1970: 183, in part; included L. bewui
in the synonymy.

Liotyphlops ternetzii—McDiarmid et al. 1999: 51-52.

Liotyphlops ternetzii—Wallach et al. 2014: 397-398.

Type material. Holotype. BMNH 1946.1.11.77, 325.1 mm TL; type locality: Paraguay.
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Figure 11. Types of Liotyphlops ternetzii and Liotyphlops beui. A holotype of L. ternetzii (BMNH
1946.1.11.77, 325.1 mm TL) from Paraguay B paratype of L. beui (MCZ 16702, 279.2 mm TL) from
Butantan, Sio Paulo, Brazil C specimen of L. ternetzii (MCP 10878, 248.9 mm TL) with dark brown
coloration D specimen of L. beui (MCP 10879, 233.9 mm TL) with dark brown coloration.

Diagnosis. Liotyphlops ternerzii is distinguished from L. anops, L. argaleus, L. sousai,
and L. rrefauti in having three (vs four) scales contacting the posterior edge of the pre-
frontal scale. It is distinguished from L. albirostris, L. bondensis, L. caissara, L. haadi,
and L. wilderi in having two scales (vs one scale) contacting the posterior edge of
the nasal between the second supralabial and the prefrontal. It is distinguished from
L. taylori by having three (vs two) infralabial scales, and from L. palauophis sp. nov. in
having a single frontal scale (vs frontal scale divided). Is distinguished from L. schubarti
in the pale cream, dark brown, or black coloration (vs light brown).

Redescription. Meristic data in Tables 1, 2. Total length of holotype 325.1 mm,
head length 4.8 mm (1.5% TL), snout—vent length 317 mm (97.5% TL), tail length
8.1 mm (2.5% TL), head width 3.6 mm (75% HL), and head height 2.7 mm (56.3%
HL). Body covered with cycloid scales. Snout rounded, rostral scale large, longer than
wide, contacting nasals anterolaterally, prefrontals laterally, and single frontal posteri-
orly. Pair of triangular prefrontals, bordered anterolaterally by rostral, ventrally by large
divided nasal, and dorsoposteriorly by frontal. Posterior edge of prefrontals passing
posterior edge of rostral. Nasal scale divided and bordered anteriorly by rostral, dorsally
by prefrontal, ventrally by first and second supralabials, and posteriorly by two scales
located between prefrontal and second supralabial. Eye spot poorly visible. Three scales
contacting posterior edge of prefrontal (two cycloid scales + frontal). Two scales con-
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Figure 12. Dorsal, lateral, and ventral views of the head of Liotyphlops. A L. ternetzii, holotype (BMNH
1946.1.11.77), drawing B L. ternetzii, holotype C L. beui (MCZ 16702) paratype. Scale bar: 1 mm.

Table 2. Meristic characters of specimens identified as Liotyphlops beui and L. ternetzii, presented as
ranges with minimum, maximum, and mode in parentheses. SPEP = number of scales contacting pos-
terior edge of prefrontal; SPEN = number of scales contacting posterior edge of nasal between second
supralabial and prefrontal; SFVRD = number of scales in the first vertical row of dorsals; SL = number of
supralabial scales; IL = number of infralabial scales; ASR = number of anterior scale rows around body;
MSR = number of scale rows around the midbody; PSR = number of posterior scale rows around body;
DSR = number of dorsal scale rows; VSR = number of ventral scales rows; SC = number of subcaudal

scales; n = number of specimens examined in this study; (p) = L. beui paratypes; (h) = L. ternerzii holotype.

Species/Count n  SPEP SPEN SFVRD SL IL ASR MSR PSR DSR VSR SC
L. beui 50 3-3(3) 2-2(2) 5-6(5) 4-4(4) 3-3(3) 22-26(22) 20-22(22) 20-22(20) 366-532(453) 348-511(364) 11-22(12)
L. beui (p) 2 3-303) 2-22) 5-5(5) 4-4(4) 3-3(3) 22-22(22) 20-20(20) 20-20(20) 462477 439452 19-20

L. ternetzii 50 3-3(3) 2-2(2) 5-6(5) 4-4(4) 3-3(3) 22-26(22) 20-23(20) 20-22(20) 353-539(417) 341-514(381) 11-22(15)
L. ternerzii (h) 1 3 2 5 4 3 24 22 21 475 452 20
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Figure 13. Three-dimensional reconstruction of the skull of holotype Liotyphlops ternetzii (BMNH
1946.1.11.77), and of the skull of the paratype of Liotyphlops beni (IMCZ 16702) based on HRXCT data.
A dorsal view B lateral view € ventral view D anterior view E posterior view. Scale bar: 1 mm. Anatomi-
cal abbreviations: a: angular; bo: basioccipital; cb: compound bone; cbp: compound bone prearticular
component; ¢bs: compound bone surangular component; co: coronoid; d: dentary; ec: ectopterygoid;
en: external naris; f: frontal; fo: foramen; m: maxilla; mf: mental foramen; n: nasal; oc: occipital condyle;
ooc: otico-occipital (fused prootic + opisthotic + exoccipital); p: parietal; pa: palatine; pbs: parabasisphe-
noid; pe: postorbital element; pf: prefrontal; pg: pterygoid; pm: premaxilla; q: quadrate; rp: retroarticular

process; sm: septomaxilla; sf: surangular foramen; st: supratemporal; tf: trigeminal foramen; v: vomer.

tacting posterior edge of nasal between second supralabial and prefrontal. Five scales in
first vertical row of dorsal scales. Mental triangular, not divided, wider than long, con-
tacting first infralabial. Supralabial scales four, infralabial scales three. Scales around
body 24/22/21. Dorsal scales 475, ventral scales 452, and subcaudal scales 20.

Coloration in alcohol. Dorsal and ventral body pale cream. Scales near opening
of cloaca and subcaudal scales lighter than rest of body.
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Figure 14. Three-dimensional reconstruction of the skull of holotype Liotyphlops ternetzii (BMNH
1946.1.11.77), and of the skull of the paratype of Liotyphlops beni (MCZ 16702) based on HRXCT data.
A transversal view B frontal view C sagittal view. Scale bar: 1 mm. Anatomical abbreviations: a: angu-
lar; an: acoustic nerve foramen; bo: basioccipital; cb: compound bone; cbp: compound bone prearticu-
lar component; cbs: compound bone surangular component; ci: conchal invagination; co: coronoid;
cv: cavum vestibuli; d: dentary; dp: descensus parietalis; ec: ectopterygoid; en: external naris; f: frontal;
fl: frontal laterally descending flange; fo: foramen; fpb: facial nerve palatine branch foramen; fs: frontal
subolfactory process; fv: fenestra vomeronasalis; m: maxilla; Mc: Meckel’s canal; mf: mental foramen;
n: nasal; nl: nasal lateral flange; ns: medial nasal septum; oc: occipital condyle; on: optic nerve foramen;
ooc: otico-occipital (fused prootic + opisthotic + exoccipital); p: parietal; pa: palatine; pbc: parabasal
(Vidian) canal; pbs: parabasisphenoid; pe: postorbital element; pf: prefrontal; pg: pterygoid; pm: pre-
maxilla; pvs: posterior vertical semicircular canal; q: quadrate; rp: retroarticular process; rstm: recessus
scalae tympani medial aperture; s: stapes; sf: surangular foramen; sm: septomaxilla; sml: septomaxilla
lateral flange; st: supratemporal; so: supraoccipital; tf: trigeminal foramen; trc: trigeminofacialis chamber;
v: vomer; vc: vomeronasal cupola; vf: vomerine foramen; vn: vomeronasal nerve passage.
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L. ternetzii (BMNH 1946.1.11.77) L. beui (MCZ 16702)
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Figure 15. Three-dimensional reconstruction of the lower jaw of Liotyphlops ternetzii, BMNH
1946.1.11.77, holotype, and Liotyphlops beui, MCZ 16702, paratype, based on HRXCT data. A lat-
eral view B medial view C dorsal view D ventral view E anterior view F posterior view. Scale bar:
1 mm. Anatomical abbreviations: a: angular; arf: articular fossa; ¢b: compound bone; cbp: compound
bone prearticular component; ¢bs: compound bone surangular component; co: coronoid; d: dentary;
Mc: Meckel’s canal; mf: mental foramen; rp: retroarticular process; sf: surangular foramen.

Description of skull. High-resolution x-ray computed tomography of skull
bones in Figs 13-15. Main body of premaxilla on ventral surface of snout. Max-
illa—premaxilla contact widely separated. Lateral maxillary foramina absent. Max-
illa alveolar row oriented transversely. Nasal fused. Nasal-frontal boundary convex
posteriorly in shallow W-shaped suture. Prefrontal separated from nasal. Prefrontal
moveably articulated to frontal. Postorbital element present. Posterior orbital margin
incomplete. Frontals gradually tapering anteriorly. Frontal paired. Frontal-parietal
contact (dorsal aspect) anteriorly concave, i.e., frontals extending posteriorly into
broad median embayment in parietals. Parietal paired. Posterior border of parietal
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Figure 16. Localities of specimens originally identified as Liotyphlops ternetzii (blue dots) and Liotyphlops
beui (red dots) examined in this study. Paratypes of L. beui (yellow dots), and holotype of L. ternetzii
(? = undetermined type locality).

in contact with otico—occipital. Supraoccipital absent. Supratemporal present. Pos-
teromedial flange of septomaxilla short, not contacting frontal. Septomaxilla with
lateral flange contributing to posterior border of external naris. Fenestra for duct of
Jacobson’s organ posteroventrally positioned. Palatine not in contact with vomer,
maxilla, or pterygoid. Ectopterygoid present. Splenial not present as discrete element.
Coronoid and angular separated by prearticular portion of compound bone. Retroar-
ticular process long, longer than articular facet. Teeth present in maxilla and dentary,
but lacking in premaxilla, palatine, and pterygoid.

Distribution. Known from Brazil (Mato Grosso, Goids, Minas Gerais, Sio Pau-
lo, Parand, Santa Catarina, and Rio Grande do Sul), Paraguay (Amambay, Caazapd,
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Canendiyu, Itapda, Presidente Hayes), Uruguay (Rio Negro, Salto), and Argentina
(Corrientes, Entre Rios, Formosa, Jujuy, Misiones, Salta) (Fig. 16). In the original
description, the locality of the holotype is described as Paraguay.

Discussion

The description of new species based on single specimens is generally discouraged due
to the obvious limitations, for example, in describing variation and geographical dis-
tribution (Santos and Reis 2018). More material will provide data on morphological
variation, as well as ecological information that may be useful in conservation efforts.
The redescription here of the lectotype of L. anops (AMNH R-17540) was based on
photographs sent by the curators of the AMNH due to the great fragility of the speci-
men, making impossible the packing, transport, and the use of invasive techniques.
The examination of these photographs of the lectotype was complemented by data
obtained by the examination of other specimens of L. anops, providing the redescrip-
tion with data of external morphology and osteology of the skull.

The specimens of L. beui (two paratypes and 50 non-types) and L. ternetzii (the
holotype and 50 non-types) examined (Figs 11-16) showed limited variation in
meristic characters (Table 2), which does not warrant the recognition of these taxa
as separate species. The number and disposition of head scales do not distinguish the
two taxa (Fig. 12): (1) three scales contacting the posterior edge of the prefrontal;
(2) two scales contacting the posterior edge of the nasal between the second suprala-
bial and the prefrontal; (3) five or six scales in the first vertical row of dorsal scales;
(4) four supralabial scales, and (5) three infralabial scales. The supratemporal bone
of anomalepidid snakes is either very reduced or absent (Anomalepis), and the high-
resolution x-ray tomography showed that the two paratypes of L. beui (MCZ R-16702
and MCZ R-17842) lack a supratemporal, which is instead present, although highly
reduced, in all other specimens of L. beui scanned and examined.

Liotyphlops beui was removed from the synonymy of L. ternetzii by Dixon and Ko-
fron (1984) based on two characters: (1) 20 scale rows posteriorly around the body (22
in L. ternetzii), and (2) a dorsal scale count of 384—455 (463-510 in L. ternetzii). In
my sample, however, L. beui had 366532 (mode 453), while L. ternetzii had 353-539
(mode 417), with the two ranges completely overlapping; and dorsal scale count in
L. beui 20-22 (mean 22) and in L. ternetzii 20-23 (mean 20), but the holotype of
L. ternetzii has 22 (Table 2). In addition, all other meristic characters (Table 2), col-
oration pattern, and an extensive study of skull bone characters showed no significant
variation that can be used as diagnostic characters for L. beui. After a detailed morpho-
logical examination of specimens of L. beui and L. ternetzii, including the relevant type
materials, L. beui is considered a junior synonym of L. ternetzii.

It is important to highlight that, in view of the limitation of diagnostic phenotypic
characters for species of the genus Liotyphlops and the lack of knowledge about the
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evolutionary relationships of their species, there is a need for fieldwork to collect sam-
ples of fresh tissue to obtain genetic material, which will allow studying the systematics
and testing the limits of Liotyphlops species from a molecular perspective.
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Appendix |

Examined specimens

Liotyphlops albirostris: Colombia. Bolivar, Arjona: CM 39565. Panama. Herrera, San-
ta Marfa: CM 44652. Venezuela. Distrito Capital, road below La Guaira, km 5, East
of Caracas: CM 90256. Distrito Capital, Libertador: MHNLS 514. Miranda, Ur-
banizacién Altamira: MHNLS 11824. Urbanizacién Macaracuay: MHNLS 15550.

Liotyphlops anops: Colombia. Neighborhood of Bogota: lectotype AMNH R-17540.
Meta, Villavicencio: MCZ R-67936, MCZ R-67937, MZUSP-S 5998.

Liotyphlops argaleus: Colombia. Meta, La Selva: MCZ R-66383 paratype.

Liotyphlops beui: Brazil. Goids, Goiania: CEPB 1398, CEPB 1422, CEPB 2491,
CEPB 3610. Luziania: CEPB 6601, CEPB 6602, CEPB 6603, CEPB 6604,
CEPB 6900, CEPB 6901, CEPB 6902, CEPB 6903, CEPB 6904, CEPB 6905,
CEPB 6642, CEPB 6643, CEPB 6646, CEPB 6651, CEPB 6659, CEPB 6672,
CEPB 8849. Minacu: CEPB 8409. Sao Paulo, Botucatu: MNR] 23247. Campi-
nas: MNR]J 8143. Carapicuiba: MCP 16361, MNRJ 10578. Itu: MNRJ 8144.
Pirapozinho: MNR]J 22022. Sao Caetano do Sul: MCP 16365. Sao Paulo: MCP
16366, MCP 16368, MNR] 10577, ZUESM 1569. Instituto Butantan, paratypes
MCZ R-16702, MCZ R-17842. Parand, Boa Vista da Aparecida: MCP 10853,
MCP 10855, MCP 10854, MCP 10879. Cruzeiro do Iguagu: MCP 10880. Cu-
ritiba: MCP 16362, MCP 16363. Trés Barras do Parani: MCP 10857, MCP
10858, MCP 10859, MCP 10862, MCP 10864. Uniio da Vitétia: MCP 16360.
Santa Catarina, Passos Maia: UFRGS 6275. Rio Grande do Sul, Erechim: UFRGS
6494. Frederico Westphalen: MCP 9494. Bom Progresso: MCP 19086.

Liotyphlops haadi: Colombia. Amazonas Department, middle region of the Caquetd
River, La Pedrera district: IAvH 5434 holotype. Leticia, Vereda de los Lagos: IAvH
5435 paratype.

Liotyphlops palauophis sp. nov.: Colombia. Neighborhood of Bogota: holotype
AMNH R-09550.

Liotyphlops schubarti: Brazil. Sao Paulo, Campinas: ZUEC REP 2278, ZUEC REP
2279, ZUEC REP 2280, ZUEC REP 2281. Sapucai: MZUSP-S 4099.

Liotyphlops sousai: Brazil. Santa Catarina, Passos Maia: holotype, UFRGS 6274

Liotyphlops taylori: Brazil. Mato Grosso, Porto Estrela: holotype, MZUSP-S 14975

Liotyphlops ternetzii: Paraguay. holotype, BMNH 1946.1.11.77. Brazil. Mato Gros-
so, Itiquira: UFRGS 6458. Distrito Federal, Brasilia: MCP 18381. Minas Ger-
ais, Cabeceira Grande: MCP 19228. Indianépolis: MNR] 8147. Jodo Pinheiro:
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MNR]J 11329, MNR]J 14957. Patos de Minas: MNR]J 17300. Sao Paulo, Itu:
MCP 10699. Sao Paulo: MCP 3680, MCP 6986. Taboao da Serra: MCP 7349.
Parand, Boa Vista da Aparecida: MCP 10849, MCP 10869, MCP 10870, MCP
10878, MCP 10850, MCP 10851, MCP 10852. Curitiba: MCP 1943. Cruzeiro
do Iguagu: MCP 10847, MCP 10872, MCP 10873, MCP 10874, MCP 10875,
MCP 10876, MCP 10877, MCP 10881, MCP 10882, MCP 10883, MCP 10885,
MCP 10886. Diamante D’Oeste: MCP 16364. Pinhao: MCP 7186, MCP 7195,
MCP 7196, MCP 7197, MCP 7198, MCP 7199, MCP 7361. Trés Barras do Par-
ana: MCP 10856, MCP 10860, MCP 10861, MCP 10863, MCP 10865, MCP
10866, MCP 10867, MCP 10884. Rio Grande do Sul, Porto Vera Cruz: MCP
11676. Porto Xavier: MCP 11706. Santo Cristo: MCP 11661.

Liotyphlops wilderi: Brazil. Bahia, Itapebi: MNR] 15657. Minas Gerais, Caeté:
MNR]J 20633, MZUSP-S 3842.
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Abstract

Euborellia (Anisolabididae: Anisolabidinae) is one of the most speciose genera of earwigs (Dermaptera),
and its species-level classification is difficult. To settle the classification of brachypterous species with
abbreviated tegmina recorded from East and Southeast Asia, we examined the morphology and repro-
ductive isolation of three tentative Euborellia species, and analyzed the DNA barcoding region of the
mitochondrial cytochrome oxidase subunit I (COI) gene. The observed complete reproductive isolation
among the three Euborellia taxa and considerable differentiation in the COI sequences clearly show that
each should be treated as a separate species. Based on morphology, distribution and the DNA sequence,
we identify Euborellia sp. 1 of Malaysia as E. annulata (Fabricius), a circumtropical cosmopolitan with no
records of a fully winged form. Samples from Ioto Island (= Iwo-jima Island: Ogasawara Islands, southern
Japan) were also identified as this species. Euborellia sp. 3, from the main islands of Japan, was generally
larger and lacked a Y-shaped pigmented area on the penis lobe, which is characteristic of Enborellia sp. 1.
We propose reinstating E. pallipes (Shiraki) as the oldest name for this taxon. Euborellia sp. 2, even the
brachypterous form, can be distinguished from these two species by its paler coloration (particularly the
femora), ecarinate post-abdomen, and the shape of the male genitalia (parameres). We tentatively identify
this species as E. philippinensis Srivastava based on the morphology of the brachypterous form, although
the macropterous form cannot be distinguished from E. femoralis (Dohrn).

Copyright Yoshitaka Kamimura 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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Introduction

Euborellia Burr, 1910 (Anisolabididae: Anisolabidinae) is one of the most speciose gen-
era of earwigs. It includes approximately 50 species (Popham and Brindle 1966; Sakai
1982, 1987; Steinmann 1989a, b; Srivastava 1999; Hopkins et al. 2018), in a small
order of polyneopteran insects (Insecta: Dermaptera) with more than 2000 described
species (Zhang 2013; Hopkins et al. 2018). Like related genera of Anisolabidinae,
many Euborellia are apterous or brachypterous and are usually dark in color. Due to the
scarcity of traits for species diagnoses, classifying this genus is very difficult.

This study examined the relationships among three tentative Euborellia species
with flap-like vestigial tegmina (= forewings) found in East and Southeast Asia (named
Euborellia sp. 1, Euborellia sp. 2 and Euborellia sp. 3 in the rest of the article). Euborellia
sp. 1 was recorded from Malaysia, and was tentatively identified as Enborellia annulata
(Fabricius, 1793) in Kamimura et al. (2016). Although the type locality of E. annulata
is the West Indies, many authors consider this species a senior synonym of Euborellia
stali (Dohrn, 1864), the type locality of which is Java, which makes it a circumtropi-
cal cosmopolitan (Brindle 1981; Sakai 1987; Srivastava 2003). Except for doubtful
treatments of this species as a synonym of other Euborellia species with fully developed
tegmina and wings (see the Results and discussion), both male and female adults of
this species are brachypterous. This means that they only have vestigial tegmina as
small oval flaps and entirely lack hindwings (Dohrn 1864; Brindle 1981; Sakai 1987;
Srivastava 2003; but see Kamimura et al. 2016 for a single aberrant laboratory-raised
male with fully developed tegmina but no hindwings). Euborellia sp. 2 is known only
at the west coast of Penang Island in Malaysia (Kamimura et al. 2016). Although in
that study all wild-caught samples were brachypterous, macropterous individuals with
fully developed tegmina and wings were found in laboratory-reared populations. Based
on the morphology of the brachypterous morph, the previous study tentatively identi-
fied the species as Euborellia philippinensis Srivastava, 1979, considered endemic to the
Philippines (Srivastava 1979, 1999; Sakai 1987; Steinmann 1989a, b). A third possibly
distinct species of brachypterous Euborellia, tentatively named Euborellia sp. 3 here,
occurs in the temperate zone of Japan. These three species are inhabiting open lands,
including agricultural fields, semi-urban grasslands, sandy seaside or streamside, and
can be collected by hand-sorting (Kamimura et al. 2016; Nishikawa 2016).

An apterous species of Euborellia was recently discovered as a possible intruder
in Europe (Kalaentzis et al. 2021). Based on both morphological and molecular evi-
dence, this species was identified as the apterous form of the Oriental species Euborellia
femoralis (Dohrn, 1863), which is usually macropterous (Kalaentzis et al. 2021). To
resolve the cryptic species diversity of Anisolabidinae in Australia, Stuart et al. (2019)
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also demonstrated the effectiveness of an approach incorporating both morphometric
and molecular analyses. To settle the classification of Euborellia species in Asia, we thus
examined reproductive isolation among the three tentative species (Euborellia sp. 1, 2,
and 3), and their detailed external and genital morphologies. Based on sequences of a
mitochondrial cytochrome oxidase subunit I (COI) gene region, which is widely used
for DNA barcoding of Dermaptera (Matzke and Koddrek 2015; Stuart et al. 2019;
Kalaentzis et al. 2021; Koddrek and Wahab 2021), the genetic divergence and phy-
logenetic relationships among these and other Euborellia species were also examined.

Materials and methods

Reproductive isolation

Two experiments examined pre- and post-copulatory reproductive isolation among
the three tentative species. Virgin females were obtained by separating newly emerged
adults every three days from laboratory cultures of nymphs (wild-caught or mainly
the F, generation). For Euborellia sp. 1 and Euborellia sp. 3, individuals derived from
five localities of Malaysia (Batu Ferringi [5.47°N, 100.25°E], Bukit Bendera [5.42°N,
100.26°E], Bayan Indah beach [5.34°N, 100.31°E], and Bayan Lepas [5.33°N,
100.31°E] of Penang Island and Kuantan [3.80°N, 103.34°E], Pahang state: and some
of their hybrid F,) and three localities from Japan (Tokushima city, Tokushima Prefec-
ture [34.12°N, 134.58°E], Yokohama city, Kanagawa Prefecture [35.51°N, 139.57°E],
and Komae city, Tokyo Prefecture [35.63°N, 139.57°E]) were used, respectively. All
samples of Euborellia sp. 2 were derived from a single locality (Sungai Nipah, Penang
Island, Malaysia [5.32°N, 100.20°E]), but pairing of a male and a female from the
same full-sib family was avoided. For males, wild-caught adults were also used (see
Suppl. material 1 for further details). All animals were kept at 26 £ 1 °C (12 h pho-
toperiod) and provided with water and unlimited amounts of commercial cat food.
In the first experiment (Exp. 1), a virgin female (age: 5-68 days after imaginal eclo-
sion: median = 9 days) was paired with a conspecific or heterospecific male in a plastic
container (50 x 32 mm, 12 mm high) with plaster of Paris at the base for 21 h (N =5
for each species combination). Then the females were sacrificed by placing them in a
freezer (-20 °C) for later examination of their insemination status. The spermatheca
was dissected from the females in insect Ringer’s solution (0.9 g NaCl, 0.02 g CaCl,,
0.02 g KCI, and 0.02 g NaHCO, in 100 mL water) under a stereomicroscope (EZ vi-
sion, Saxon, Guangzhou, China), and then examined under a light microscope (BX53
or CX21, Olympus, Tokyo; 40—400x). In the second experiment (Exp. 2), a virgin
female (age: 3—83 days after imaginal eclosion: median = 6 days) was paired with a
conspecific or heterospecific male in a separate plastic vessel (60 mm diameter, 40 mm
high) for 72 h (V= 5 for each species combination). Then the females were reared
separately in the vessel for 30 days after removing the male. Oviposition and hatching
of offspring were checked every two or three days. The spermatheca of the females that
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produced no hatchlings during the observation period was examined for the presence
of sperm, as described above. Females with at least one hatchling or sperm in the sper-
matheca were scored as “inseminated”.

External and genital morphology

The external morphologies of dried adult materials were examined under a stereomi-
croscope (S8-APO; Wetzlar, Germany or SZX16; Olympus, Tokyo, Japan) and photo-
graphed using an Olympus Pen e-pl1s digital camera (Olympus). “Microscope mode”
and “Focus-stacking sub-mode” of a Tough-TGS5 digital camera (Olympus) were also
used to obtain composite images of the external traits. The male genitalia were ex-
tracted from freeze-preserved, dried, or fresh specimens anesthetized with carbon di-
oxide under a stereomicroscope. After mounting on a glass slide with insect Ringer’s
solution, they were observed and photographed under a light microscope (BX53,
100-400x; Olympus) equipped with an Olympus DP80 CCD camera or a differen-
tial interference contrast (DIC) microscope (BX53, 100-400x; Olympus) fitted with
an Olympus Pen e-plls digital camera. Based on photographs taken under the DIC
microscope, selected parts of each image in focus were composed using Combine ZP
Image Stacking Software (Hadley 2008).

The samples were wild-caught from Penang Island (Bayan Lepas [Penang-1], Batu
Ferringi [Penang-2], and Bayan Indah beach [Penang-3]) for Euborellia sp. 1. For
Euborellia sp. 2 and Euborellia sp. 3, samples of laboratory stock populations, derived
from a female collected from Sungai Nipah, Penang Island, Malaysia (in 2012), and
Takasago city, Hyogo Prefecture, Japan [34.75°N, 134.80°E] (in 2018), respectively,
were examined. For Euborellia sp. 3, wild-caught and mainly F -generation offspring
were also examined for the following seven localities of Japan: Satsuma-sendai city,
Kagoshima Prefecture [31.81°N, 130.31°E: Kagoshima-1], Shimokoshiki Island,
Kagoshima Prefecture [31.66°N, 129.72°E: Kagoshima-2], Naruto city, Tokushi-
ma Prefecture [34.20°N, 134.60°E], Shizuoka city, Shizuoka Prefecture [35.01°N,
138.39°E: Shizuoka-1], Izunokuni city, Shizuoka Prefecture [35.06°N, 138.95°E:
Shizuoka-2], Yokohama city, Kanagawa Prefecture [35.51°N, 139.57°E], and Iwaki
city, Fukusima Prefecture [36.88°N, 140.79°E].

For Euborellia sp. 1 and 3, which were challenging to discriminate based on their
external appearance, three traits were chosen for measurement based on the results of
a pilot study: maximum head width (including eyes), maximum pronotum width, and
hind tibia length. These traits can usually be measured on dried specimens preserved in
museums and can be used for future studies on this group. These traits were measured
for dried materials (Suppl. material 2) to the nearest 0.026 mm using a binocular mi-
croscope (SZ, Olympus) with an eyepiece. The mean values were used for subsequent
analysis for samples in which both the right and left hind tibia lengths were measur-
able. Otherwise, the measurements of one side were used.

In addition to the samples collected by the authors, two female and one male adult
Euborellia collected from loto Island (= Iwo-jima Island) in the Ogasawara Islands
(= Bonin Islands) preserved in the collection of Kanagawa Prefectural Museum of Natural
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History (KPMNH), Japan were examined: 29 9, pond-side at the Northern Airfield
site, loto Island, Ogasawara, Tokyo, 13—-14.X11.2005, Haruki Karube leg.; 18, loto Is-
land, Ogasawara, Tokyo, 31.XI1.2004, Katsumi Sano leg. For comparison, an adult fe-
male sample of E. annulata, collected from French West Indies: Jarry, Basse-Terre Island,
Guadeloupe Archipelago (16.23°N, 61.55°W: 20.X1.2020, Nicolas Moulin leg.) was also
observed and measured. Holotype (female) of Anisolabis pallipes Shiraki, 1905, in the col-
lection of National Taiwan University (NTU), Taipei, Taiwan, was also examined onsite.

DNA barcoding

Total genomic DNA was extracted from fresh, ethanol-preserved, or dried samples of
Euborellia and other dermapterans (Suppl. material 3), using a DNeasy Blood & Tis-
sue Kit (QIAGEN, Hilden, Germany) according to the manufacturer’s instructions.
Depending on the size of the specimens, one to three legs on one side were used for
DNA extraction. PCR amplification of a mitochondrial cytochrome oxidase subunit
I (COI) region (660 base pairs), which is widely used for DNA barcoding of earwigs
(Matzke and Koddrek 2015; Stuart et al. 2019; Kalaentzis et al. 2021; Ko¢drek and Wa-
hab 2021) and other invertebrates (Folmer et al. 1994) was performed using a T100™
thermal cycler (Bio-Rad Laboratories, Hercules, CA, USA) and primers LCO1490 and
HCO2198 (Folmer et al. 1994). PCR reactions were conducted in a 20 pL volume
containing 1 pL each primer (10 uM), 10 puL 2xPCR buffer, 4 pL dNTPs (2 mM
each), 0.4 uL KOD FX Neo DNA polymerase (1.0 unit/uL; Toyobo, Osaka, Japan),
and 1 pL genomic DNA. The PCR temperature profile consisted of 2 min at 94 °C,
then 35 cycles of 15 sec at 94 °C, 15 sec at 51 °C, and 15 sec at 72 °C, followed by a
6 min final extension at 72 °C. Since the primer set did not work for Euborellia an-
nulipes (Lucas, 1847), another set of primers (SKCOI-7 and SKCOI-7) was used to
obtain PCR products of this species, which largely overlapping with the LCO1490-
HCO2198 region but lacking 44 bases of the 5’ end, according to the protocol of Su et
al. (2004). Sequencing was done by Eurofins Genomics (Tokyo, Japan) (or FASMAC,
Kanagawa, Japan for E. annulipes). The chromatograms were checked visually and ed-
ited manually where appropriate. After eliminating the primer sequences, the COI
sequences have been deposited in DDBJ/ENA/GenBank.

Multiple sequence alignments were conducted with Clustal W (Thompson et al.
2003) implemented in MEGA11 (Tamura et al. 2021) using the default settings.
The sequences of other Euborellia species and Apachyus feae Bormans, 1894 (Apach-
yidae) available in GenBank were also included in the analysis (Accession numbers:
MW703670.1, MW703671.1, MW703672.1, MW703673.1, MW291948.1, and
KP0O19208.2). The maximum likelihood (ML) analysis and calculation of intraspecific
and interspecific p-distances were performed with MEGA11. For the ML analysis, the
optimal nucleotide substitution model (the general time-reversible model [GTR]+G+])
was determined by MEGA11 using the Bayesian Information Criterion (BIC) and the
default search algorithms: a discrete Gamma distribution (+G) with five rate categories
and a certain fraction of sites evolutionarily invariable (+]). Because no non-dermapter-
an samples were added as outgroups, the resultant trees were rooted by a clade of the
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Infraorder Protodermaptera. Investigations of the sequence saturations were done plot-
ting the estimated number of base substitutions (transitions and transversions) against
the genetic distance (maximum composite likelihood model). The data were obtained
for 741 comparisons of 38 sequences (660 bp) obtained in the present study by using
MEGAL11, and visualized by a personal script written in Python v.3.8.3.

Results and discussion

Reproductive isolation

The crossing experiments revealed that the three tentative Euborellia species are strongly
isolated (Fig. 1). Interestingly, when the data for 21 h and 72 h pairings were combined,
insemination was found to have occurred in all heterospecific pairing combinations
(Fig. 1a, b). The insemination success between a female of Euborellia sp. 1 and a male of
Euborellia sp. 2 was very high, 80% in both the 21 h and 72 h pairings (Fig. 1a, b). On
average, 73.3% of females paired with a heterospecific male, and 93.3% paired with a
conspecific male laid an egg batch (Fig. 1¢). All egg batches of females paired with a con-
specific male developed normally, resulting in the production of at least one hatchling
(Fig. 1d). However, no development was observed in the eggs deposited after heterospe-
cific pairings, with no hatchling success during the 30-day observation period (Fig. 1d).
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Figure |. Insemination (a, b), oviposition (c), and hatching success (d) of conspecific and reciprocal heter-
ospecific crosses among the three tentative species of Euborellia: Euborellia sp. 1 (1), Euborellia sp. 2 (2), and
Euborellia sp. 3 (3). These species are identified as E. annulata, E. philippinensis, and E. pallipes, respectively.
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External and male genital morphology

The external morphologies of the three tentative species, particularly those of
Euborellia sp. 1 and 3, are similar and difficult to distinguish. Except for the fully
winged morph of Euborellia sp. 2 (Fig. 2d), both male and female adults of these
species have the tegmina abbreviated to small oval flaps (Fig. 2a—c). Kamimura et
al. (2016) reported one aberrant male with fully developed tegmina but no hind-
wings for Euborellia sp. 1. The coloration of Euborellia sp. 2 is generally paler than
the other two species, being dark brownish (Fig. 2a—d). In the legs of these species,
a black marking develops in the mid part of the femur (indicated by red arrows in
Fig. 2h—j) and in the basal half of the tibia (indicated by orange arrows in Fig. 2h—j).
In Euborellia sp. 1, the former marking is much more conspicuous than the latter,
forming an almost complete band (Fig. 2h). By contrast, the tibial marking is more
prominent in Euborellia sp. 2 (Fig. 2i). These black markings of Euborellia sp. 3 de-
velop at almost the same intensity. Still, the femoral band usually does not reach the
ventral side (Fig. 2j).

Kalaentzis et al. (2021) reported that the relative lengths of the basal antennomeres
are useful for diagnosing Euborellia species. However, we found no conspicuous differ-
ence in the antennal morphology of the three tentative species: the 1* antennomere is
as long as or slightly shorter than the length of the 2™, 3%, and 4™ combined (Fig. 2e—
g). In males of Euborellia sp.1 and 3, the lateral sides of the abdominal segments 6*
(in some cases 7*) to 9™ are acute-angled posteriorly and carinated (Fig. 2n, p: yellow
arrowheads). The corresponding abdominal tergites of Euborellia sp. 2 are bent at an
almost right angle (Fig. 20: light blue arrowheads), making the post-abdomen cross-
sections rectangular.

The genital morphologies are also quite similar among the Fuborellia species exam-
ined here. The male genitalia are elongated, almost the body length (Euborellia sp. 1
and 3) or the abdominal length (Euborellia sp. 2). On each penis lobe including a thin
virga, two humps of denticulated pads are present (orange and magenta arrowheads
in Fig. 2q—s). In addition, a conspicuous Y-shaped area of pigmentation is present
only in Euborellia sp. 1 (Fig. 2q: black arrowhead). Although previous descriptions of
Euborellia species lack such a detailed morphology of the penis lobes, judging from
the high-resolution images in Kalaentzis et al. (2021), the penises of E. femoralis and
E. annulipes lack the Y-shaped pigmentation. The shape of the parameres is also similar
among the species, being weakly emarginated on the inner side. The outer margin is
strongly angular in Euborellia sp. 2 compared to Euborellia sp. 1 and 3 (black arrows
in Fig. 2r).

To separate Euborellia sp. 1 and 3, three morphological traits, considered measur-
able in dried specimens from museums, were quantified and compared: the maximum
head width, maximum prothorax width, and hind tibia length. Although the sample
size is small for Euborellia sp. 1, the three traits were generally smaller in Euborellia sp.
1 than in Euborellia sp. 3, particularly in females (Fig. 3).
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Figure 2. Female habitus (a=c), head and thorax of a fully winged-form male (d), base of female right
antenna (e~g), female right hindleg (h=j), male forceps (k=m), left side of male post-abdomen (n=p), and
distal part of male genitalia (q—s) of Euborellia sp. 1 (identified as E. annulata; a, e, h,k,n, q), Euborellia
sp. 2 (identified as E. philippinensis; b, d, f, i, 1, 0, ¥), and Euborellia sp. 3 (identified as E. pallipes; c, g, j,
m, p, s). Femoral and tibial black marking are indicated by the red and orange arrows, respectively (h=j).
Carination and dorso-lateral angles of the abdominal tergites, the latter forms the lateral ridges, are indi-
cated by the yellow and light blue arrowheads, respectively (n=p). On each penis lobe, a pair of denticu-
lated pads (the orange and magenta arrowheads) and a Y-shaped area of pigmentation (only in Euborellia
sp. 1: black arrowheads) are present. The external apical angle of the parameres (pm) is acute in Euborellia

sp. 2 (the black arrow). Scale bars: 5 mm (a=c); 1 mm (d=p); 500 pm (g-s).
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Figure 3. Relationship between the maximum pronotum width and maximum head width (a, b), and
relationship between the maximum pronotum width and hind tibia length (¢, d) of female (a, ¢) and male
(b, d) Euborellia species (Euborellia sp. 1 and Euborellia sp. 3). Red, blue, and black symbols represent
samples from Malaysia, the main islands of Japan (Honshu, Shikoku, and Kyushu, and Shimokoshiki
Island near Kyushu), or Ioto Island, respectively. The data of a female E. annulata, collected from Basse-
Terre Island, Guadeloupe Archipelago, is also shown in a and ¢ (light blue crossed diamonds). Details of
the localities are provided in Suppl. material 2.

Examination of additional materials

As additional materials from Japan, two female and one male adult Euborellia collected
from Ioto Island (= Iwo-jima Island) in the Ogasawara Islands (= Bonin Islands) were
examined. The tegmina of these samples are small flaps (Fig. 4a, b) as in the other
Euborellia samples examined above. In the male specimen, the lateral side of the 6"-9
abdominal tergites protrudes posteriorly and is carinated forming a ridge (Fig. 4c). The
conspicuous black band in the femurs (Fig. 4d, ¢) and the smaller body size compared to
Euborellia sp. 3 from the main islands of Japan (Fig. 3) indicate that these are identical
to Euborellia sp. 1. The presence of a Y-shaped area of pigmentation in the male genitalia
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d

Figure 4. Euborellia specimens collected from Ioto Island, Ogasawara Islands, Japan (a—f) and the type
(holotype) material of Anisolabis pallipes Shiraki, 1905, preserved in Insect Museum, National Taiwan
University, Taipei, Taiwan (g). @ adult female b adult male c left lateral view of the male post-abdomen
d right hindleg of the male e left hindleg of the female f part of the male genitalia (right paramere [pm]
and the penis lobe). For the meanings of the arrows and arrowheads, see the caption of Fig. 2. Scale bars:
3 mm (a, b); I mm (c—e); 100 um (f).

(Fig. 4f) supports this view. A female sample of E. annulata from Basse-Terre Island,
Guadeloupe Archipelago (French West Indies), near the type locality, was also placed
in the cluster of Euborellia sp. 1 based on the morphological measurements (Fig. 3a, c).

Based on a brachypterous adult female collected from Takasago, Hyogo Prefec-
ture, Japan, Shiraki (1905) described Euborellia pallipes (Shiraki, 1905) as Anisolabis
pallipes Shiraki, 1905. Although some authors have indicated that the type locality of
this species is Taiwan (Formosa) (Burr 1911; Steinmann 1989a, b; Srivastava 2003),
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the label of the name-bearing type material (female adult), now in the Insect Museum,
National Taiwan University, Taipei, Taiwan (Fig. 4g), indicates that it was collected
in Takasago (handwritten, in Japanese), Japan (Digital Archives Project of National
Taiwan University 2021). This agrees with the original description (Shiraki 1905) and
subsequent examination of the type material by Okuni (1913). Although this mate-
rial has not been examined in detail and morphological measurements have not been
made, its leg coloration with pale markings and locality indicate that the specimen
belongs to our Euborellia sp. 3.

DNA barcoding and phylogenetic analysis

Although comparable numbers of transversions (Tv) and transitions (Ts) are estimated
to occur in the 2™ and 3" codon positions at the genetic distance larger than ca 0.2
(Fig. 5¢, d), in the 1* codon and in total, Ts generally outnumber Tv, both exhibiting
a linear relationship with the genetic distance (Fig. 5a, b). Thus, the DNA barcoding
region of the Dermaptera is considered to contain phylogenetic information for the
diagnoses of species and genera, and relationships among closely related genera.

The percent sequence divergence was lower than 2% within each tentative
Euborellia species, except for one individual of Euborellia sp. 1, which showed about
5% divergence from the other three conspecific samples (Table 1). By contrast, the
interspecific divergences were much higher on average: 13.8% between Euborellia sp.
1 and 2, 17.0% between Euborellia sp. 1 and 3, and 13.7% between Euborellia sp. 2
and sp. 3.

Although the support is low (56%), the samples of Anisolabidinae (Anisola-
bididae) formed a monophyletic clade (Fig. 6). An exception in Anisolabididae is
Platylabia major Dohrn, 1867 (Platylabiinae: = Palicinae Engel & Haas, 2007; = Palex-
inae Kocdrek, 2010), the phylogenetic placement of which was not resolved in our
analysis. In Anisolabidinae, Euborellia species, except for Euborellia arcanum Matzke
& Koddrek, 2015, formed a monophyletic clade (55% support). The DNA barcode
region of E. arcanum, possibly an introduced species in Europe, is almost identical to
that of Anisolabella ryukyuensis (Nishikawa, 1969). These species are also similar in the
external and genital morphologies (Nishikawa 1969; Matzke and Kocdrek 2015), war-
ranting further studies to settle their placements.

In the Euborellia clade, multiple samples of each tentative species (Euborelliasp. 1,2,
or 3) and E. femoralis form monophyletic clades with 100% support. Interestingly, the
clade of Euborellia sp.1 (from Malaysia) consisted of two subclades, one of which also
included E. annulata from the West Indies. The sister relationship between Euborellia
sp. 3 and E. femoralis was also supported with high confidence (99%). Euborellia sp.
(China) and Euborellia plebeja (Dohrn, 1863), for which only the fully winged form
has been reported (except for records of those treated as Euborellia sp. 3 here), form
a clade with 91% support, with its sister place being Euborellia sp. 2 (95% support).
Placement of E. annulipes in this genus was not settled.
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Figure 6. The maximum likelihood phylogenetic tree constructed from COI sequence data. Numbers at
the branches indicate bootstrap values (% in 1000 replicates). GenBank accession numbers follow the locali-
ties in the parentheses. Euborellia sp. 1, Euborellia sp. 2, and Euborellia sp. 3 are shaded in red, yellow, and
blue, respectively, indicating the proposed names. The details of the samples sequenced in the present study
(the accession numbers beginning with “LC”), are available in Suppl. material 3 and DDBJ/ENA/GenBank.
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Identity of the Euborellia species

After the description of Forficula annulata from “Americae meridionalis” (= south-
ern America) by Fabricius (1793), the taxonomy of Euborellia species with flap-like,
abbreviated tegmina has long been confused. De Bormans and Krauss (1900) and
Burr (1911) listed this species as Labia annulata under Spongiphoridae (= Labiidae),
and Steinmann (1989b, 1990) followed this view. Brindle (1981), who examined
the Fabrician types in the Zoological Museum of Copenhagen University, concluded
that the type of Forficula annulata, a male collected from the West Indies, is identical
to the species known as Euborellia stali (Dohrn, 1984) (see also Kevan and Vickery
1997). Accordingly, many subsequent authors treated E. szali as a junior synonym of
the circumtropical cosmopolitan species E. annulata, together with Anisolabis minuta
Caudell, 1907 (the type locality is Puerto Rico), which Hebard (1923) and Reichardt
(1968) proposed to be a junior synonym of E. stali (Sakai 1987; Srivastava 2003).

Interestingly, our Euborellia sp. 1 made a cluster, both in morphology (Fig. 3) and
molecular (Fig. 6) data sets, with the female sample of E. annulata collected near its
type locality. Thus, we follow the view that E. annulata is a circumtropical cosmopoli-
tan, and assign our Euborellia sp. 1 to E. annulata, as we did in Kamimura et al. (2016).
In the present study, we detected the characteristic Y-shaped area of pigmentation on
the penis lobe of Euborellia sp. 1. Unfortunately, previous descriptions of Euborellia
species, including those of E. annulata, E. stali, and E. minuta, do not include detailed
structures on the penis lobes. Extensive re-examination for this trait is required for
the type material and specimens assigned as E. annulata from other localities. Our
examination of the samples from loto Island in the Ogasawara Islands, particularly the
detection of a Y-shaped area of pigmentation on the penis lobe of the male specimen,
indicates that they are conspecific to our Euborellia sp. 1, and thus E. annulara (Figs 3,
4a—f). Brindle (1972) reported the occurrence of E. annulata (as E. stali) in the Pacific,
including Chichijima Island in the Ogasawara Islands, which is approximately 200 km
north of Toto Island (see also Nishikawa 2020b).

Interestingly, our molecular analysis detected two sub-clades in Euborellia annulata: a
female from Bayan Lepas, Penang Island, Malaysia (LC715987) showed only 1.8% diver-
gence from a female from the West Indies (LC740580), while the other Malaysian samples
(LC715988-1L.C715990), including those from other sites of Penang Island, were clus-
tered with 4.8—6.5% differences from the formers (Table 1). We detected no differences in
the external morphology between these two subgroups. Considering that some widely-dis-
tributed insects show remarkable intraspecific diversity (> 5%) in the CO1 sequences (up
t0 26.0%: Cognato 20006), we tentatively treat those as a single species E. annulata. Future
studies should explore for possible isolations among possible sub-lineages of this species.

Kamimura et al. (2016) treated Euborellia sp. 2 as E. philippinensis, although no
fully winged morph had been reported for this species. The external and male genital
morphology of the brachypterous form of Euborellia sp. 2 agree with the previous
descriptions of E. philippinensis (Srivastava 1979), including the sharp external apical
angle of the parameres (Fig. 2r: black arrows) and the posterior margin and angles of
the pronotum broadly rounded (Fig. 2b), compared to those of E. annulata.



Taxonomy of Asian Euborellia earwigs 129

In addition to Euborellia sp. 2, two macropterous Euborellia species, E. plebeja
and E. femoralis, have been reported from the Orient (Srivastava 2003). Although the
treatment of E. stali (with abbreviated tegmina) as a junior synonym of E. plebeja by
Hebard (1927) caused further confusion and difficulties in the taxonomy of Euborellia
(Brindle 1972), except for the erroneous treatments of Euborellia sp. 3 discussed below,
no indisputable example of an apterous or brachypterous form of E. plebeja has not
been reported. According to Bey-Bienko (1959) and Srivastava (2003), lateral ridges
(carina) do not develop in E. plebeja (vs. developed in the 6®-9™ abdominal tergites
of E. femoralis) with more prominent external angles of the parameres (vs. external
angles convex in E. femoralis). Thus, it is difficult to distinguish the macropterous
form of Euborellia sp. 2, found only in laboratory-reared individuals, from E. plebeja
(Kamimura et al. 2016). Our phylogenetic analysis also revealed that Euborellia sp. 2 is
closely related to E. plebeja (a Thailand specimen) and Ewuborellia sp. (a Chinese speci-
men; macropterous), both of which Kalaentzis et al. (2021) sequenced. However, the
genetic differentiation in the DNA barcode region is relatively large between Euborellia
sp. 2 and E. plebeja (more than 9.5%: Fig. 6). Kalaentzis et al. (2021) considered that
Euborellia sp. from China, which is sister to E. plebeja with genetic differentiation
of about 8.7%, represents another species. Following this view, we tentatively treat
Euborellia sp. 2 as E. philippinensis based on the morphology of the brachypterous
form, as we did in Kamimura et al. (2016).

The present results clearly show that Euborellia sp. 3 of the main islands of Japan
(Honshu, Shikoku, and Kyushu) is a distinct species. After the proposed (and errone-
ous) synonymy of E. minuta and E. stali as E. plebeja (Hebard 1923, 1927), Hebard
(1933) also treated Anisolabis pallipes Shiraki, 1905 as a junior synonym of E. ple-
beja. Steinmann (1989a, b) proposed the same synonymy for A. pallipes. By contrast,
Srivastava (2003) considered A. pallipes a junior synonym of E. annulata (= E. stali).
Accordingly, the names E. plebeja, E. stali, or E. annulata have been used for the
brachypterous Euborellia recorded from the main islands of Japan. However, judging
from the type locality and external appearance of the type material bearing this name,
we resurrect the name Euborellia pallipes (Shiraki, 1905) for our Euborellia sp. 3. Thus,
though many subsequent authors treated (or suggested treating) this species, which
closely resembles our Euborellia sp. 1, as a junior synonym of E. annulata (Srivastava
2003; Nishikawa 2011, 2016, 2020a), E. stali (Nishikawa 1975), or the macropterous
species E. plebeja (Hincks 1947; Nishikawa 1969; Steinmann 1989a, b; Chen and Ma
2004), we consider that our Euborellia sp. 3 is E. pallipes, which is distinct from the
above-mentioned species. Our identification and diagnoses are summarized in Table 2.

Interestingly, our molecular analysis revealed that this species is sister to E. femoralis
(Fig. 6), for which only totally apterous or fully winged individuals have been reported
(Bey-Bienko 1959; Anisyutkin 1998; Kalaentzis etal. 2021). Although Steinmann (1989a,
b) treated the brachypterous species Anisolabis minuta Caudell, 1907 (= E. minuta) as a
junior system of E. fernoralis, this treatment lacks foundation (Srivastava 2003). The iden-
tities of Euborellia samples with abbreviated tegmina from Taiwan, the Nansei Islands of
Japan, Korea, and mainland China, reported under the names E. annulata (Nishikawa

2016), E. pallipes (Shiraki 1928; Bey-Bienko 1936, 1959; Masaki 1936; Cho 1969; Sakai
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Table 2. Diagnostic features of the three brachypterous Euborellia species from East and Southeast Asia.
Female E. annulata and E. pallipes are difficult to distinguish, but the former is usually smaller (Fig. 3).

Traits Euborellia annulata Euborellia philippinensis Euborellia pallipes
(Euborellia sp. 1) (Euborellia sp. 2) (Euborellia sp. 3)
Black markings of legs Markings of mid femur are darker | Markings of mid femur are weaker| ~ In almost same intensity
than those of basal half of tibia | than those of basal half of tibia
Lateral sides of male abdominal Carinated Not carinated Carinated
segments 6 (or 7) to 9
Outer margin of parameres Not strongly angular, rounded Strongly angular Not strongly angular, rounded
Y-shaped area of pigmentation Present Absent Absent

on penis lobes

1970, 1982; Moon and Kim 1983; Kim and Moon 1985), or E. plebeja (Moon and
Kim 1983, 1991; Kim and Moon 1985; Sakai 1987; Chen and Ma 2004), are not deter-
mined at present. Some other brachypterous Euborellia species have also been reported
from South Asia to the Middle East: E. abbreviata Srivastava, 1977 [Indial, E. annandalei
(Burr, 19006) [India], E. manipurensis Srivastava, 1979 [Indial, E. sakaii Steinmann, 1978
[Afghanistan], and E. moesta Géné, 1839 [Iran] (Srivastava 2003; Kocdrek 2011a, b),
relationships of which to the species studied here are totally unclear. Although the pre-
sent study shows the effectiveness of DNA barcoding for specific diagnoses of Euborellia
species, only limited entries are available for the Dermaptera in the sequence data banks.
Examinations of molecular and morphological data are required for additional materials,
as well as rearing experiments for investigating wing polymorphisms.
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Abstract

Monostiliferous nemerteans in the genus Zésastemma Ehrenberg, 1828 are generally characterized as hav-
ing four eyes, and they occur worldwide, from the intertidal zone to the deep-sea bottom. Recent extensive
sampling of Zétrastemma has explored the high species diversity, including many undescribed forms, but phy-
logenic analysis has revealed non-monophyly of the genus. We herein describe three new species of the genus
(T" album sp. nov., T. persona sp. nov., and T. shohoense sp. nov.) from northwestern Pacific waters based on
specimens collected by dredging or by use of a remotely operated vehicle at depths of 116-455 m. Since ana-
tomical and histological characters traditionally used in systematics of the genus are sometimes interspecifically
uniform, a histology-free approach is applied for the species descriptions in this study. To confirm the generic
affiliation of the new species, a molecular phylogenetic analysis based on partial sequences of cytochrome ¢
oxidase subunit I, 16S rRNA, 18S rRNA, 28S rRNA, and histone H3 genes was performed. Our result shows
that all three new species are nested in a subclade formed by species from the North Pacific and American
Adantic, inferring that geographic distribution does not reflect the cladogenesis of Zesastemma. Furthermore,
two Tetrastemma species with a cylindrical stylet basis, 7. freyae Chernyshev et al., 2020 from off the coast of In-
dia and Hawaii and 7. shohoense sp. nov. from Shoho Seamount, Japan, constitute a clade in the resulting tree.
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Deep sea, Eumonostilifera, Japan, marine invertebrate, Monostilifera, Nemertea, Pacific, Tetrastemmatidae
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Introduction

A histology-free description with DNA barcoding has been progressively introduced
to nemertean systematics in the past decade (e.g., Kajihara 2015; Gonzalez-Cueto et
al. 2017; Simpson et al. 2017; Kajihara et al. 2018, 2022; Chernyshev et al. 2020;
Hookabe et al. 2021a, b; Leiva et al. 2021; Abato et al. 2022). This approach has been
applied to two cases, one of which is a description of species with internal characters
interspecifically differentiated and observable without histology (e.g., number of pro-
boscis branches in Gorgonorhynchus Dakin & Fordham, 1931 [Kajihara 2015; Hook-
abe et al. 2021a)]. In the other case, especially when internal morphology is uniform
between most species in a genus, a species description has been performed solely based
on characters examined 7z-vivo (shape of head, body coloration and markings, number
of eyes, blood color, and stylet apparatus) [e.g., Baseodiscus Diesing, 1850 (Kajihara et
al. 2022) and Ororyphlonemertes Diesing, 1863 (Kajihara et al. 2018)]. Recent descrip-
tions of species in the genus Zézrastemma Ehrenberg, 1828, fitting the latter case, have
been performed based on characters of living specimens without histological observa-
tions (Chernyshev et al. 2020; Hookabe et al. 2021b; Abato et al. 2022).

Tétrastemma is a species-rich genus in Monostilifera (Kajihara 2021), currently en-
compassing about 110 species from tropical to polar areas (Chernyshev et al. 2021). As the
generic name suggests—a composite of the Latin feminine “zera” (= four) + “stemma’ (=
simple eyes)-members in the genus are generally characterized by four eyes, but this feature
is also found in other genera. Several species in Zétrastemma were described based on inter-
nal morphology; however, the internal characters were inferred to be almost homogenous
within the genus by taxonomic reappraisal based on molecular phylogeny (Chernyshev et
al. 2021). Recent examples of a histology-free approach based on characteristics studied
in-vivo and molecular data are descriptions of 7. freyae Chernyshev et al., 2020, 7. cupido
Hookabe, Kohtsuka & Kajihara, 2021, and 7. parallelos Abato, Yoshida & Kajihara, 2022.

Here, we establish three new species based on specimens collected in 2019-2021
from the lower sublittoral to upper bathyal zones of Sagami Bay and the Nishi-Shichito
Ridge. The descriptions are histology-free, based on characters of living specimens ex-
amined with a light microscope. To test phylogenetic relationships with the congeners,
we performed molecular phylogenetic reconstruction using partial sequences of the
16S rRNA (16S), cytochrome ¢ oxidase subunit I (COI), 18S rRNA (18S), 28S rRNA
(28S), and histone H3 genes (H3).

Materials and methods

Specimens were collected in 2019-2021 by use of a biological dredge in Sagami Bay
(116-200 m) or a remotely operated vehicle (ROV) on Shoho Seamount of the Nishi-
Shichito Ridge (455 m), northwestern Pacific Ocean. External morphology of the living
specimens was documented on the vessel or in the laboratory with a Nikon D5600 digi-
tal SLR camera equipped with an AF-S DX Micro-NIKKOR 40mm /2.8G macro lens
(Nikon, Japan). A single specimen collected from Shoho Seamount was further observed
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under a compound light microscope by preparing a squeezed specimen with a cover slip
and a glass slide. Specimens were anaesthetized with a few drops of bitterns Tenpi Nig-
ari (Amashio, Japan); after the worms were relaxed, the posterior tips were preserved in
99% ethanol for DNA extraction and the rest of the body was fixed in Bouin’s fluid for
24-48 hours and later transferred to 70% ethanol. Type specimens have been deposited
in the National Museum of Nature and Science, Tsukuba (NSMT), Japan.

DNA extraction, PCR amplification, and sequencing followed Hookabe et al.
(2022). DNA sequences determined in the present study have been deposited in
DDB]J/EMBL/GenBank (Table 1).

Table 1. List of species included in the phylogenetic analysis and DDBJ/EMBL/GenBank accession

numbers for each gene. Country names of each species sampling location are abbreviated as follows: CA =
Canada, JP = Japan, RU = Russia, USA = United States of America, and VE = Venezuela.

Species Sampling location 16S CO1 18S 28S H3 Source
Tetrastemma ‘aequicolor 24 Qul Erineyskaya Inlet, RU MZ231141 MZ216528 MZ231206 MZ231296 MZ216598* Chernyshev et al. (2021)
Tetrastemma ‘aequicolor 25 Qul Erineyskaya Inlet, RU MZ231142 MZ216529 MZ231207 MZ231297 MZ216599* Chernyshev etal. (2021)
Tetrastemma ‘aequicolor 26 Qul Erineyskaya Inlet, RU MZ231143 MZ216530 MZ231208 MZ231298 MZ216600* Chernyshev et al. (2021)

Tetrastemma album sp. nov. Sagami Bay, JP 0Q248525 0Q249697 0Q248517 0Q248520 0OQ248166 Present study
Tetrastemma cupido Sagami Bay, JP OK428649 OK414013 OK428689 OK428648 - Hookabe et al. (2021b)
Tetrastemma nigrifrons CA MZ231144 MZ216531 MZ231209 MZ231299 MZ216601 Chernyshev etal. (2021)

Oregon, USA MZ231145 MZ216532 MZ231210 MZ231300 MZ216602 Chernyshev et al. (2021)
California, USA ~ MZ231146 MZ216533 MZ231211 MZ231301 MZ216603 Chernyshev etal. (2021)

Tetrastemma stimpsoni JP MZ231147 MZ216534 MZ231212 MZ231301 MZ216604 Chernyshev et al. (2021)
RU MZ231148 MZ216535 MZ231213 MZ231303 MZ216605 Chernyshev etal. (2021)
Tturup, RU MZ231149 MZ216536 MZ231214 MZ231304 MZ216606 Chernyshev et al. (2021)
Tetrastemma elegans B2 York River, USA  MZ231156 MZ216543 MZ231222 MZ231312 MZ216614 Chernyshev etal. (2021)
Tetrastemma elegans C2 USA MZ231157 MZ216544 MZ231223 MZ231313 MZ216615 Chernyshev et al. (2021)
Tetrastemma elegans D2 York River, USA  MZ231158 - MZ231224 MZ231314 - Chernyshev et al. (2021)
Tetrastemma enteroplecta AG Florida, USA MZ231159 MZ216546 MZ231225 MZ231314 MZ216616 Chernyshev etal. (2021)
Tetrastemma enteroplecta E3 Florida, USA MZ231160 - MZ7231226 MZ231316 MZ216618 Chernyshev etal. (2021)
Tetrastemma enteroplecta B7 VE MZ231161 - MZ231227 MZ231317 - Chernyshev et al. (2021)
Tetrastemma freyae Hawaii, USA - MT247877 MZ231229 MZ231319 MT247879 Chernyshev et al. (2020)
Tetrastemma merulum F2 Florida, USA MZ231163 MZ216550 MZ231231 MZ231321 MZ216622 Chernyshev etal. (2021)
Tetrastemma merulum H5 Florida, USA MZ231164 MZ216551 MZ231232 MZ231322 MZ216623 Chernyshev et al. (2021)
Tetrastemma persona sp. nov. Sagami Bay, JP  OQ248526 0Q249698 OQ248518 0Q248521 0Q248167 Present study
Tetrastemma reticulatum California, USA  MZ231168 MZ216556 MZ231238 MZ231328 MZ216629 Chernyshev et al. (2021)
Tetrastemma shohoense sp. nov. ~ Shoho Seamount, JP OQ248524 0Q249700 - - - Present study
Tetrastemma sp. F7 Florida, USA MZ231173 MZ216564 MZ231246 MZ231336 MZ216637 Chernyshev etal. (2021)
Tetrastemma sp. GM 1 Gulf of Mexico, USA MZ231175 - MZ231248 MZ231338 MZ216639 Chernyshev etal. (2021)
Tetrastemma sp. GM 2 Florida, USA MZ231176 MZ216565 MZ231249 MZ231339 MZ216640 Chernyshev et al. (2021)
Tetrastemma sp. GM 3 Gulf of Mexico, USA MZ231177 - MZ231250 MZ231340 MZ216641 Chernyshev etal. (2021)
Tetrastemma sp. 1 Tturup, RU MZ231179 - MZ231252 MZ231342 MZ216643 Chernyshev etal. (2021)
Tetrastemma sp. 1P Trurup, RU MZ231180 MZ216567 MZ231253 MZ231343 MZ216644 Chernyshev et al. (2021)
Tetrastemma sp. ] 1'TjS Simushir, RU MZ231182 MZ216570 MZ231256 MZ231346 MZ216647 Chernyshev etal. (2021)
Tetrastemma sp. ] 3TjS Simushir, RU MZ231183 MZ216571 MZ231257 MZ231347 MZ216648 Chernyshev et al. (2021)
Tetrastemma sp. ] 4TjS Simushir, RU MZ231184 MZ216572 MZ231258 MZ231348 MZ216649 Chernyshev etal. (2021)
Tetrastemma sp. M1 Urup, RU - MZ216573 MZ231259 MZ231349 MZ216650 Chernyshev etal. (2021)
Tetrastemma sp. M2 Urup, RU - MZ216574 MZ231260 MZ231350 MZ216651 Chernyshev etal. (2021)
Tetrastemma sp. Ofunato Off Ofunato, JP 0Q248527 0Q249699 0Q248519 0Q248522 OQ248168 Chernyshev etal. (2021)
Tetrastemma sp. S 1TsS Simushir, RU - MZ216575 MZ231261 MZ231351 MZ216652 Chernyshev etal. (2021)
Tetrastemma sp. S 2TsS Simushir, RU — MZ216576 MZ231262 MZ231352 MZ216653 Chernyshev etal. (2021)
Tetrastemma sp. U 13TsU Urup, RU MZ231185 MZ216577 MZ231263 MZ231353 MZ216654 Chernyshev etal. (2021)
Tetrastemma sp. U 18TsU Urup, RU MZ231186 MZ216578 MZ231264 MZ231354 MZ216655 Chernyshev etal. (2021)
Tetrastemma sp. UR Urup, RU MZ231187 - MZ231265 MZ231355 MZ216656 Chernyshev etal. (2021)

*Erroneously registered in GenBank under the taxon name Quasitetrastemma nigrifrons.
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To elucidate phylogenetic positions of specimens examined, we performed
phylogenetic analyses based on the maximum-likelihood (ML) method. The newly
obtained sequences from four 7etrastemma species were aligned using MAFFT .
7 (Katoh and Standley 2013) employing L-INS-i strategy with sequences of other
species in the genus, most of which were recently determined by Chernyshev et al.
(2021). Ambiguous nucleotide sites in the dataset were removed with Gblocks v.
0.91b (Castresana 2000) using a less stringent option, resulting in 380-bp 16S, 626-
bp COI, 1738-bp 18S, 505-bp 28S, and 329-bp H3. The ML analyses were performed
with RAXML-NG (Kozlov et al. 2019), for which the best-fit partition scheme and
substitution model were selected using PartitionFinder v. 2.1.1 (Lanfear et al. 2017).
Nodal support values were derived from 1000 bootstrap pseudoreplicates.

Result
Systematics

Genus Zetrastemma Ehrenberg, 1828

Tetrastemma album sp. nov.
https://zoobank.org/F73378DB-B867-4ABA-A2D7-18CF781D10A7
Fig. 2A-C

[New Japanese name: misaki-oshiroi-himomushi]

Etymology. The species name is derived from the Latin a/bum (white), referring to
pure white body of the new species. The Japanese name is named after the white pow-
der foundation traditionally used by Maiko, Geisha, Kabuki actors in Japan.

Material examined. Holotype: NMST-NE-H-006, unsectioned complete speci-
men except for the posterior tip, fixed in Bouin’s fluid and later preserved in 70% etha-
nol, posterior tip preserved in 99% ethanol, collected on March 12, 2021 by NH, bio-
logical dredge (R/V Rinkai-maru) at depths of 144-200 m, off Jogshima (35°07.41'N,
139°34.11'E-35°07.32'N, 139°33.572'E), Miura, Kanagawa, Japan, NW Pacific.

Description. Head spatulate to rounded in profile (Fig. 2A—C), demarcated by
posterior cephalic furrows from body (Fig. 2A). Before anesthetization, body of a live
specimen 17 mm long and 1.0-1.2 mm wide. Body uniformly pale colored, without
longitudinal or transverse stripe markings (Fig. 2A). Pure white transverse cephalic
patch present between anterior and posterior pairs of eyes (Fig. 2B). Head not wider
than maximum body width (Fig. 2A—C). A pair of cephalic furrows present; anterior
pair not meeting mid-dorsally and ventrally curving anteriorly but not reaching to
proboscis pore; posterior pair V-shaped and barely meeting mid-dorsally (Fig. 2B) and
running transversely on ventral surface (Fig. 2C). Cerebral ganglia and blood not red
and probably uncolored. Internal organs (proboscis, foregut, and intestine) visible as
pale regions. Four reddish brown eyes regular in size (Fig. 2B).
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Type locality and distribution. The species is only known from the type locality,
Sagami Bay, Kanagawa Prefecture, Japan, at depths of 144-200 m (Fig. 1).

Remarks. Having a pure white cephalic patch on a uniformly pale body, 7" album
sp. nov. differs from all the described species. Zetrastemma coronatum (Quatrefages,
1846), T. diadema Hubrecht, 1879, T. olgarum Chernyshev 1998, and 7. pseudocorona-
tum Chernyshev 1998 have white cephalic patches but are distinguished from 7. album
sp. nov. in possessing a light brown to dark transverse band on the head. Zezrastermma
albomaculatum Chernyshev, 2016 also possesses a white cephalic patch but differs from
the new species in having a pale-ochre body dorsally spotted with small white dots
(Chernyshev 2016).

Figure 1. Collection sites of the specimens examined in the present study.
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Tetrastemma persona sp. nov.
https://zoobank.org/E3E48065-E551-477D-9041-89DEE011DEBO
Fig. 2D

[New Japanese name: misaki-kamen-himomushi]

Etymology. The species name is derived from the Latin persona (mask), referring to
a broad cephalic patch of the new species masking eyes and internal organs in head
region. The Japanese name “kamen” means a mask in Japanese.

Material examined. Holotype: NMST-NE-H-07, unsectioned complete speci-
men except for the posterior tip, fixed in Bouin’s fluid and later preserved in 70% etha-
nol, posterior tip preserved in 99% ethanol, collected on July 31 2020 by NH, bio-
logical dredge (R/V Rinkai-maru) at depths of 116-211 m, off Jogshima (35°08.32'N,
139°32.857'E-35°08.40'N, 139°32.504'E), Miura, Kanagawa, Japan, NW Pacific.
Paratype: NMST-NE-P-08, unsectioned complete specimen fixed in Bouin’s fluid and
later preserved in 70% ethanol, collected on the same date and locality as the holotype.

Description. Head slightly narrower than middle part of body and weakly de-
marcated from trunk (Fig. 2D). Before anesthetization, body of a live specimen 7.0—
10 mm long and 0.8-1.0 mm wide. Body uniformly pale to yellow colored without
longitudinal or transverse stripe markings (Fig. 2D). Vermilion-red cephalic patch
spade-shaped (Fig. 2D), covering both anterior and posterior pairs of eyes (Fig. 2D)
but not posteriorly reaching to anterior pair of cephalic furrows; eyes regular in
sizes. A posterior pair of cephalic furrows not well distinguished probably due to
the small body size. Cerebral ganglia and blood not red and probably uncolored.
Internal organs (proboscis, foregut, and intestine) not well visible through body wall.
Rhynchocoel visible as whitish region through body wall, extending about 1/2-2/3
of the body length.

Type locality and distribution. The species is only known from the type locality,
Sagami Bay, Kanagawa Prefecture, Japan, at depths of 116-211 m (Fig. 1, Table 1).

Remarks. 7etrastemma persona sp. nov. has atypically short rhynchocoel in the
genus and most resembles 77 roseocephalum (Yamaoka, 1947) and 1. yamaokai Iwata,
1954 in having a pale body without any markings and a red cephalic patch. Pattern
variation of a cephalic patch (shield shape or horse-shoe shape) was reported in both
1" roseocephalum and 1. yamaokai; referring to the original description of 7" yama-
okai, the name may be a junior synonym of 7. roseocephalum, as suggested by Kajihara
(2007). The external morphology of 7. persona sp. nov. is similar to a form with a
shield-shaped cephalic patch of 7. roseocephalum (Iwata 1954).

The subtle difference in the shape of cephalic patch between 77 persona sp. nov.
(spade-shaped) and 7. roseocephalum (shield-shaped) was supported by our molecular
analysis. The new species did not constitute a clade with 7. roseocephalum but with 7. al-
bum sp. nov. (Fig. 3); 1. roseocephalum belongs to Clade C of Chernyshev et al. (2021).

An uncorrected genetic distance based on 657 bp of COI was 16% between 7. a/-
bum sp. nov. and 1. persona sp. nov., comparable with interspecific values observed
among Monostilifera (e.g., Sundberg et al. 2016; Hookabe et al. 2022).
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Figure 2. Holotype specimens of new Tetrastemma species; photographs were taken in life by NH

A-C T album sp. nov. A complete body, dorsal view B head, dorsal view € head, ventral view D 7. per-
sona sp. nov., complete body, dorsal view E-l 7. shohoense sp. nov. E complete body F head, ventral view
G squeezed specimen under a cover slip, complete body, dorsal view H head, dorsal view | stylet appara-
tus. Abbreviations: acf, anterior cephalic furrow; pcf, posterior cephalic furrow, cg, cerebral ganglia; co,
cerebral organ; pb, proboscis; pp, proboscis pore. Scale bars: 2 mm (A); 500 pm (B, C, G); 1 mm (D, E);
100 um (F, H); 50 pm (I).

Tetrastemma shohoense sp. nov.
https://zoobank.org/9D1CD900-900F-4114-8853-16C480FDD75D
Fig. 2E-1

[New Japanese name: shoho-kakubari-himomushi]

Etymology. The species is named after the type locality, Shoho Seamount of the Nishi-
Shichito Ridge, Japan.
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Material examined. Holotype: NMST-Nem-H-05, unsectioned complete speci-
men except for the posterior tip, fixed in Bouin’s fluid, posterior tip preserved in 99%
ethanol, collected on November 29 2020 by NH, by use of ROV KM-ROV (dive
#123) during KM20-10C cruise of R/V Kaimei, at a depth of 455 m, near the summit
of Shoho Seamount of the Nishi-Shichito Ridge (32°19.39'N, 138°44.48'E), Japan,
NW Pacific.

Description. Head spatulate in profile (Fig. 2E-H), not well demarcated from
body by anterior cephalic furrows (Fig. 2E). Before anesthetization, body of a live
specimen 5.5 mm long and 0.3 mm wide. Background body color generally white,
tinged with bright yellow to orange, and almost transparent (Fig. 2E). Head with a red
rectangle cephalic patch without extending behind a posterior pair of eyes (Fig. 2E, H).
Anterior pair of cephalic furrows present (Fig. 2F) but posterior one not well distin-
guished. Cerebral ganglia and blood uncolored (Fig. 2G, H). Alimentary canals visible
as bright yellow organs through body wall (Fig. 2E). Proboscis pale, extending about
3/4 of the body length (Fig. 2E). Four brown eyes present; anterior pair slightly larger
than posterior ones (Fig. 2H).

Stylet basis cylindrical, 55.0 um in length and 25.0 pm in maximum width; central
stylet smooth, 47.0 um in length; (stylet length) / (basis length) ratio 0.85 (Fig. 2I).
Two accessory stylet pouches present, each containing two stylets (Fig. 21).

Type locality and distribution. The species is only known from the type locality,
Shoho Seamount of the Nishi-Shichito Ridge, Japan, at a depth of 455 m (Fig. 1),
among the sandy sediments on rocky substrates.

Remarks. Having a dark cephalic patch and cylindrical stylet basis and lacking
a longitudinal line on the dorsal surface of the body, 7. shohoense sp. nov. resembles
1 freyae Chernyshev et al., 2020 originally described based on Hawaiian and Indian
specimens. The new species is differentiated from 7. freyae in the color of the cephalic
patch as well as the non-flared posterior margin of the cylindrical stylet basis.

A genetic distance based on COI between 7. shohoense sp. nov. and 7. freyae (speci-
mens from Hawaii (MT247877) and India (MT247878) was 12.6%; the value is
comparable with interspecific values observed among Monostilifera (e.g., Sundberg et
al. 2016; Hookabe et al. 2022).

Molecular phylogeny

The sequence data set for molecular phylogenetic analyses in the present study is pri-
marily based on Chernyshev et al. (2021). Since we confirmed that our new species are
nested in Zerrastemma Clade B of Chernyshev et al. (2021), we used three species in
Clade A (Zetrastemma sp. GM1 Gulf of Mexico, Zetrastemma sp. GM2 USA FL, and
Tetrastemma sp. GM3 Gulf of Mexico) as outgroup taxa (Fig. 3). Clade B was subdi-
vided into two clades with a full support value, one of which was a clade formed by
1. freyae and 1. shohoense sp. nov. The two species are characterized by having a cylin-
drical stylet basis in the proboscis. In the other subclade in Clade B, 7. album sp. nov.
and 7. persona sp. nov. were included (Fig. 3). A clade constituted by newly described
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85 Teu hohoense.sp.nov. Shoho Scamount (JB) 4' cylindrical Clade
T. freyae Hawaii (USA) stylet basis
—————————— T reticulatum California (USA)

94, (Tetrastemma sp. J 1TjS Simushir (RU)

Tetrastemma sp. J 4TjS Simushir (RU)

gs1Tetrastemma sp. J 3TjS Simushir (RU)

T. ‘aequicolor’ 26 Qul Erineyskaya Inlet (RU)

T. ‘aequicolor’ 25 Qul Erineyskaya Inlet (RU)
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Figure 3. A maximum-likelihood (ML) tree based on concatenated sequences of two mitochondrial [16S
rRNA (16S; 380 bp) and cytochrome ¢ oxidase subunit I (COL; 626 bp)] and three nuclear gene markers
[18S rRNA (18S; 1738 bp), 28S rRNA (28S; 505 bp), and histone H3 (H3; 329 bp)]. Numbers near each
node are support values generated by a separate partitioned ML bootstrap analysis with 1000 replicates.
Country names of each species sampling location are abbreviated as follows: CA = Canada, JP = Japan,
RU = Russia, USA = United States of America, and VE = Venezuela.

species, 1. album sp. nov. and 1 persona sp. nov., from Sagami Bay (Japan) with 99%
of BS, was nested in the American Atlantic clade formed by 7. elegans (Girard, 1852)
(Virginia), 1" enteroplecta (Corréa, 1954) (Florida and Venezuela), 7" merulum (Cor-
réa, 1954) (Florida), and Zetrastemma sp. F7 (Florida). The clade formed by 7" album
sp. nov. and 7. persona sp. nov. was sister-related to a clade formed by 77 enteroplecta
(Florida and Venezuela) and Zetrasternma sp. F7 (Florida) with 77% of BS (Fig. 3).

Discussion

Three species herein described (7. album sp. nov., 1. persona sp. nov., and 1. shohoense
sp. nov.) fell within a clade referred to as Zezrastemma Clade B of Chernyshev et al.
(2021) (Fig. 3). One of the findings from the tree is that two species with cylindrical
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stylet basis, 7. freyae and 1. shohoense sp. nov., formed a clade regardless of the dif-
ferences in habitat and collection depths of these two species; 7. freyae was described
based on specimens collected from live corals and mussel beds at depths shallower than
3 m in Hawaii and India (Chernyshev et al. 2020), while 7. shohoense sp. nov. was
found from sandy sediments in bathyal zone in Japan. A cylindrical stylet basis is likely
to be acquired independently at least twice in Clade B (7. freyae and 1. shohoense sp.
nov.) and Clade C (7. albomaculatum and T. parallelos).

The other thing we can see on the phylogenetic tree is that 7. album sp. nov. and
1. persona sp. nov. are nested in a clade formed by several American Atlantic species,
1 enteroplecta, T. elegans, 1. merulum, and Tetrastemma sp. F7 (Chernyshev et al. 2021)
(Fig. 3). A previous molecular analysis has inferred that Zézrastema clade B is subdivided
into geographically distinct structures: North Pacific and American Atlantic subclades
(Chernyshev et al. 2021). To obtain a more accurate picture of Zetrastemma phylogeny
and speciation, again, further sampling of taxa, without bias toward shallow-water spe-
cies, is needed for future phylogenetic analyses.
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Abstract

A new flat bug species, Nesoproxius kishimotoi sp. nov., from the Oceanian region (Ogasawara Islands,
Japan) is described. It is the first brachypterous representative in the genus Nesoproxius. The sexual di-
morphism, nymph, and habitat are also described for the first time in this genus. A key to the species of
Nesoproxius is also provided.

Keywords

Carventinae, nymph, oceanic island, taxonomy, the Ogasawara (Bonin) Islands

Introduction

The Ogasawara (Bonin) Islands, in the northernmost part of Micronesia, are among
the Pacific islands that make up the Oceanian biogeographic region. These subtropi-
cal oceanic islands belonging to Japan are registered as a UNESCO World Natural
Heritage site because of abundant endemic species with unique evolutionary patterns
(UNESCO World Heritage Centre 1992; Government of Japan 2010a). The insect
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fauna of the Ogasawara Islands is also characterized by a high number of endemic
species, accounting for approximately a quarter of the total species of insects on the
islands (Government of Japan 2010a). However, many of these endemic species are en-
dangered (Ministry of the Environment 2015) because of the various threats they face,
such as damage caused by the invasive green anole (Anolis carolinensis Voight, 1832)
and adverse climatic conditions, including a drying trend and severe drought (Yoshida
and lijima 2009; Karube 2014; Karube et al. 2019).

Many undetermined species have recently been discovered, with some of them
having been described as new endemic species (Ishikawa 2009; Ishikawa and Karube
2020; Souma and Kamitani 2020; Polhemus and Yasunaga 2021; Souma 2022), im-
plying that the insect fauna of the Ogasawara Islands is insufficiently known. Two
undetermined flat bug (Aradidae) species have been found to date (Government of
Japan 2010b), and one of them, Carventus sp., has only been found so far in Chichi-
jima Island. However, we have confirmed that the undetermined species belongs to the
genus Nesoproxius, and not Carventus (unpublished).

Nesoproxius Usinger & Matsuda, 1959, a genus within the flat bug subfamily Car-
ventinae, was originally established as a subgenus of Proxius Stil, 1873 and then up-
graded to its current rank by Kormilev and Froeschner (1987). At present, nine species
have been described from the Philippines to New Guinea, and an unidentified species
has been recorded from the Ryukyu Islands, Japan (Kormilev 1983; Kormilev and Froe-
schner 1987; Nagashima and Shono 2012; Ishikawa 2016), thereby indicating that all
known species are distributed in the Oriental and Australian regions. Additionally, all
species in the genus exhibit macropterous features, which are rare among the genera in
the subfamily Carventinae, as most of its members show apterous characteristics. How-
ever, all specimens from the undetermined species in the Ogasawara Islands showed
brachypterous features, which helped us arrive to the conclusion that it is an unde-
scribed species with brachypterous wings. Therefore, we describe Nesoproxius kishimotoi
sp. nov. as the first brachypterous and Oceanian species belonging to Nesoproxius. We
also provide a description of the nymphs and information on the habitat of this new
species, as well as an identification key to species to facilitate identification.

Materials and methods

Most of the data were obtained from field surveys conducted by the first author in three
of the Ogasawara Islands (Chichijima, Anijima, and Ototojima islands) during 2021 and
2022. These surveys which were part of a biodiversity monitoring program in a series
of green anole control projects executed by the Ministry of the Environment in Japan.
The remaining analyzed specimens were provided by our collaborators. Dried specimens
were used for morphological observations, which were performed using a stereoscopic
microscope (Olympus SZX7 and Leica M165C). All measurements were performed us-
ing a micrometer eyepiece and provided in millimeters. Illustrations were made using a
stereoscopic microscope (Leica M165C) with the aid of a drawing tube (Figs 5, 6, 8).
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Photographs of the specimens were taken using a digital camera (Canon EOS
5D Mark IV) with a Canon MP-E 65 mm {/2.8 1-5x macro lens (Figs 1, 3, 7), and
photographs of habitats and living individuals were taken using either of two cam-
eras: a Canon EOS 90D with a Laowa 100 mm F2.8 2x Ultra Macro APO lens or
an Olympus EM-1 Mark II with a M. Zuiko digital ED 12-200 mm F3.5-6.3 lens
(Figs 4, 9). Photographs of the specimens were focus-stacked using Helicon Focus 7
(Helicon Soft Ltd), and all illustrations, photographs, and images were edited using
Adobe Photoshop CC (Adobe Inc.). The distribution map was created and modified
by the authors with the aid of SimpleMappr (Shorthouse 2010) (Fig. 10A) and us-
ing GSI maps (Fig. 10B). Finally, the terminology used here follows that of Usinger
and Matsuda (1959) and Kormilev (1968), and scientific names of plants are based
on Yonekura and Kajita (2003). The specimens studied here were deposited at the
Laboratory of Entomology, Tokyo University of Agriculture, Atsugi, Japan (TUA) and
Kanagawa Prefectural Museum of Natural History, Odawara, Japan (KPMNH).

Taxonomy

Genus Nesoproxius Usinger & Matsuda, 1959

Nesoproxius Usinger & Matsuda, 1959: 113 (as subgenus of Proxius); upgraded to the
generic rank by Kormilev and Froeschner (1987). Type species by original designa-
tion: Proxius (Nesoproxius) minutus Usinger & Matsuda, 1959.

Remarks. Nesoproxius was previously diagnosed as a macropterous genus (Usinger and
Matsuda 1959; Kormilev 1968, 1970, 1978). A brachypterous morph was found in
this genus for the first time in the new species described below.

Nesoproxius kishimotoi Shimamoto & Nagashima, sp. nov.
https://zoobank.org/D2E26489-AF11-4034-B75E-F8CC78CBFAB7
Figs 1-9

Japanese name: Ogasawara-shiro-hiratakamemushi
Carventus sp.—Government of Japan 2010b: 208.

Type series. Holotype: &, “Japan, Ogasawara Islands, Ototojima Island, southwest
of Ainosawa, 27.1587°N, 142.1894°E, alt. ca 160 m, 11.VIL.2021, Shusuke Shima-
moto” (TUA).

Paratypes (5 & 12 9): Jaran, Ogasawara Islands: Chichijima Island: 1 @,
Renju-dani, 7.111.1999, Toshio Kishimoto (TUA); 2 & 3 9, Renju-dani, 3.111.2022,
Shusuke Shimamoto (KPMNH); 1 &, Nishi-kaigan, 20.V1.1999, Toshio Kishimoto
(TUA). Ototojima Island: 29, same data as holotype (TUA); 1 &' 3 @, southwest of
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Figure 1. Nesoproxius kishimotoi sp. nov. A, B male holotype C, D female paratype A, € dorsal view
B, D ventral view.
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"I spiracle ViI

Figure 2. Nesoproxius kishimotoi sp. nov., paratypes A, B head, pronotum, and scutellum, dorsal view A male
B female C ventral view of head and pronotum D, E apical part of abdomen, dorsal view D male E female.

Ainosawa, 27.1591°N, 142.1899°E, alt. ca 160 m, 17.VI1.2021, Shusuke Shimamoto
(TUA); 1 & 3 Q, southwest of Ainosawa, 27.1591°N, 142.1899°E, alt. ca 160 m,
18.VI1.2021, Shusuke Shimamoto (TUA).

Additional specimens examined. Nymphs (2 spec.): JaraN, Ogasawara Islands:
Ototojima Island: 1 spec. (fourth instar), same data as holotype (TUA); 1 spec. (fifth
instar), southwest of Ainosawa, 27.1591°N, 142.1899°E, alt. ca 160 m, 18.VII1.2021,
Shusuke Shimamoto (TUA).

Diagnosis. This new species is the only brachypterous species in this genus, and it
can be distinguished from all other Nesoproxius species by a combination of the follow-
ing characters: body length approximately 3.0-3.5 mm; incrustation of body surface
ocher; head vertex only slightly longitudinally raised; pronotum with only a slightly
convex median ridge; scutellum trapezoidal without a median ridge; and abdomen
with a relatively smooth margin.

Description. Male (holotype) (Figs 1A, B, 5A, B). Body reddish brown, mostly
covered with punctured ocher incrustations; brachypterous. Head slightly shorter than
width across eyes; genae produced over tip of clypeus, slightly shorter than antennal
segment I, contiguous to each other in front of clypeus; antenniferous lobes bluntly
produced at apex, with parallel outer margins; postocular margins subparallel; postero-
lateral angles subangular, reaching level of outermost point of eye in dorsal view; vertex
slightly raised longitudinally. Labium not reaching level of posterior margin of head in
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median ridge
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Figure 3. Nesoproxius kishimotoi sp. nov., male paratype, dorsolateral view A habitus B pronotumand
scutellum C apical part of abdomen.

D

Figure 4. Living individuals of Nesoproxius kishimotoi sp. nov. A, B adult female C same, feigning death
D fourth instar nymph.
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Figure 5. Nesoproxius kishimotoi sp. nov., paratypes A, B habitus, dorsal view A male B female C, D habi-
tus, ventral view € male D female E left antenna, male F, G hemelytra, dorsal view F male G female H, I api-
cal part of abdomen, dorsal view H male I female J, K apical part of abdomen, ventral view ] male K female.

ventral view. Antennae 1.3 times as long as width across eyes; approximate proportion
of segments I-IV 1.0: 0.7: 1.0: 1.1.

Pronotum 1.9 times as wide as its length on midline, 1.3 times as long as head (ex-
cluding neck) on midline; anterior lobe strongly incrusted, with median ridge weakly
inflated and slightly projected anteriad, and with four pairs of ovate smooth depres-
sions; anterior margin slightly arched forward beyond collar at lateral one-third; ante-
rolateral angles rounded, not projected beyond collar; lateral margins of anterior lobe
convex and sinuate; posterior lobe weakly incrusted; lateral margins of posterior lobe
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convex anteriorly, then posteriorly concave; posterior margin weakly projected poste-
riorly. Scutellum trapezoidal, 0.4 times as long as its basal width, widely incrusted and
elevated along lateral margins, with lateral margins straight and apex slightly rounded;
median ridge thinly incrusted, slightly elevated basally; lateral incrusted fields isosceles
triangular. Metanotum slightly visible behind apex of scutellum in dorsal view. Heme-
lytron reaching basal part of mediotergite I+1I; corium reaching basal half of scutel-
lum, projected laterally beyond lateral margin of metanotum, with posterolateral angle
reflexed; hemelytral membrane rugose.

Abdomen 1.4 times as long as its maximum width, with subparallel lateral margins.
Mediotergite I+II mostly covered with incrustation, provided with a pair of smooth
depressions laterally; mediotergites III-VI fused, weekly elevated longitudinally on
midline, mostly covered with four inner pairs and three outer pairs of incrustations;
inner paired incrustations each with a round smooth depression, and outer paired
incrustations reaching lateral margins of respective mediotergites; mediotergite VII
covered with incrustations anteriorly and laterally. Dorsal laterotergites mostly covered
with incrustations, each with two round callous spots and callous outer anterolateral
angle; dorsal laterotergite II+I11 slightly protruding at middle (posterolateral angle of
original dorsal laterotergite II) and at posterolateral angle; posterolateral angles of dor-
sal laterotergites IV-VI not protruding; outer margin of dorsal laterotergite VI slightly
angulated posteriorly; dorsal laterotergite VII posteriorly protruding and subangular,
reaching level of tip of paratergite VIII in dorsal view, not reaching level of tip of py-
gophore. Sternite I+II covered with incrustation; sternites III-VT reticulately incrusted
with small to large callosities; sternite VI with a pair of circular humps medially; ster-
nite VII less incrusted, elevated posteromedially, with a pair of subtriangular humps
medially. Paratergite VIII rhomboid, angulated posteriorly, reaching level of basal two-
thirds of pygophore. Spiracles II-V ventral, spiracles VI and VII lateral, visible in dor-
sal view, spiracle VIII dorsolateral, visible in dorsal view.

Pygophore (Figs 2D, 5H) acorn-shaped, slightly shorter than its width, incrusted
in basal half, scabrous in apical half.

Female (Figs 1C, D, 2B, E, 5B, D, G, I, K). Generally similar to male, larger than
male in general; anterolateral angles of pronotum less projected; abdomen with rela-
tively rounded lateral margins; tergite VIII subangular, nearly reaching level of basal
two-thirds of paratergite IX; paratergite IX rectangular, posteriorly tricuspidate.

Variation (Fig. 6). The extent of incrustations on the body surface varies among
individuals as follows: posterior lobe of pronotum not incrusted (Fig. 6C, G) to
completely incrusted (Fig. 6D); median part of scutellum not incrusted (Fig. 6C,
E G) to mostly incrusted (Fig. 6D); incrustations of mediotergites I+II and III-VI
reduced (Fig. 6D, E) to highly developed (Fig. 6A-C, F-H); glabrous callosities of
mediotergite VII commonly fused into one large smooth area (Fig. 6B, C) or rarely
separated (Fig. 6A) in male, and commonly separated (Fig. 6D, E, G, H) or rarely
fused (Fig. 6F) in female.

Measurements [in mm, & (holotype and paratypes; 7 = 5), holotype in parenthe-
ses | § (paratypes; 7 = 5)]. Body length 2.85-3.06 (2.88) / 3.06-3.47; head length
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light gray:
covered with incrustation

dark gray:
not covered with incrustation

Figure 6. Nesoproxius kishimotoi sp. nov., paratypes, variation of incrustation on head, pronotum, scutel-
lum, and mediotergites, dorsal view A=C male D—-H female.

0.48 (0.48) / 0.48-0.57, width across eyes 0.55-0.57 (0.57) / 0.50-0.61; length of
antennae 0.69-0.72 (0.72) / 0.70-0.80; pronotum length 0.61-0.64 (0.64) / 0.61-
0.70, width 1.07-1.16 (1.11) / 1.11-1.20; scutellum length 0.32-0.36 (0.32) /
0.30-0.55, width 0.61-0.80 (0.80) / 0.68-0.93; abdomen length 1.55-1.64 (1.64) /
1.55-1.84, width 1.18-1.30 (1.27) / 1.30-1.41; pygophore length 0.23-0.25 (0.23),
width 0.32-0.34 (0.32).

Nymph (Figs 7, 8). Fifth instar. Body generally beige; clypeus, vertex and poste-
rolateral angles of head, lateral margin of thorax and abdominal segments, and center
of tergites IX and X greyish beige; body length 3.3 mm; dorsum with continuously
granules bearing a pubescence on apex; margin of body with larger granules bearing
a longer and more erect seta on apex; head 0.6 times as long as its width on midline;
antennal segment IV longest; pronotum provided with a pair of depressions, each de-
pression with five small pits; mesonotum with a pair of smooth depressions, wing pad
rounded at apex, reaching basal half of metanotum; metanotum with a pair of smooth
depressions; abdominal tergites II-VI mostly not segmented; tergites I-VIII each with
1—4 pairs of round or ring-shaped depressions; two dorsal scent gland openings promi-
nent on midline of tergum, anterior opening conspicuous and located on segment IV,
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Figure 7. Nymphs of Nesoproxius kishimotoi sp. nov. A fourth instar, dorsal view B fifth instar, dorsal view.

posterior opening more reduced than anterior opening and located on segment V; seg-
ment IX with a pair of posteriorly elongated processes; segment X tube-shaped.

Fourth instar. Generally similar to fifth instar but body generally dark gray, both
sides of head beige; body length smaller, 2.6 mm; setae arising from margin of body
relatively longer than fifth instar.

Remarks. This new species is the first one to exhibit a brachypterous condition
in Nesoproxius; all specimens examined showed brachypterous features, and none ex-
hibited an apterous or macropterous condition. Even excluding the characteristics of
brachypterous wings, this new species can be easily distinguished from other Nesoproxius
species by the relatively low development of the median ridges on the pronotum and
scutellum, as well as the relatively smooth abdominal margin. The unique character-
istics of this new species may have been acquired through the long-term isolation in
the Ogasawara Islands, which are far from New Guinea, the center of the geographic
distribution of the genus.
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Figure 8. Fifth instar nymph of Nesoproxius kishimotoi sp. nov., dorsal view.

In this study, we also clarified for the first time that sexual dimorphism in this
Nesoproxius species is manifested in the pattern of incrustations, particularly those on
mediotergite VII. Previous studies have described and illustrated this characteristic;
however, all known species have been described based on one or two individuals, most
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-

Figure 9. Habitats and living individuals of Nesoproxius kishimotoi sp. nov. A, B Habitat in Ototojima
Island €, D decayed fallen branches of Schima wallichii mertensiana, of which the type specimens were
collected E adult male, dorsal view F ditto, dorsolateral view G adult female, feigning death H fourth
instar nymph, dorsolateral view.
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Figure 10. Distribution map of Nesoproxius kishimotoi sp. nov. A location of the Ogasawara Islands B de-

tail distribution in the Ogasawara Island, red circle = holotype locality; blue triangles = paratype localities.

of which were females (Usinger and Matsuda 1959; Kormilev 1968, 1970, 1978);
therefore, identifying and describing species of this genus are necessary considering the
existence of incrustations that might be the indicators of sexual dimorphism.

Moreover, this is the first time that nymphal stages have been described for
Nesoproxius species. The body of the nymph is covered with sparse pubescence on the
dorsal surface; however, it does not show the incrustations found in adults. In addition,
as setae on the body margin are longer in 4™ instar than in 5* instar nympbhs, they pos-
sibly are relatively longer in younger instars.

Etymology. The specific name is after Toshio Kishimoto, the first collector of
this species.

Distribution (Fig. 10). Japan: the Ogasawara Islands (Chichijima and Ototo-
jima islands).

This new species, endemic to the Ogasawara Islands, represents the northernmost
occurrence reported for Nesoproxius, which is far from the distribution of its congeners,
and it is the first representative in this genus from the Oceanian region.
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Habitats and biology (Figs 4, 9). The new species inhabits the relatively humid
forest floor of forests with tall trees, dominated by Schima wallichii mertensiana (Sie-
bold & Zucc.) Bloemb. (Theaceae). However, despite our repeated field surveys, this
flat bug was not found in Anijima Island, located between Chichijima and Ototojima
islands (where the species inhabits), likely because, unlike the other two islands, it is
entirely covered by sclerophyllous shrubs and has a dry forest floor. Therefore, it seems
likely that a dry environment such as found Anijima Island is not suitable for the
N. kishimotoi sp. nov. For this species to persists, maintaining the good condition of
the ecosystems on Chichijima and Ototojima islands is necessary; however, frequent
droughts in recent years may pose a challenge by negatively impacting the habitat of
this species.

Nesoproxius kishimotoi sp. nov. was collected from the undersurface of decayed
fallen branches of Schima wallichii mertensiana on the forest floor. Both adults and
nymphs moved very slowly and frequently feigned death with folded legs and anten-
nae. As the adults and nymphs were found together on the same branches, they all
seem to inhabit the same cluster; however, their habitat range seems to be limited and
scattered. The reason for this is not clear; however, it is possible that the severe damages
to the soil ecosystem caused by predation by alien nemertines in the Ogasawara islands
(Shinobe et al. 2017) reduce flat bug populations. Lastly, and as mentioned previously,
to conserve this evolutionarily important and unique flat bug species in the Ogasawara
Islands, preventing droughts and eliminating predatory alien species are necessary.

Key to species of the genus Nesoproxius (based on Kormilev 1968, 1970,
1978, 1983)

1 Small species, less than 3.5 MMi...ccoiiiiiiiiie e 2
— Larger species, over 4.0 MM ......ocoiiiiiiiiiiiiiiiiiccc e 5
2 Median ridge of scutellum clearly elevated as a T-shape..........ccccccovvreinnnnne. 3
- Median ridge of scutellum slightly elevated basally or clearly elevated longitudi-

DALY e 4
3 Median ridge of scutellum contiguous with lateral incrusted fields posteriorly ..

......................................................................... N. constrictus Kormilev, 1978
- Median ridge of scutellum not contiguous with lateral incrusted fields posteri-
OILY o N. gracilis Kormilev, 1968
4 Anterior margin of pronotum straight; anterior angles of pronotum not pro-
jected; scutellum triangular, with median ridge clearly elevated along midline
WhOll . N. minutus Usinger & Matsuda, 1959
- Anterior margin of pronotum sinuate; anterior angles of pronotum projected
beyond collar; scutellum trapezoidal, with median ridge slightly elevated me-
diobasally ...c.cccoevieiiriniice N. kishimotoi sp. nov.
5 Median ridge of pronotum strongly inflated, overlapping with base of head.......6
- Median ridge of pronotum slightly inflated, not overlapping with base of
head ..o 8
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6 Spiracle VIII lateral .......cccooeevviniiiiininiciiinnne N. malayensis Kormilev, 1983
- Spiracle VIIT dorsal ......cc.coueiiiniiiiiiiiiiiieiiccneeeecee e 7
7 Median ridge of vertex subtriangular; median ridge of pronotum truncate pos-

EELIOTLY v N. vietnamensis Kormilev, 1968

- Median ridge of vertex ovate; median ridge of pronotum angulate posteriorly...
........................................................................ N. yoshimotoi Kormilev, 1970

8 Pronotum hexagonal; posterior angle of abdominal segment VII of female not
reaching tip of paratergite ..........ccoeueueueicnne. N. hexagonalis Kormilev, 1968
- Pronotum subrectangular or trapezoidal; posterior angle of abdominal segment
VII of female reaching or exceeding tip of paratergite ..........cccccceevveruvuercueenne. 9
9 Pronotum subrectangular, without a projection on lateral margin; posterior an-

gle of abdominal segment VII of female not produced into a long spine............
....................................................................... N. punctulatus Kormilev, 1968
- Pronotum trapezoidal, with a projection on lateral margin slightly before mid-
dle; posterior angle of abdominal segment VII of female produced into a long
SPIIIE 1ttt N. angulatus Kormilev, 1968
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Abstract

The blattid cockroach Periplaneta arabica (Bey-Bienko, 1938) has been poorly understood since its origi-
nal description. In this study, male and female (including nymph) of P arabica are paired using DNA
barcoding, and their morphological characters (including both external characteristics and genitalia) are
described. A detailed comparative morphological study of this species and the closely related Periplaneta
americana (Linnaeus, 1758) and Periplaneta lateralis Walker, 1868 was carried out to explore phylogeneti-
cally relevant characters.
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Introduction

According to Beccaloni (2014), the Blattinae genus Shelfordella Adelung, 1910 com-
prised three species before it was synonymized with Periplaneta (Deng et al. 2023).
The taxonomic status of Shelfordella remains unclear even though several revisions
were carried out by Princis (1954) and Bohn (1985) based on the external mor-
phological characters. In addition, many molecular phylogenetic studies (Legendre
et al. 2015; Bourguignon et al. 2018; Arab et al. 2020; Liao et al. 2021; Djernzs
and Murienne 2022; Li et al. 2022; Deng et al. 2023) have shown that Periplanera
americana (Linnaeus, 1758), the type species of Periplaneta Burmeister, 1838, is the
sister species to Sh. lateralis (Walker, 1868). Considering both molecular data and
morphological characters of male genitalia of P americana and Sh. lateralis, Shelfordella
was considered as a synonym of Periplaneta (Deng et al. 2023), resulting in the restora-
tion of Periplaneta lateralis Walker, 1868 and Periplaneta monochroma Walker, 1871,
and the transference of Shelfordella arabica Bey-Bienko, 1938 to Periplaneta. Periplan-
eta arabica was originally described with a female specimen as its type, and the male
has not been described.

DNA barcoding has been confirmed to be a helpful tool in discovery of new spe-
cies, matching nymphs with adults, and revealing sexual dimorphism and cryptic spe-
cies in cockroaches (Evangelista et al. 2013; Che et al. 2017; Yang et al. 2019; Li
et al. 2022; Zhu et al. 2022). Herein, we use DNA barcoding to pair male, female
and nymphs of P arabica, allowing a comprehensive redescription of this species.
We also take the opportunity to compare the morphological characters of P arabica,
P americana and P lateralis, to show the structural complexity and diversity of species
of Periplaneta s.s., as well as to provide detailed information useful for future phyloge-
netic studies on the genus.

Material and methods

Morphological study

Specimens (stored in absolute ethanol at -20 °C) examined are deposited in the Insti-
tute of Entomology, College of Plant Protection, Southwest University, Chongging,
China (SWU). Abdominal segments were soaked in 10% NaOH solution at 70 °C
for 10 minutes. They were cleaned in distilled water, dissected in glycerol under a
Motic K400 stereomicroscope, then stored in glycerol. Photographs were taken using a
Canon M5 plus a Laowa 65 mm F2.8 CA-Dreamer Macro 2X Macro lens attached to
a Leica M205A stereomicroscope. All figures were modified in Adobe Photoshop CC
2019. The morphological terminology used in this paper mainly follows Roth (2003).
The terminology of veins follows Li et al. (2018), and those of the sclerites of male
and female genitalia mainly follows Klass (1997) and McKittrick (1964), respectively.
Measurements were obtained by Vernier Caliper.
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Abbreviations used are as follows:

Cu cubitus

CuA cubitus anterior

CuP cubitus posterior

hlap process (p) of hook of L3

M media

Pcu postcubitus

R radius

RA radius anterior

RP radius posterior

ScP subcostal posterior

V, V[1], V[s] vannal veins

L1, L2, 13, L4C, L4D, L4E L4G  sclerites of the left phallomere
R1G, R1H, R1E R2, R3 sclerites of the right phallomere

DNA extraction, amplification and sequencing

Total DNA extraction was obtained from muscle tissue using the Hipure Tissue DNA
Mini Kit, and the remaining specimens were stored in 95% ethanol. The primers used
to amplify the 658 bp cytochrome ¢ oxidase subunit I (COI) fragment were COI-F2
(5’- CAACAAATCATAAAGATATTGGAAC-3’) and COI-R2 (5’- TAAACTTCTG-
GATGACCAAAAAATCA -3°) or COI-F3 (5- CAACYAATCATAAAGANATTG-
GAAC -3’) and COI-R3 (5-TAAACTTCAGGGTGACCAAARAATCA-3’) (Yang et
al. 2019). The amplification reaction was in according to the protocols in Wang et al.
(2021). The cycling conditions were as follows: initial denaturation at 98 °C for 2 min,
followed by 35 cycles of 98 °C for 10's, 49-51 °C for 10's, 72 °C for 10 s, and a final
extension at 72 °C for 10 min. The PCR products were then sequenced by BGI Tech-
nology Solutions Co. Ltd (BGI-Tech) (Beijing, China).

Sequence processing and molecular analysis

A total of 25 COI sequences were analyzed, of which, 17 sequences were from three Peri-
planeta species (i.e., six sequences of P arabica, five sequences of P americana and six se-
quences of P lateralis) (Table 1). Sequences were aligned by MAFFT ver. 7 (https://mafft.
cbrc.jp/alignment/server/) with the G-INS-i strategy (Katoh et al. 2019), and manually
adjusted using MEGA ver. 7.0.26 (Kumar et al. 2007). The intra- and interspecific genet-
ic distances were quantified in MEGA based on the Kimura 2-parameter (K2P) distance
model (Kimura 1980) (Suppl. materials 1, 2). The maximum likelihood (ML) tree was
constructed in IQ-TREE ver. 1.6.8 (Nguyen et al. 2015) with 10,000 ultrafast boot-
strap replicates; the partition scheme and best-fitting substitution models (COI_pos 1,
TRN+I+G; COL_pos 2, TVM+I; COL_pos 3, HKY+1+G) were selected in PartionFinder
ver. 2.1.1 (Lanfear et al. 2017) by the corrected Akaike Information Criterion (AICc).
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Table 1. Samples used in ML analyses with localities, voucher numbers, and accession numbers (bold
represent the new sequences). Abbreviations: young nymph (YN); late nymph (LN).

Species Voucher number Locality/References Accession Number
Periplaneta arabica 1213(YN), 1208(%), YL1({), SYL Dehloran, Ilam, Iran OP727639 to OP727640 and

(&), Shelarab1211(LN), YL2(Q) OP727649 to OP727652

Periplaneta americana Bahamas: Exuma, Staniel MK936745
(Pringle et al. 2019)

1416(3), Yuanjiang, Yunnan, China OP727642

1124(3), 1417(9) Mt Diaoluo, Hainan, China OP727638 and OP727643
1415(%9) Meizhou Island, Fujian, China OP727641

Periplaneta lateralis 2401(3), 2430(9), 2433(9), Laboratory Rearing (online shopping)  OP727644 and OP727648

2435(%), 2440(%)
Breeds of Kyle Kandilian MG882183
(Bourguignon et al. 2018)

Blatta orientalis — Bourguignon et al. (2018) MG882174
Periplaneta brunnea - Bourguignon et al. (2018) MG882182
Periplaneta fuliginosa - Ma et al. (2019) MF149696
Periplaneta australasiae - Ma et al. (2019) MH184379
Cryptocercus meridianus - Lietal. (2017) MG518617
Tryonicus mackerrasae - Bourguignon et al. (2018) MG882205
Hebardina concinna — Deng et al. (2023) ONG645482
Mantis religiosa - Ye et al. (2016) NC030265

Results
Molecular analysis

In this study, we used six COI sequences of 2 arabica, five COI sequences of R americana
and six COI sequences of P lateralis. All new sequences were deposited in GenBank
with accession numbers OP727638 to OP727652. Intraspecific COI genetic divergence
(K2P) of P arabica and P lateralis is 0%, but for P americana, the intraspecific COI
genetic divergence ranged from 0.00% to 2.30%. Interspecific COI genetic divergence
ranged from 9.9% (P arabica and P americana) to 13.1% (P americana and P lateralis).

In our ML analyses, samples including adults and nymphs from the same mor-
phospecies are clustered together with high support values (Fig. 1). Periplaneta arabica
was recovered as the sister to 22 americana on the basis of COI data but with a rather
low support (bootstrap support (BS) = 79). These three species (i.e., 2 arabica, P later-
alis and PR americana) formed a monophyletic group with Blatta orientalis as the sister
(BS =79 and 60, respectively).

Taxonomy

Genus Periplaneta Burmeister, 1838

Periplaneta Burmeister, 1838: 502. Type species: Periplaneta americana (Linnaeus,
1758). Shelford 1910: 17; Bey-Bienko 1950: 116; Princis 1966: 404; Asahina
1980: 103; Roth 1999: 168.

Cacerlaca Saussure, 1864: 71; Princis 1966: 405.

Paramethana Shelford, 1909: 309; Princis 1966: 473.

Shelfordella Adelung, 1910: 329; Princis 1966: 507; Bohn 1985: 39.
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ONG645482 | Hebardina concinna

MF149597 | Periplaneta brunnea

MH184379 | Periplaneta australasiae

MG882174 | Blatta orientalis

eta arabica

eta americana

MF149696 | Periplaneta fuliginosa

MG882205 | Tryonicus mackerrasae

L—— MG518617 | Cryptocercus meridianus

NC030265 | Mantis religiosa

0.5
Figure |. Maximum likelihood (ML) tree derived from COI sequences with 10,000 ultrafast boot-

strap replicates.

Diagnosis (based on species covered in this paper; Periplaneta s.s.). Sexual dimor-
phism indistinct or distinct. Pronotum subelliptical in male, subelliptical or campani-
form in female. Tegmina and wings well developed in male, developed or reduced in
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female. Legs slightly slender. Abdomen with the first tergite unspecialized in male.
Hind margin of supra-anal plate hyaline and concave in the middle; cerci long, api-
cally tapering. Hind margin of subgenital plate slightly convex. Genitalia of male: 1.1
weakly sclerotized with pubescence; hind margin of L4C nearly truncated; the caudal
part of L2 with a long spine toward right; L3 with hlap weakly developed; the basal
part of L4G constrict. R1H with two long spines at apex; the caudal part of R1G
with a long and curved spine toward right. Genitalia of female: Anterior arch (a.a.)
with two symmetrical foot-shaped projections; spermathecal plate (sp.pl) nearly cres-
cent-shaped; the enlarged part of spermatheca (sp.) curved, subelliptical or irregular;
basivalvulae (bsv.) subelliptical; laterosternal shelf (Itst.sh.) with postero-lateral angle
extended towards outer margin.

Periplaneta arabica (Bey-Bienko, 1938)
Figs 2, 3, 4 (in part), 5 (in part), 6

Shelfordella arabica Bey-Bienko, 1938: 235 (Type locality: Mecca, Saudi Arabia); Bohn
2007: 87.
Blatta (Shelfordella) arabica: Princis 1966: 509.

Material examined (all deposited in SWU). 6 males, 2 females and 7 nymphs;
IRAN; Ilam Province: Dehloran county, near the border with Iraq, surroundings of
Changuleh [33°0'49.37"N, 46°36'38.63"E, approximate coordinates], unnamed cave,
I1. 2020, A.H. Aghaei leg.

Diagnosis. Combining the following characteristics, this species is easily distin-
guished from its congeners: 1) interocular space slightly wider than the interocellar
space and less than interantennal space in male, interocular space wider than interan-
tennal space in female; 2) tegmina of female reduced and nearly square; 3) legs slender,
pulvilli and arolia absent; 4) hind margin not extending outward and slightly concave
in the middle, forming an obtuse angle in supra-anal plate of male; 5) caudal part of
L2 with a well sclerotized spine; 6) hlap weakly developed, but larger than that of the
other two species; 7) distal part of R1H with two long spines and no serration.

Redescription. Measurements (mm). Male. Body length including tegmen:
30.6-36.4; body length: 24.2-27.3; pronotum length x width: 6.7-7.7 x 7.2-7.7;
tegmen length x width: 24.9-29.2 x 4.6-5.4. Female. Body length: 23.5-25.5; pro-
notum length x width: 6.4-6.8 x 6.6-7.2; tegmen length x width: 4.4-6.4 x 6.6-7.3.

Coloration. Body brown or reddish brown, eyes black, ocelli white; tegmina and
wings yellowish brown.

Male (Fig. 2). Head and thorax. Vertex exposed. Interocular space slightly wider
than the interocellar space, less than interantennal space. Antenna longer than the body
(Fig. 2C). Pronotum subelliptical, with surface sparsely pubescent, the central part of
anterior margin depressed, and hind margin slightly convex, the widest point approxi-
mately in the middle (Fig. 2D). Tegmina and wings well developed, exceeding the end
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of abdomen by about 5.3-7.7 mm. Tegmina with ScP strong, the distal part fusing
with anterior branches of R; anterior branches of R with 2—4 bifurcations, posterior
branches reaching the outer margin; the base of M distinct with 2—4 bifurcations; CuA
slender with a few branches; V indistinct (Fig. 2J). Wings with ScP slender, the distal
part of RA indistinct, RP slightly strong and distinct; M with 23 bifurcations at the
end; CuA strong; V distinct (Fig. 2K). Legs (Fig. 2E-]) slender. Front femur type A,
(Fig. 2E). Hind metatarsus longer than the remaining segments combined (Fig. 2H).
Pulvilli and arolia reduced; claws symmetrical (Fig. 21). Abdomen. First tergite unspe-
cialized. Supra-anal plate transversely broad, the lateral margins curved, and the hind
margin slightly concave in the middle; the distal part less sclerotized and hyaline (Fig.
2L). Paraprocts (pp.) long strip-shaped and symmetrical. Cerci long, apically taper-
ing. Subgenital plate nearly square, the hind margin slightly convex (Fig. 2M). Styli
long, slender. Genitalia (Fig. 2N, O). L1 weakly sclerotized with pubescence. L4C
with microspines on the lateral margin; the distal part expanded, hind margin nearly
truncated. L2 curved and extended to left, the caudal part with a long spine toward
right. L4D small (Fig. 20). L4E flat. L3 unciform and well sclerotized; the base wide,
downwardly tapering; the distal part bifurcated, hlap weakly developed. L4G elliptic
with the basal part constricted. R1H flaky, with two long spines at the apex. The basal
part of R1G broad, the distal with a long and curved narrow process toward right. R1F
irregular and its outer margin thickened. R2 with a ridge-like projection in dorsal view.
R3 located at the upper right, triangular and weakly sclerotized.

Female (Fig. 3). Head and thorax. Interocular space wider than interantennal
space(Fig. 3B). Pronotum campaniform; anterior margin straight and hind margin
convex, the widest point after the middle (Fig. 3A). Tegmina square, reduced and not
reaching the first tergite of abdomen; lateral margins of tegmina truncated, forming
nearly right angle with the anterior margin; R parallel to the anterior margin (Fig. 31).
Hind wings small lobe-like (Fig. 3]). Abdomen (Fig. 3K, L). Hind margin of tergum X
(TX) with median invagination, and with a membranous line inside. Paraprocts (pp.)
wide, nearly triangular. Subgenital plate divided; median with intersternal fold (inst.f.).
Genitalia (Fig. 3K, L). First valve (v.I) sclerotized with dense punctures; the distal part
hyaline, and the base fused with first valvifer (vI£.I). First valvifer short, parallel to para-
tergites (pt.) and laterosternite IX (ltst.IX). Paratergites slender and laterosternite IX
irregular. Valvifer II (p.l.) annular. Second valve (v.II) small and flaky, the base fused,
connecting with third valve (v.III) by membrane. Third valve (v.III) large and less scle-
rotized. Anterior arch (a.a.) wide and its central part with two symmetrical foot-shaped
projections, surface with microtrichia. Spermathecal plate (sp.pl) well sclerotized and
nearly crescent-shaped. Spermathecal opening (sp.o.) located at anterior margin of
spermathecal plate. Spermatheca (sp.) divided into two branches, one branch with
the distal part enlarged. Basivalvulae (bsv.) subelliptical with punctures. Postero-lateral
angle of laterosternal shelf (Itst.sh.) extended towards outer margin. Vestibular sclerite
(vst.s.) strip-shaped.

Nymph. Early instars are yellowish brown with ocelli and eyes small; in older
nymphs, the body turns brown or reddish brown (Fig. 3E-H).
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Figure 2. Male of Periplaneta arabica (Bey-Bienko, 1938) A habitus, dorsal view B habitus, ventral view
C head D pronotum E front femur F=H tarsi (front, middle, hind) I arolium of hind leg J tegmen K hind
wing L supra-anal plate M subgenital plate N phallomere, dorsal view O phallomere, ventral view. Scale
bars: 10.0 mm (A, B, }J,K); 2.0 mm (C, D, E,F, G, H, L, M, N, O); 0.5 mm (I).
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Figure 3. Female and nymph of Periplaneta arabica (Bey-Bienko, 1938) A-D, I-L female A pronotum
B head C habitus, dorsal view D habitus, ventral view | tegmen J hind wing K genitalia, dorsal view

L genitalia, ventral view E-H habitus of nymph, dorsal and ventral views. Scale bars: 10.0 mm (C, D, G,

H); 2.0 mm (A, B, E,F, I, K,L); 1 mm (J).
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Distribution. Saudi Arabia (Mecca); Yemen; United Arab Emirates; Oman; Iran
(Ilam Province; new country record).

Remarks. Bey-Bienko (1938) first documented and described this species based on a
female specimen from Mecca, Saudi Arabia. Bohn (2007) provided some morphological
characteristics of the male in the key to genera and species occurring in the United Arab
Emirates. After checking the original description by Bey-Bienko (1938) and Bohn (2007)
and the images of the type specimens, we consider P arabica to be characterized by: 1) in-
terocular space slightly wider than the interocellar space in female; 2) pronotum anterior
margin straight and hind margin convex in female; 3) tegmina nearly square in female; 4)
hind margin slightly concave in the middle to form an obtuse angle in supra-anal plate of
male; these characteristics are present in our specimens as well. Therefore, we concluded
that our material collected from western Iran should belong to P arabica. Matching of
individuals of different sexes and life stages was possible with DNA barcoding.

Comparative morphology of P. americana, P. arabica and P. lateralis

A detailed morphological comparison of P americana, P arabica and P lateralis was
performed in this study. The following intraspecific variations were found in all three
species: 1) the number of veins branches of wings; 2) the marks on disc of pronotum
in male and female of P americana; and 3) the color of the pronotum and abdominal
tergite of female of P lateralis.

External morphological characters

The external morphological characteristics of P americana, P arabica and P lateralis
(Fig. 4) are compared in Table 2. Males of the three species have similar shapes of
pronotum, wings, and supra-anal and subgenital plates, and lack tergite gland. In-
terocular space and interantennal space of females were both wider than the single eye
spacing. The main differences among these three species are as follows: body size (i.e.,
P americana > P arabica > P lateralis), tegmina and wings of females, and the presence
or absence of arolia and pulvilli.

Genitalia of male and female

As depicted in Fig. 5, the genitalia of P americana, P arabica and R lateralis are highly
similar in appearance but differ in the degree of development of the sclerites. In males
(see P arabica for detailed description), the results ranked in descending order are
as follows: P lateralis > P arabica > P americana for the pubescence density in L1,
P arabica > P americana > P lateralis for the sclerotization degree of spine in L2, and
P arabica > P lateralis > P americana for the development degree of the hlap in L3.
In addition, there are certain differences in other aspects, for example, the basal mar-
gin of L4C in P americana and P arabica bears a row of microspines that is absent
in P lateralis, and a row of serration at the margin of R1H is present in P americana
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Figure 4. A—F In order from left to right, male of 2 americana, female of P americana, male of P arabica,
female of P arabica, male of P lateralis, female of R lateralis A heads B pronota € tegmina D hind wings
E supra-anal plates F subgenital plates G hind tarsi (in order from top to bottom: P americana, P arabica,
P lateralis) H=) arolia of hind legs (in order: P americana, P arabica, P lateralis). Scale bars: 10.0 mm
(C, D P americana, males of P arabica and P, lateralis); 2.0 mm (A, B, E=G, and females of P arabica and
D lateralis in C); 1.0 mm (D females of P arabica and P, lateralis); 0.5 mm (H=)).

but absent in P arabica and P. lateralis. In females (see P arabica for detailed descrip-
tion), the degree of development of some sclerites (i.e., valvifer II, laterosternite IX,
basivalvulae and laterosternal shelf) is ranked as P americana > P arabica > P lateralis.
Periplaneta americana differs from P, lateralis and P arabica in the following characters:
hind margin of basivalvulae (bsv.) with two symmetrical protrusions in the former,
which is lacking in the latter two; furthermore, the enlargement of spermathecae (sp.)
in P americana is longer and curved (the degree of curvature varies among samples),
but usually irregular in P arabica and subelliptical in P lateralis.
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Table 2. Comparison of external morphological characters of males and females of three species of
Periplaneta s.s. Dimensions are in mm: mean=SEM (standard error of the mean). Abbreviations: In-

terocular space (IS); ocelli distance (OD); antennal sockets distance (ASD).

Species P americana P, arabica P, lateralis
male female male female male female
Measured 23 15 6 2 17 13
specimens (/V)
Body length 37.239£0.5960 33.327+0.3514 32.917+0.8388 - 24.20610.2286 -
include tegmen
(mm)
Body length 31.539+0.7966 30.113£0.6298 26.025+0.6537 24.500+1.0000 19.806£0.2397 20.715£0.3665
Distance IS<OD <ASD OD <IS<ASD OD <IS<ASD OD <ASD < IS OD <IS<ASD OD <IS<ASD
comparison of IS,
OD and ASD
Ocelli size Medium Medium Medium Small Large Medium
Pronotum shape Subelliptical Subelliptical Subelliptical Campaniform Subelliptical Campaniform
Tegmina Well developed Well developed Well developed ~ Reduced and nearly ~ Well developed ~ Reduced and nearly
square triangular
Hind wings Well developed Well developed Well developed Reduced and small Well developed Reduced and fused
lobed to metanotum
Legs Slightly slender Slightly slender Slender Slender Slightly slender Slightly slender
Front femora Type A2 Type A2 Type A2 Type A2 Type A2 Type A2
Pulvilli Present Present Absent Absent Present Present
Arolia Medium Medium Absent Absent Minute Minute
First tergite of No tergite gland - No tergite gland - No tergite gland -
abdomen
Supra-anal plate’s Hind margin Middle of hind Middle of hind Hind margin not Hind margin Middle of hind
shape extending outward margin deeply ~ margin concave and  extending outward  extending outward  margin forming an
and concave in the  concave, forming not extending  and slightly concave and slightly concave obtuse angle
middle to forma one acute angle in the middle to in the middle to
sharp angle form an obtuse  form an actue angle
angle
Supra-anal plate’s ~ The distal part less  Less sclerotized in ~ The distal partless ~ Less sclerotized in ~ The distal part less  Less sclerotized in
sclerotization sclerotized and the middle sclerotized and the middle sclerotized and the middle
degree hyaline hyaline hyaline
Subgenital plate’s Hind margin - Hind margin - Hind margin -
shape slightly convex slightly convex slightly convex
Discussion

In recent years, molecular phylogenetic analyses have shown that P americana has
phylogenetic affinity with P lateralis (Legendre et al. 2015; Bourguignon et al. 2018;
Arab etal. 2020; Liao et al. 2021; Djernas and Murienne 2022; Li et al. 2022; Deng et
al. 2023), whereas P australasiae+ R fuliginosa+P brunnea would be the sister group to
Homalosilpha (Liao et al. 2021; Djernas and Murienne 2022; Deng et al. 2023). Deng
et al. (2023) also included P japonica and P karnyi, neither of which clustered with
P americana. This inevitably raised doubts about the characteristics used in the past
to distinguish Periplaneta and Shelfordella. Until recently, the development of tegmina
and wings, pulvilli and arolia were usually considered the main diagnostic characters
between these two genera (Adelung 1910; Bey-Bienko 1938; Bohn 1985). But, based on
the phylogenetic results and some genital characteristics, Deng et al. (2023) considered
Shelfordella as a synonym of Periplaneta. Considering the results of the current study,
we also confirmed that 2 americana differs significantly from P arabica and P lateralis
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Figure 5. In order from left to right and top to bottom: P americana, P arabica, P lateralis A left phal-

lomere, dorsal and ventral views B right phallomere, dorsal view € L3 D L4G E overall female genitalia
F first valve (v.I), first valvifer (vIf.I) and laterosternite IX (ltst.IX) G second valve (v.II) H third valve
(v.III) and anterior arch (a.a.) | basivalvulae (bsv.) and spermathecal opening (sp.o.) J laterosternal shelf
(ltst.sh.) K spermathecae (sp.). Scale bars: 2.0 mm (E); 1.0 mm (A, B, D, F, G, H, I, }, K); 0.5 mm (C).

in these characteristics. Our DNA-based analyses provided favorable evidence in the
matching of females and males in all three species, as well as the pairing of adults and
nymphs in P arabica. Therefore, we had the possibility to compare males of these species
and found that genitalia of both sexes of these three species were extremely similar, with
differences in the developmental degree of sclerites. After a comparative morphological
study on the genitalia of Blaberidae, Roth (1970, 1972, 1973) concluded that genital
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Figure 6. Male of P arabica from a cave in Ilam, Iran. Photographed by Alireza Zamani.

characters could be used as diagnostic characters for tribes, genera and groups. Until
now, no such detailed genital comparison has been done in Blattidae, and our study
might be helpful to solve the polyphyly of Periplaneta (Djernzs and Murienne 2022;
Deng et al. 2023). In addition, considering the close relationship of P. americana and
P lateralis and the fact that both P arabica and P lateralis originated from West Asia
(Beccaloni 2014), we speculate that 2 americana might have originated in this region
as well, and later dispersed naturally or was introduced by humans to other parts of the
world, before gradually becoming a notorious indoor pest.

Before the extensive usage of molecular data in cockroach systematics, most genera
of Blattinae were established mainly on the basis of external morphological characters.
As a matter of fact, the wings, pulvilli and arolia of cockroaches are heavily influenced by
the environment and lifestyle (Arnold 1974; Bell et al. 2007). In deserts, a cave-dwelling
lifestyle is a survival strategy for cockroaches (Roth and Willis 1960). Material of P arabica
reported in this study were sampled from a natural cave in western Iran (Fig. 6), which has
a subtropical desert climate (Burstyn et al. 2019). Morphologically, slender antennae and
legs, absent pulvilli and arolia, lighter body and very small ocelli of early instars are con-
sistent with the convergent evolution of cave-dwelling species (Bell et al. 2007; Lucanas
and Lit 2016). In contrast, P americana has well-developed tegmina and wings, and de-
veloped pulvilli and arolia in both sexes, which could be favorable to facilitate its dispersal
and climbing ability (Clemente and Federle 2008), and also beneficial for this species to
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colonize other environments (e.g., human settlements, tree trunks in the wild, landfills,
and shallow caves with abundant guano; Lucanas et al. 2022) in search for food. Therefore,
influenced by their environment and lifestyle, these three species have maintained a high
similarity in genitalia, but greatly diverged in external morphology.
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Abstract

Berries are agricultural products of great economic interest for Mexico, and their production has increased
in recent years; however, crops are affected by tortricid leafrollers. From August 2019 to April 2021 in
Michoacdn and Guanajuato, Mexico, a study was conducted to determine the species of tortricids associ-
ated with blackberries (Rubus spp. L.), raspberries (Rubus idaeus L.) and strawberries (Fragaria x ananassa
Duch.), as well as their altitudinal distribution. In 12 orchards located in these states, shoots, leaves and
flowers infested by larvae were collected. The species were identified by male genitalia and were deter-
mined taxonomically as Amorbia cuneana (Walsingham, 1879), Argyrotaenia montezumae (Walsingham,
1914) and Platynota sp. Walker, 1859, found at elevations from 1290 to 2372 m. The most abundant
species were A. cuneana and A. montezumae. Generally, these tortricids prefer to feed on tender vegeta-
tive parts of the plant, but the economic impact they have is not known. It is worth mentioning that the
number of species found is lower than those reported in other countries, but it is necessary to broaden the
study area to other berry-producing regions to determine whether their distribution is wider.
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Altitude, blackberry, damage, genitalia, raspberry, strawberry, tortricids
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Introduction

The small fruits (berries) of the family Rosaceae include blackberries (Rubus spp. L.),
raspberries (Rubus idaeus L.) and strawberries (Fragaria x ananassa Duch.). The fam-
ily is widely distributed although is better adapted to temperate climates (Rzedowski
2021). The Mexican states where production of these berries is concentrated are mainly
Michoacin, Jalisco, Baja California, and Guanajuato (SIAP 2021). According to data
from FAO-FAOSTAT (2021), Mexico is situated among the first five berry-producing
countries of the world, and production has increased in the last 15 years. In 2020,
Mexico exported more than US$1989 million in berries (SIAVI 2021).

As in other crops, this group of berries is affected by pests that limit production.
The family Tortricidae (microlepidoptera) is one of the most diverse of Lepidotera. It
is divided into three subfamilies, Tortricinae, Olethreutinae, and Chlidanotinae (Gil-
ligan and Epstein 2014), that together include approximately 11,500 species and 1787
genera (Gilligan et al. 2018; Gilligan et al. 2020). The number of tortricid agricultural
pests worldwide is estimated at 700 species (Gilligan and Epstein 2014), although
there are undescribed species. The distribution of the family is cosmopolitan, although
it is better adapted to temperate, subtropical, and tropical climates (Meijerman and
Ulenberg 2000). In general, species of Tortricinachave a polyphagous habit, while most
Olethreutinae are oligophagous. They feed on approximately 12,000 species, including
vegetable, fruit, ornamental and forest crops (Hill 1987; Brown et al. 2008). Tortricids,
are commonly known as leaf rollers because the larvae feed often on foliage, produce
silk, and shelter in rolled leaves while they feed. They have also been found defoliating
or boring into shoots, flowers and fruits of diverse plant species (Brown et al. 2008).

Some species of microlepidoptera are of major economic importance and may
cause total production loss (Akbarzadeh 2012). Gilligan et al. (2020) argue that, of the
total number of Lepidoptera introduced into North America, 23% to 30% are tortri-
cids. The compilation by Brown et al. (2008) presents 97 species of tortricids associ-
ated with Rubus spp. and 52 species associated with Fragaria spp. worldwide. Among
reported leaf roller hosts are species of Rosaceae, such as the genera Rubus and Fragaria
sp. (McQuillan 1992; Brown et al. 2014, 2019) with records of their association in
regions of Australia, Asia, Europe and North America (Brown et al. 2008).

Knowledge of diversity is fundamental in fauna research (Luis-Martinez et al.
2020), including determination of a species geographic distribution, its association
with its hosts, and its ecological biogeography (Arita and Rodriguez 2001). Monteagu-
do-Sabaté et al. (2001) consider altitude to be one of the most important components
in species determination. Sanders (2002) stated that greater species diversity occurs at
low altitudes. In contrast, the studies of McCoy (1990) suggest that greater richness
occurs at middle altitudes.

Despite the diversity of tortricids reported in berries in other regions of the world
and the economic importance of berries, knowledge of the interaction of this group
of insects and plants is scarce. Only Léopez et al. (2014), Martinez et al. (2014), and
Judrez-Gutiérrez et al. (2015) have reported Argyrotaenia montezumae (Walsingham,
1914) and Amorbia cuneana (Walsingham, 1879) in blackberries (Rubus idaeusalis),
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while Tejeda-Reyes et al. (2020) reported A. montezumae in strawberries (Fragaria x
ananassa). Worldwide, ecosystems are transforming at an accelerated pace, and for this
reason, determining species in unexplored areas is a priority.

Therefore, the objective of this study was to identify the species of tortricids that
feed on berries of Rosaceae along an altitudinal gradient from 1290 to 2337 m in
Michoacdn and Guanajuato, Mexico.

Material and methods

Sampling sites and collection of plant material

The study was conducted from August 2019 to April 2021 in Michoacdn and Gua-
najuato, Mexico (Table 1). The commercial crops sampled were (Rubus spp.) varieties
“Tupy’ and ‘brazos’, raspberry (Rubus idacus L.) variety ‘Meerker’, and strawberry (Fra-
garia x ananassa Duch.) variety ‘Camino real’. The orchards were located at elevations
from 1290 to 2337 m, with average annual temperature of 21 °C, and a warm temper-
ate climate (Garcia 1998). In each orchard, 1 ha of the crop was sampled in linear rows.
Shoots and leaves with evidence of leafroller larvae were collected. Three to 12 plant
parts were collected on each sampling date, depending on the abundance of larvae. The
phenological phases of the crops were vegetative development, flowering, and fruit set.

Infested plant organs were cut into lengths of 10 to 15 cm. Each plant part was
conditioned individually in a Num. 4 plastic cup (Reyma, Mexico) with water and
sponge. A “plastic cage” constructed with two 1-L plastic cups joined at the edges was
later introduced. The upper cup had organza fabric (Parisina, Mexico) on the bottom.
Each sample was labeled with collection data. The collected material was transported
to the Entomology Laboratory of the Colegio de Postgraduados, Campus Montecillo,
Texcoco, State of Mexico, where they were kept at a temperature of 2512 °C, 60 *
20% relative humidity and photoperiod of 12:12 h (light/dark) until adult emergence.

Species identification

Adults were separated by sex and morphotypes, mounted and labeled. The speci-
mens were identified by comparing male genitalia, with illustrations, literature, and
taxonomic keys of Obraztsov (1961), Mackay (1962), Phillips-Rodriguez and Powell
(2007), Razowski et al. (2008), Trematerra and Brown (2004), Brown (2013), Gilligan
and Epstein (2014) and Gilligan et al. (2018). In addition, identification was corrobo-
rated by taxonomists specialized in Tortricidae, Dr John W. Brown (National Museum
of Natural History, Washington D.C. USA) and Dr Jason Dombroskie (Insect collec-
tion of Cornell University, Ithaca, NY, USA). The genitalia were photographed with a
Photomicroscope III Carl Zeiss (Carl Zeiss, Germany). Larva and adult specimens of
the species found are located in the Entomological Collection of the Institute of Plant
Health (CEAM), Colegio de Postgraduados, Campus Montecillo, Texcoco, State of
Mexico, Mexico.



188 Isabel Ruiz-Galvdn et al. / ZooKeys 1146: 185-196 (2023)

Results

We collected 255 plant parts with larvae; of these 85% were blackberry, 10% raspberry
and 5% strawberry. We identified three species of tortricids: Argyrotaenia montezumae
(Tortricinae: Archipini), and Amorbia cuneana and Platynota sp. (Tortricinae: Spargan-
othini). Amorbia cuneana was the most abundant species in the three crops, accounting
for more than 60% of all the species found during the study period. The different spe-
cies were distributed over all the altitudes studied, from 1290 to 2337 m. Neverthe-
less, we observed that A. montezumae preferred higher altitudes. Table 1 presents the
number of emerged adults at each site and their host.

Table 1. Tortricids identified in blackberry, raspberry, and strawberry orchards in Guanajuato and

Michoacdn, Mexico. Number of emerged adults in parentheses.

State Municipality Crop  Altitude Coordinates Species Plant part  Sampling
(m) attacked date
Michoacéin Los Reyes Blackberry 1290 19.5944, Platynota sp. (13) Leafbud ~ 9-IX-2019
-102.4885 02-X-2019
Amorbia cuneana (63, 59) Leafbud  15-X-2019
Peribin 1372 19.5510, Amorbia cuneana (33) Leafbud  02-X-2019
-102.4609 16-X-2019
Argyrotaenia montezumae (13 Leaves 20-X1-2019
Tangancicuaro 1702 19.8986, Amorbia cuneana (23) Leafbud  02-IX-2019
-102.1939 01-X-2019
Argyrotaenia montezumae (23" Leaves 15-X-2019
18-X1-2019
1739 19.8589, Amorbia cuneana (33, 39) Leafbud  09-IX-2019
-102.2109 01-X-2019
Argyrotaenia montezumae (23" Leaves 15-X-2019
18-X1-2019
Raspberry 1707 19.8903, Argyrotaenia montezumae (23" Leafbud  15-X-2019
-102.1794 Leaves 18-X1-2019
Maravatio Blackberry 2030 19.8911, * Leafbud  18-X-2019
-100.3578 Leaves  22-XI-2019
04-X11-2019
2031 19.8920, Amorbia cuneana (13, 19) Leafbud  18-X-2019
-100.3564 22-X1-2019
Argyrotaenia montezumae (19, 33)  Leaves  04-XII-2019
Villa Madero  Raspberry 1650 19.4160, Argyrotaenia montezumae (13" Leaves 17-X-2019
-101.2307 22-X1-2019
02-XI1-2019
2337 19.3832, Amorbia cuneana (29, 23) Leafbud  17-X-2019
-101.3235 22-X1-2019
Argyrotaenia montezumae (39, 23)  Leaves  02-XII-2019
Guanajuato Jaral del Raspberry 1723 20.4199, Amorbia cuneana (29) Leafbud 30 IX-2020
Progreso -101.0595 Argyrotaenia montezumae (29) 14-1V-2021
Victoria de 1729 20.3421, Amorbia cuneana (2%, 33) Leafbud  30-IX-2020
Cortézar -101.0287 Argyrotaenia montezumae (29) 14-1V-2021
Jaral del Strawberry 1724 20.3756, Amorbia cuneana (19) Leaves  30-IX-2020
Progreso -101.0501 Argyrotaenia montezumae (29, 13) 14-1V-2021

*Collected larvae that did not complete development to adult stage.
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Damage

The leafrollers A. cuneana and A. montezumae oviposit in flattened oval masses of more
than 100 eggs on the face of the leaves and near the central vein. Amorbia cuneana cov-
ers the egg mass with a white secretion that extends beyond the mass (Fig. 1A), while
A. montezumae oviposits the eggs superimposed and uncovered. When the eggs hatch,
the larvae disperse, actively searching for a feeing site. Cannibalism among A. cuneana
larvae is evident since they are found isolated on the same plant in the crop and it was
observed in the field and laboratory (Espino-Herrera et al. 2012).

Larvae of both species feed on tender developing leaves (Fig. 1B). They join the lat-
eral edges of the leaves with silk (Fig. 1C) and form a shelter of joined leaves where small
perforations can be observed (Fig. 1D, E) or a leaf rolled into a “turnover” shape (Fig. 1F).
Only one larva is found in each shelter where it feeds, protects itself and pupates.

Discussion

Brown et al. (2008) presents 97 species of tortricids that are associated with the genus
Rubus spp. and 52 species with Fragaria spp. worldwide. Therefore, the three species
found in blackberry, raspberry and strawberry at altitudes between 1290 and 2337 m
constitute only 2% of the species richness of Tortricidae in these hosts in Mexico.
These three species are only a small fraction of the 25 and 24 species of microlepidop-
tera reported on the American continent associated with Rubus and Fragaria, respec-
tively (Hill 1987; Brown et al. 2008).

Records of Amorbia spp., Argyrotaenia spp. and Platynota spp. in crops are scarce
in Mexico. Judrez-Gutiérrez et al. (2015) registered the presence of A. cuneana in
blackberry (Rubus sp.) in Michoacdn, while Urfas-Lépez and Salazar-Garcia (2008)
registered this same species in avocado (Persea americana Miller) in Nayarit. Rosas
and Villegas (2008) reported that Argyrotaenia sp. feeds on avocado foliage and fruits
in Nayarit and Michoacdn. Argyrotaenia montezumae has also been reported in black-
berries (Lopez et al. 2014; Martinez et al. 2014; Barreto et al. 2016), in strawberries
(Tejeda-Reyes et al. 2020), and hawthorn (Crataegus mexicana Moc. & Sessé ex DC.)
(Tejeda-Reyes et al. 2021). Varela-Fuentes et al. (2009) identified Platynota rostrana
Walker (1863) feeding on Valencia orange (Citrus sinensis L. Osbeck) and lemon (Ciz-
rus limon (Linnaeus) N.L. Burman) in Tamaulipas, while Bautista et al. (2014) argue
that Platynota sp. feeds on Opuntia spp. in the state of Mexico.

Adult Amorbia are one of the largest tortricid moths in North America. They are
generally distinguished by a diffuse pattern on their forewings (Powell and Brown
2012) and by the fenestra on the dorsal abdominal segments (Phillips-Rodriguez
and Powell 2007): in segments 2 to 6 for A. emigratella and only one in segment 2
for A. cuneana (Gilligan and Epstein 2014). However, it is essential to look at more
specific structures for their identification. The masculine genitalia of A. cuneana and
A. emigratella are similar, but traits such as the less pronounced basal expansion of the
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Figure 1. Damage caused by leafrollers in berries A A. cuneana egg mass in blackberry B A. montezumae

in a raspberry shoot € silk produced by a larva on a leaf D and E folded leaves with a larva inside F leaf
rolled toward the face.
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uncus in A. emigratella and the slightly narrower distal half of the valva, and the differ-
ent articulation of the base of the uncus with the dorsal of the tegumen in A. cuneana
(Fig. 2B), are highly useful for separating these two species (Powell and Brown 2012).

In our study, A. cuneana was found feeding on raspberry and blackberry leaf buds
and on strawberry leaves in 10 of the 12 sampled orchards at elevations of 1290 to
2337 m, coinciding with Judrez-Gutiérrez et al. (2015) who reported A. cuneana feed-
ing on blackberry leaves and with Powell and Brown (2012) who report this genus at
altitudes of 2500 m in California. The highest species richness of the Amorbia spe-
cies is reported at elevations of 500-1500 m (Phillips-Rodriguez and Powell 2007).
Gilligan and Epstein (2014) highlight that this tortricid has been registered feeding on
34 genera of plants belonging to 25 families, including Rubus spp. as economically im-
portant crops. Moreover, the compilation of Brown et al. (2008) reveals that Fragaria
spp- has not been registered as a host to any species of Amorbia. This has been ratified
by Powell and Brown (2012) and Gilligan and Epstein (2014). Therefore, this is the
first report of association between strawberry (£ x ananassa) and A. cuneana, whose
larvae were found rolling young strawberry leaves in Jaral del Progreso, Guanajuato.
Nevertheless, several studies show that insects can adapt and incorporate new plants as
food, although initially populations are low (Gassmann et al. 2006; Zhang et al. 2015;
Messina et al. 2020). We suggest increasing the study area and sampling periodicity in
strawberry-producing regions to study the association.

The genus Argyrotaenia Stephens includes around 116 species described worldwide
(Powell 1983; Powell et al. 1995; Razowski 1996); of these, 115 species occupy habi-
tats from Canada to Argentina (Obraztsov 1961; Brown 1999), the region of greatest
species richness. Identification of Argyrotaenia is based mostly on external traits and
genitalia. Argyrotaenia montezumae shows an aedeagus slightly capitated, cornuti with
thick tips, and a dilated coecum penis curved slightly downward (Fig. 2C, D) (Obrazt-
sov 1961). Our finding concerning A. montezumae coincides with Lépez et al. (2014)
who report this species in blackberry crops (Rubus sp.) at elevations of 1350 m in
Zamora, Michoacdn. We also ratify that A. montezumae feeds on strawberry leaves (£ x
ananassa), as indicated by Tejeda-Reyes et al. (2020). In our study area, A. montezumae
is present in 83% of the studied orchards found at altitudes of up to 2337 m in black-
berry, raspberry and strawberry fields. Therefore, it is undoubtable that this species is
found in berry-producing areas of Mexico.

Finally, the genus Platynota includes 33 polyphagous species described and distrib-
uted on the American continent (Powell and Brown 2012). In our study, from a rolled
blackberry leaf with a larva inside, an adult Platynota sp. emerged (Fig. 2E, F), thus
corroborating that the genus Rubus is host to Platynota, as indicated by Gilligan and
Epstein (2014), although it is necessary to extend the study area. Because of the small
number of emerged specimens, it is difficult to assert which species we are dealing
with. For this reason, we report it at the genus level. It is important to underline that
several species of the genus have not been described despite its abundance in Central
America (Brown 2013).
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Figure 2. A and B Amorbia cuneana, Tangancicuaro, Michoacin C and D Argyrotaenia montezumae,
Peribdn, Michoacdn E and F Platynota sp., Los Reyes, Michoacdn.

Our results extend the distribution of A. cuneana and A. montezumae to an elevation
of 2337 m, without ruling out the possibility of finding them at lower or higher altitudes,
wherever there are host plants since tortricids adapt better to temperate, subtropical and
tropical climates (Meijerman and Ulenberg 2000), climates that coincide with the berry-
growing regions of the country. Moreover, we can speculate that there may exist other tor-
tricid species associated with berries, such as Aporoforma sp., which was found feeding on
blackberry vegetative buds, flowers, and young fruits in Coatepec, Veracruz, Mexico (Ruiz
2019). However, in our study we did not find this species even though the elevation of this
locality coincides with the lowest studied altitude. Morén and Terrén (1988) estimated
that in Mexico there may exist 1500 species of tortricids, most have not been described.
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Conclusions

Three species of tortricids, A. cuneana, A. montezumae and Platynota sp., were identi-
fied associated with strawberries, raspberries, and blackberries in the producer regions
of Michoacdn and Guanajuato, Mexico, at altitudes from 1290 to 2337 m. The first
two species were more abundant in the three crops, while Platynota sp. was observed
only in blackberries. The three species belong to the subfamily Tortricinae, whose main
characteristics are their behavior as leafrollers and their polyphagous feeding habit. In
the three species of cultivated plants, both species were associated only with tender
shoots and leaves. In our study, we did not quantify losses and damage from feeding.
In later studies, measures for managing this group of insects should be designed, and
the economic losses they cause to berry production in Mexico should be determined.
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