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Abstract

With a Nearctic distribution, the family Cambaridae harbors a high species richness in Mexico, which
is also evident along the Pdnuco River catchment. A series of surveys carried on in five populations from
the Sierra Gorda Biosphere Reserve in the State of Querétaro resulted in localizing a putative new species
for science. A molecular phylogenetic study and species delimitation analyses including all the known
Procambarus species from the Pdnuco River catchment were conducted based on three mitochondrial
genes (16S rDNA, 12S rDNA, and COI; 2,462 bp in total). Phylogeny recovered all species as mono-
phyletic, including the populations under study. All delimitation results based on barcoding, ABGD,
GMYC, bPTP, and gonopod differentiation agree in the recognition of a new taxon, to which the name
Procambarus xibhui sp. nov. is given, and its diagnosis and description are provided. The new species can be
distinguished from the remaining species in the genus, among other characters, by a unique configuration
of the terminal elements of the first pleopod of form I male, which includes a central projection lamellate,
hood-like, forming a concave blade-like structure mesially directed, as well as a caudal process crest-like,
mesiodistally directed, forming a lateral side of the concavity.
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Introduction

The genus Procambarus Ortmann, 1905 encompass 45 native species and subspecies
occurring in Mexico, inhabiting both Atlantic and Pacific coasts. An important part
of the species richness in Mexico inhabits the Pinuco water basin, along the Sierra
Madre Oriental and north of the Trans Mexican Volcanic Belt. To date, seven species
have been recorded from that region: Procambarus cuevachicae (Hobbs, 1941), P hi-
dalgoensis Lopez-Mejia, Alvarez & Mejia-Ortiz, 2005, P roberti Villalobos & Hobbs,
1974, P strenthi Hobbs, 1977, P toltecae Hobbs, 1943, P villalobosi Hobbs, 1969, and
P xilitlae Hobbs & Grubbs, 1982. In a survey of the diversity of the genus, previous
studies located a series of populations from the aforementioned basin, in the Sierra
Gorda Biosphere Reserve, at the northern side of the State of Querétaro, whose specific
identity could not be confirmed (Gutiérrez-Yurrita et al. 2002). Analyses by the au-
thors found a degree of morphological distinctiveness compared to other species of the
genus from nearby regions while additional studies obtained the 16S rDNA gene from
several of them. Later, a study using Random Amplification of Polymorphic DNA
and morphological information agreed with the conclusion that several populations
from the Sierra Gorda Biosphere Reserve could correspond to an undescribed species
(Pedraza-Lara et al. 2004). It is necessary to verify such findings, and to formalize the
taxonomic status of such populations (see Materials and methods). Consequently, this
article aims to clarify this taxonomic situation using an integrative approach, including
molecular markers commonly used for the delimitation of crayfish species in addition
to traditional morphology.

Materials and methods

Sampling

A series of collections were made in the Sierra Gorda Biosphere Reserve (SGBR) for
20 years, beginning in 2002 (Table 1; Fig. 1). This study includes the following popu-
lations assigned to the new species from the counties Jalpan de Serra and Landa de
Matamoros in the state of Querétaro: Arroyo Alamos, Arroyo Camelinas, Rio Ver-
dito, San Juanito and Saldivena. All were sampled in 2002, 2007, and 2019 by the
collectors mentioned in Systematics. For the localities of San Juanito and Saldivena
we failed to obtain any crayfish in 2019. Other populations sampled more than once
were Palitla (2002, 2019), Media Luna (2007, 2015, 2019), Santa Anita spring (2012,
2018), and Xicotepec (two occasions in 2019). Specimens were collected by hand and
identified using the available keys (Hobbs 1972a), original descriptions, and reviews
(Hobbs 1941, 1943, 1977; Villalobos 1944, 1955, 1958; Villalobos-Figueroa 1954;
Villalobos Figueroa and Hobbs 1974; Lépez-Mejia et al. 2005). Details of the collec-
tion sites are provided in Table 1. Type material was deposited at the following Institu-
tions: National Collection of Crustaceans, Institute of Biology, Universidad Nacional
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Figure 1. Map of localities. Populations from SGBR are depicted as stars, and numbers correspond to the
following sites: 1. Arroyo Los Alamos; 2. Arroyo Camelinas; 3. Saldivefia; 4. Rio Verdito; 5. San Juanito.

Auténoma de México (CNCR); National Museum of Natural History, Smithsonian
Institution, USA (NMNH) and Arthropod Collection of Forensic Reference at Fo-
rensic Program, UNAM, Mexico (CARF). The holotype (CNCR 35721), allotype
(CNCR 35723), and morphotype (CNCR 35722) were deposited at CNCR. Paratype
series (one male form I, and one female, under catalog number USNM 1638484 and
USNM 1638485, respectively) were deposited at NMNH. Additional paratypes were
deposited at CARF under catalog numbers CARF — CPLC45 — CARF — CPLC47.
Measurements of the types are provided in Table 2.

Aiming to account for an accurate representation of Mexican species of Procamba-
rus, except for the troglobitic Procambarus xilitlae, all the species previously assigned to
the subgenus Orzmannicus (Hobbs 1972b) were included: P acutus, P caballeroi, P cue-
vachicae, P gonopodocristatus, P hidalgoensis, P toltecae, and P villalobosi. In addition,
P digueti and P regiomontanus were included as outgroups for phylogenetic analysis
and reference in species delimitation (Table 1). Voucher numbers were assigned to all
specimens and included in CARF (UNAM). Laboratory work was carried on in the
Forensic Entomology Lab, Forensics Program, at UNAM.

Specimens were identified using the appropriate taxonomic keys (Hobbs 1972a;
Bezerra et al. 2020), as well as the respective taxonomic descriptions. Measurements
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of type specimens were made on standard morphological characters used in crayfish
taxonomy (Pedraza-Lara and Doadrio 2015). For paired characters, measurements
were taken from the left side of the specimen with a digital caliper (Mitutoyo’s Ab-
solute Series 500, resolution: 0.01 mm) and a stereoscopic microscope (Leica M60
APO). A validation procedure was done by measuring the same randomly chosen
individuals three times. A Pearson correlation between replicates was done in which
values above 0.8 were considered as indicatives of low measurement error. This was
verified and all measurements, which showed values above 0.8. Drawings from type
series for description were prepared by direct observations using a caliper and a stereo-
scopic microscope (Leica M60 APOP) by Aslam Narvaez. Additionally, SEM pictures
were taken from gonopods, epistome, and antennal scale of holotype, as well as an-
nulus ventralis from allotype, at the Electronic Microscopy Laboratory, IBUNAM.

Phylogenetic and species delimitation analysis

Specimens were preserved in ethanol and a piece of abdominal muscle was taken for
DNA purification, which was carried on using a phenol-chloroform protocol (Sam-
brook et al. 1989). Three mitochondrial genes were sequenced: 16S rDNA (16S), 125
rDNA (12S), and Cytochrome Oxidase subunit I (COI). These genes have accurate
phylogenetic signal in crustaceans and are considered optimal choices to character-
ize the genetic variation and species delimitation in crustacean groups (Toon et al.
2009; Matzen da Silva et al. 2011; Pedraza-Lara et al. 2012). PCR amplifications using
gene-specific primers were done using primers and following conditions previously
standardized on cambarid species delimitation (Pedraza-Lara and Doadrio 2015) (see
Table 3 for details on amplifications and genes analyzed). Amplifications were carried
out in 10 mL reactions containing: 1X PCR buffer, 0.5 mM of each primer, 0.2 mM of
each ANTP, 1.5 mM MgCl2, 1 U Platinum Taq polymerase (Thermo), and 10-50 ng
of template DNA.

To investigate the species limits between the putatively undescribed taxon and oth-
er Procambarus species with molecular information we used the following approaches:
genetic divergence of the barcoding COI gene (Hebert et al. 2003), the Automatic
Barcode Gap Discovery (ABGD) (Puillandre et al. 2012), Bayesian Tree Poisson Process
(bPTP) (Zhang et al. 2013), and the General Mixed Yule Coalescent model (GMYC)
(Pons et al. 2006). Barcoding and ABGD analyses were carried using the COI gene; input
for bPTP and GMYC was a concatenated matrix with the three mitochondrial markers.

The uncorrected P-distances and standard error of the COI marker between puta-
tive species were calculated in Mega 10.1.8, estimating standard error based on boot-
strapping (Kumar et al. 2018). To determine the barcode gap, the ABGD analysis was
run online (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html) setting the simple
distance (relative gap width) to 0.5, and default values for the remaining parameters.

For the GMYC approach, an ultrametric tree was reconstructed in Beast 2.6.2
(Bouckaert et al. 2014) using the GTR + I" + I model, a relaxed clock lognormal,
and Yule model prior. Bayesian Markov chain Monte Carlo was run for 25 million
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generations, sampling trees every 1,000 generations. The log file was inspected in
Tracer 1.7.1 (Rambaut et al. 2018) to confirm convergence and Effective Sample Size
(ESS) = 200. A single maximum credibility tree was summarized with TreeAnnotator
v2.6.2 after removing 15% of the trees as burn-in. The resulting tree was used as input
to delimit species with the single threshold GMYC approach in the package ‘splits’
implemented in R (http://r-forge.r-project.org/projects/). The bPTP analysis was per-
formed online (https://species.h-its.org/ptp/) using a ML phylogenetic tree as input
(see below), the analysis was run 100,000 MCMC generations with burn-in of 15%.

A phylogenetic hypothesis regarding the included specimens of Procambarus spe-
cies was reconstructed with Maximum Likelihood (ML) and Bayesian Inference (BI)
methods. These analyses were carried out to evaluate the congruence of the delimita-
tion analyses previously mentioned with the formation of monophyletic clades at the
terminals and evaluate its clade support. Conformation to monophylly is also another
way to assist during taxon recognition (Rosen 1979; Donoghue 1985). The ML recon-
struction was conducted in RAXML 8.2.12 (Stamatakis 2014) with a rapid bootstrap
algorithm (-f a) with 1000 bootstrap replicates. For the BI method, the appropriate
substitution model for each marker was inferred with Partition Finder 2 (Lanfear et
al. 2017). The BI reconstruction was conducted in MrBayes 3.2.7a (Ronquist and
Huelsenbeck 2003). We ran two runs with four MCMC chains with 50,000,000 gen-
erations, sampling every 1000 generations and setting a burn-in of 10%. Convergence
of chains and ESS (> 200) were confirmed in Tracer 1.7.1 (Rambaut et al. 2018).

It has been described that habitats in the SGBR face important threats like increas-
ing drying (Mendoza-Villa et al. 2018), the cutting of forests, introduction of exotic
species, destruction of habitat for agriculture and grazing, pollution of water and the
alteration of river channels for human activities (Gutiérrez-Yurrita 2014). Considering
this, an assessment of the extinction risk was done using the International Union for
Conservation of Nature (IUCN) Red List of Threatened Species Categories and Crite-
ria (IUCN Standards and Petitions Committee 2019). IUCN criteria were applied to
the crayfish populations inhabiting the SGBR.

The data underpinning the analysis reported in this paper are deposited at
GBIF, the Global Biodiversity Information Facility, and are available at https://doi.
org/10.15468/3hu4bh.

Results

In all cases, morphological features were congruent and stable when several form I male
specimens were available for one species. No issues were evident when separating and
identifying species according to the literature. As usual in Procambarus, the morphol-
ogy of the first pair of pleopods of male form I was useful to identify and distinguish
the new species, as the structure of terminal elements was always congruent with what
was originally described and allowed robust species identification. Accordingly, a series
of unique traits were observed for the populations from the SGBR.
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Table 1. Species, locality data, and GenBank accession numbers of specimens used in the phylogenetic

and species delimitation analyses.

Species Locality Specimen Collection GenBank accession numbers
year 16S 128 cox1
Procambarus xihui  Arroyo de Los Alamos, Yerbabuena, Jalpan de Serra, CPLC17Y 2019 MW280269 MW280231 MW266807
sp. nov. Querétaro *
Arroyo de Los Alamos, Yerbabuena, Jalpan de Serra, CPLC23% 2019 MW280277 MW280238 MW266814

Querétaro *

Arroyo Camelinas, Yerbabuena, Querétaro CPLC27 2002 MW280280 MW280242 MW266816
San Juanito, Landa de Matamoros, Querétaro CPLC24 2002 — MW280239 -
Rio Verdito, Landa de Matamoros, Querétaro CPLC25 2019 MW280278 MW280240 -
Saldivenia, Jalpan de Serra, Querétaro CPLC26 2007  MW280279 MW280241 MW266815
P, toltecae Stream 1 Km Soutwest of Palitla, San Luis Potosi® CPLC3 2019 MW280270 MW280246 MW266808
Stream 1 Km Soutwest of Palitla, San Luis Potos{* CPLC28 2019 MW280281 MW280243 MW266817
Huichihuayén, San Luis Potos{** PopHui 2012 JX127823  JX127687  JX127966
P hidalgoensis Stream on driveway from Tlanchinol-Olotla, Hidalgo ~ CPLC5 2019 MW280272 MW280233 MW266810
Stream on driveway from Tlanchinol-Olotla, Hidalgo ~ CPLC29 2019 MW280282 MW280244 -
P villalobosi Cave East of Rayén, San Luis Potos{* CPLCI11 2019 MW280274 MW280235 MW266812
P, villalobosi Cave East of Rayén, San Luis Potosi* CPLC33 2019 MW280285 - MW266820
P Marfa de la Torre, Veracruz* CPLC30 2019 MW/280283 - MW266818
gonopodocristatus Maria de la Torre, Veracruz* CPL2474 2019 MW280268 MW280230 -
P, roberti Creek coming from La Media Luna, 0.5 Km East, San ~ CPLC13 2019 MW280276 MW280237 -
Luis Potos{*
P, roberti Creek coming from La Media Luna, 0.5 Km East, San ~ CPLC32 2007 MW280284 MW280245 MW266819
Luis Potos*
P roberti e robertil - KX238070 - -
P, strenthi Santa Anita spring, San Luis Potos{* CPLC10 2018 MW280273 MW280234 MW266811
e strenthil 2017 KX238078 - -
P, caballeroi Stream southern of Xicotepec de Judrez, Puebla* 2419 2019 MW280265 MW280226 MW266803
Stream southern of Xicotepec de Judrez, Puebla* 2420 2019 MW280266 MW280227 MW266804
R Pcb302 — KX238005 - -
P, cuevachicae La Cueva Chica, Ciudad Valles, San Luis Potosi* 2424 2020 - MW280228 MW266805
La Cueva Chica, Ciudad Valles, San Luis Potosi* 2425 2020 MW280267 MW280229 MW266806
P acutus Canal en Ciudad Mante, Tamaulipas 3952 2007 MW280264 - MW266802
Canal en Ciudad Mante, Tamaulipas** PopMan 2007 JX127827 - JX127970
P digueti Camécuaro River, Michoacin CPLC12 2012 MW280275 MW280236 MW266813
P, regiomontanus Guadalupe, Nuevo Leén CPLC4 2018 MW280271 MW280232 MW266809
o DJ43 2018 KX238068 KX238138 KX238224

*Type locality; ** from Pedraza-Lara et al. 2012; *** from Stern et al. 2017; 1 holotype; % allotype.

Species delimitation and phylogenetic analyses

The following gene fragments were obtained: 16S (559 bps), 12S (397 bps), and COI
(15006 bps), resulting in 2462 characters and giving a series of substitution models (Table
3). The resulting sequences were deposited in GenBank (Table 1), no signs of numts were
found. The most variable fragment was 16S, followed by 12S and COI (variable sites:
COI = 221/15006, 16S = 169/559 12S = 71/397); besides this, COI showed the highest
proportion of parsimony-informative (PI) sites: COI = 138, 16S = 82, 12S = 51 (Table 3).

All delimitation analyses recovered a congruence between morphological identifi-
cations and molecular information for all species (Fig. 2; Suppl. material 1). The popu-
lations from SGBR are delimited as one distinct species according to all delimitation
criteria, including the morphological observations carried on over specimens sampled.
The COI genetic P-distance between all localities of the SGBR and the other species
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Figure 2. Phylogenetic tree of species analyzed. Codes are referred to in Table 1. BI and ML topologies
were completely congruent. Support values of 95 or more (BI) and of 70 or more (ML) are depicted with
figures above nodes; circles = posterior probabilities, squares = bootstrap support. At right, recovery of
species delimited according to each of the four delimitation criteria used.

of Procambarus ranges from a minimum of D_= 3% for that observed with Procamba-
rus hidalgoensis, and a maximum of D_ = 10.6% of with Procambarus regiomontanus
(Suppl. material 2: Table S1). Such values are above D = 1% and above what is com-
mon for between-species distances in crustaceans and crayfish (Fetzner and Crandall
2002; da Silva et al. 2011).

Congruently, the ABGD analysis recovered the undescribed taxon as a separate
species from other Procambarus species. The bPTP and GMYC species delimitation
analyses separate sequences of such populations as a distinct taxon; GMYC confirms
the latter observation as well as the specific status of the remaining Procambarus species
(Fig. 2). With the most supported partition scheme of bPTP analysis, all specimens
assigned to Procambarus gonopodocristatus, P acutus, and P regiomontanus were not
supported as forming one species each; however, the estimated number of species con-
sidered by bPTP is between 10 and 26, which includes the scheme of species delimited
by the other methods. Bayesian inference and maximum likelihood topologies were
congruent (Fig. 2). Topology recovered all species as monophyletic in highly supported
clades. One clade included Procambarus acutus and Procambarus cuevachicae; next, a
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clade is recovered containing the remaining species from the Pdnuco basin except for
Procambarus caballeroi and Procambarus gonopodocristatus, inhabitants of distinct ba-
sins south of the Trans Mexican Volcanic Belt (TMVB). Inside this clade, the popula-
tions from SGBR were included in a clade in a sister relationship to P hidalgoensis.
These both form a clade close to populations of P toltecae. In the light of these results,
a new species is described which includes populations analyzed from the SGBR.

Regarding the conservation assessment, in total, five populations for the species
were recorded: populations from Alamos and Camelinas fall into one single 5-10 km?
quadrant, and Saldivefia, Rio Verdito, and San Juanito each falls into their own 5 km?
quadrant. This resulted in a maximum area of occupancy of 25-35 km?*. However, this
would be extremely inaccurate, as the available area of habitat (small streams, probably
fragmented by large-magnitude creeks) is much more reduced inside each quadrant.
Consequently, we consider that a gross estimation of area of occupancy for the species
would fall in less than 5 km?. Considering the factors aforementioned, we found a
conservation status for Procambarus xihui of Critically Endangered (CR) based on the
following criteria: B.2. (habitat severely fragmented), B.2.4.77 (continuing decline in
area of occupancy), and B.2.4.7v (continuing decline in number of locations).

Systematics

Cambaridae Hobbs, 1942
Genus Procambarus Ortmann, 1905

Procambarus xihui sp. nov.
http://zoobank.org/ DCFCDBSF-896F-4071-8CB6-12D6241FE9DB
Figures 3, 4, Table 2

Material examined. Holotype: male fromI (CNCR35721),21°8.548'N,99°17.106"W,
ca 1210 m; stream Los Alamos, Yerbabuena, Jalpan de Serra, Querétaro State, Mexico.
A small headwater first-magnitude stream, which keep water in shallow ponds along
the year. leg. Heriberto Pedraza Rodriguez, Patricia Ornelas-Garcia, Carlos Pedraza-
Lara, Ma. Guadalupe Lara Zaniga, Guadalupe Gracia, Regina Pedraza Lara, May 22,
2019. Allotype: female (CNCR 35723), same data as holotype. Morphotype: male
(CNCR 35722), same data as holotype.

Diagnosis. Body pigmented, eyes well developed. Rostrum lanceolate, concave,
without lateral spines; antennal scale width 0.50-0.54 x in its length; areola of moderate
width (0.22-0.23 x wide in length) with 2—4 large punctations in narrowest part; cervi-
cal spine absent, single, shallow branchiostegal spine; chela shorter than cephalothorax
length, long and thin, length 0.87-0.89 x the length of cephalothorax and 0.28-0.31 x
wide than long, narrow-ovate. Dactyl forming a concave profile in mesial margin, palm
of chela with scattered tubercles, mesial surface with row of seven or eight tubercles, palm
length 0.55-0.66 x in dactyl length; no lateral spines on carapace; postrostral ridges very
strong and wide, forming a strong tubercle, provided with longitudinal groove along its
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Figure 3. Procambarus xihui. All illustrations from holotype except for F which is from allotype A dorsal

view of cephalothorax B lateral view of cephalothorax € lateral view of cheliped D basal podomeres of second
to fifth pereiopods E Epistome F caudal view of annulus ventralis. Scale bars: 5 mm (A-C); 2 mm (D-F).

laterodorsal margin, its apical extreme slightly overreaching carapace surface, not form-
ing evident apical spine. Male with hooks on ischiopodites of the third and fourth pairs
of pereiopods, those on third ischiopodite extending beyond basioischial articulation.
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First pair of pleopods slightly asymmetrical, reaching coxopodite of third pereio-
pod, with shoulder on cephalic margin beginning at distal fifth; a row of setae from base
to second third of pleopod, a second row of setae along mesial surface starting at mid-
length and third row of setae along mesial surface starting on last quart and extending
laterally to base of terminal processes, where it forms a tuft of plumose setae; mesial
process spiniform, directed caudally and slightly mesially, cephalic process spiniform,
acute, hood-like, directed caudomedial, upon central projection and hidden beneath
apical tuft; central projection corneous, lamellate, hood-like, tip decidedly projecting
mesially, forming a concave blade-like structure, distally folded in mesial direction and
reaching beyond the remaining terminal elements; caudal process corneous, crest-like,
running on caudomesial surface of pleopod tip, along longitudinal pleopod axis, mesi-
odistally directed, forming a lateral side of the concavity formed distally by the central
projection, reaching bellow point of mesial process position in lateral view.

Preanular plate with strong tubercles in caudal margin, and with setae along its
margin, both well projecting over annulus cephalic area. Annulus ventralis rather fusi-
form, with depression along median surface and sinus in shallow Z-shape. Endopodite
and exopodite of uropods with strong distolateral spines and median ridge ending in
small spine, not reaching endopodite margin.

Description of holotypic male, Form 1. (Figs 3, 4, Table 2). Body pigmented,
eyes well developed. Body subovate, abdomen narrower than thorax. At cervical groove
carapace slightly higher than wide (0.99 x height). Areola moderate in width (0.22 x
length) with three or four punctations in narrowest part; length of areola ca. 0.32 x
that of entire carapace length. Rostrum lanceolate, dorsally excavated, reaching distal
third of second basal segment of antennule, its width 0.69 x in length; margins raised
slightly thickened, acumen not sharped, dorsal surface of rostrum punctuated at its
base, row of setiferous punctations along base of marginal ridges, subrostral ridges
poorly developed, and not evident from dorsal view.

Postrostral ridges conspicuous and wide, forming a strong tubercle, provided with
longitudinal groove along its laterodorsal side, its apical edge slightly overreaching
carapace surface, not forming evident apical spine. Suborbital angle obtuse, one bran-
chiostegal spine present. Surface of the carapace deeply punctuate.

Epistome broadly triangular, subsymmetrical, with cephalomedian projection well
defined. Antennule with ventral spine on basal segment well developed. Antennal scale
width 0.5 x its length, maximum width at ca. 0. 5 x length, with a ridge along lateral
margin ending in a strong spine.

Chela long and thin, 0.89 x the length of carapace and 0.31 x wide as long, nar-
row-ovate, dactyl forming a concave profile in mesial margin. Chela scattered with nu-
merous setose tubercles and crowded with numerous denticles. Mesial margin of palm
with row of seven tubercles, opposable sides of both fingers with strong tubercles, seven
stronger on proximal half of dactyl. Fingers gaping along their length. Lateral margin
of dactyl with weak ridge of acute tubercles proximally and punctations distally. Tip of
fingers forming strong pencils. Opposable margin of fixed finger with four tubercles on
basal one-quarter and five punctations along second and third distal quarters.
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Table 2. Measurements of types. Morphometric measurements (mm) of holotype, allotype, and mor-
photype of P xihui sp. nov.

Measurements Holotype Allotype Morphotype
Total Length (TL) 59.80 61.41 65.68
Cephalothorax
Length (CL) 28.89 28.99 32.15
Height (CH) 13.91 14.11 15.63
Width (CW) 13.71 13.99 15.26
Cephalon length (CEL) 18.95 19.75 21.29
Abdomen width (AW) 12.08 11.82 13.21
Rostrum
Length (RL) 7.26 7.18 8.60
Width (RW) 4.85 5.59 5.65
Acumen length (AL) 1.39 1.03 1.77
Antennal scale length (ASL) 6.11 6.41 6.86
Cheliped
Chela length (CHL) 25.75 19.22 27.82
Chela width (CHW) 8.02 5.98 7.84
Dactyl length (DL) 14.50 11.30 16.01
Palm length (PL) 9.56 7.12 8.81
Merus length (ML) 13.13 11.38 13.32
Areola
Areola width (ARW) 9.12 8.79 10.56
Areola length (ARL) 2.00 2.05 2.51

Table 3.Variability parameters of analyzed gene fragments and the most accurate substitution models.

Gene Primers* bp \% PI Model**
16S 1471 559 169 82 GTR+G
168-1472
128 12sf 397 71 51 GTR+I+G
12sr
COI ORCO1F 1506 221 138 GTR+I+G
ORCOI1R

bp = length in base pairs; V = variable sites; PI = parsimony informative sites; * amplification conditions followed Pedraza-Lara et al. 2012; ** most
appropriate substitution model selected using Partition Finder 2.

Width of carpus of first pereiopod ca. 0.63 x in its length. Merus length 0.45 x in
cephalothorax length, with scattered punctations in lateral surface, two rows of spike-like
tubercles on mesial surface, stronger at distal half, apical spine present. Hooks on ischio-
podites of third and fourth pereiopods, former well exceeding basioischial articulation,
latter reaching it. Bases of coxopodites of fourth and fifth pereiopods with caudomesial
boss projection, the former extending on wide prominence on caudoventrally surface,
caudomedial oriented, setose around margin, the latter blade-like, mesially oriented, bare.

First pleopods as described in diagnosis. Abdomen slightly narrower than cara-
pace, width 0.88 x in cephalothorax width. Protopodite of uropods with distolateral
spines, endopodite and exopodite with strong distolateral spines and median ridge
ending in small spine, not reaching endopodite margin. Dorsal side of telson with one
median spine on each caudolateral corner.

Description of allotypic female. (Fig. 3, Table 2). Differing from holotype
in following respects: areola of moderate width (0.23 x length) with two or three
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Figure 4. Procambarus xihui, holotype A caudal view of the first pair of pleopods B mesial view of left
gonopod C lateral view of left gonopod D detail of apex, mesial view E detail of apex, latero-cephalic view

F detail of apex, lateral view. Scale bars: 2 mm (A); 0.5 mm (B, C); 0.1 mm (D-F).

punctations in narrowest part, areola length 0.3 x carapace length. Rostrum wide
(0.78 x rostrum length).

Shorter and smaller chela, 0.66 x length of carapace and width 0.31 x length,
mesial profile of dactyl straight. Four strong tubercles on proximal half of opposable
side of dactyl. Two conspicuous tubercles on opposable side of fixed finger, one on
distal third. Width of carpus of first pereiopod ca. 0.63 x its length. Shorter merus,
0.39 x cephalothorax length. Left dactyl abnormally small, shorter than fixed finger.
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No hooks on ischiopodites of pereiopods. Caudomesial boss only evident on fifth
coxopodite, mesially projected.

Annulus ventralis as described in diagnosis (Fig. 3). First pleopods uniramous,
reaching cephalic region of annulus ventralis when abdomen is flexed.

Description of morphotypic male, form II. (Table 2). Differing from holotype
in the following respects: areola of moderate width (0.24 x length) with punctations
(two or three in narrowest part).

Left chela 0.87 x the length of cephalothorax and width 0.28 x in its length, mesial
surface of chela with a row of ten tubercles, palm 0.55 x in dactyl length. Right chela
abnormally smaller. Opposable side of dactyl with five stronger tubercles on proximal
side, lateral margin of dactyl with ridge of punctations. Opposable margin of fixed
finger with five tubercles on basal quarter, two of them stronger, and punctate along
distal half.

Carpus of first pereiopod ca. 1.35 x longer than wide. Shorter merus (0.41 x
cephalothorax length). Shallow hooks on ischiopodites of third and fourth pereiopods,
the former longer, none exceeding basioischial articulation.

Terminal elements of first pleopods not stylized, certain incipient development
in mesial process and central projection, the latter together with caudal and cephalic
processes mesially oriented.

The new species depicts certain variability in coloration among populations, but
most individuals show a general brownish body background with lighter scattered
spots along thorax and abdomen (Fig. 5). For most individuals, the chela is brown to
reddish, with scattered darker or yellowish punctations. Color become lighter to the
base of pereiopods. In some individuals, a diffuse darker band is visible on the sides of
thorax, which become darker posteriorly, but it is not apparent in others.

Etymology. The specific epithet -xihui comes from the term used by natives from
the region, (also known as the Pame people), to refer to themselves. The term also
means ‘indigenous’ in the Pame language.

Phylogenetic relationships and remarks. Except for Procambarus digueti and
P regiomontanus, which are clearly distinctive among the crayfish fauna of Mexico
and used here as outgroups, the new species shares some traits with the remaining
species included, most of them inhabiting the Pdnuco River basin. Among those
are the possession of hooks on the ischiopodites of third and fourth pereiopods and
the first pair of pleopods reaching the coxa of third pereiopods. However, the new
species can be readily distinguished from two other species included inhabiting the
Pinuco basin, P strenthi and P roberti, based in the following characters (among
others): in P roberti, the first pleopods are asymmetrical and lack a cephalic shoul-
der, and it possess a subtriangular, laterally grooved caudal process abutting the
caudal base of central projection, which is notably more reduced than the shown
by P xibhui. In B strenthi, the first pleopods of the male form I are also strongly
asymmetrical, bearing a strong angular shoulder in the cephalic surface, a cephalic
process broad and lamellate, a dentiform central projection and a smaller subtrian-
gular caudal process.
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Figure 5. Procambarus xihui A photograph of form I male alive showing coloration B general habitat in

type locality € photograph of live specimen in aquarium. Photographs by CPL.

More specifically, the new species is morphologically related to a group of species
placed in the subgenus Ortmannicus by Hobbs (1972), although subgeneric groupings
in Procambarus have not been recognized recently (Crandall and De Grave 2017). Still,
such grouping allows us to identify some morphological similarities among P xihui
and the species morphologically most like it. Such species are P acutus, P caballeroi,
P cuevachicae, P gonopodocristatus, P hidalgoensis, P toltecae, and R villalobosi. Several
traits are shared among the new species and the remaining Mexican species assigned to
Ortmannicus sensu Hobbs (1972) such as the lack of caudal knob. In general, the new
species can readily be distinguished from the remaining species by the configuration
of terminal elements of the first pair of pleopods. In addition, it can be distinguished
from P acutus and P cuevachicae as these show a distally directed mesial process, a ce-
phalic process somewhat rounded distally, an acute caudal process, a somewhat twisted
central projection, and an almost obliterated areola. P acutus and P cuevachicae also
lack a cephalic shoulder in the first pleopod. The new species can be readily separated
from P villalobosi, among several other traits, by the conspicuous arrangement of all
apical elements of the first pleopod in P villalobosi, which has a singularly long mesial
process far exceeding the other elements caudally.

Among other differences, the new species can be separated from 2 caballeroi as
the latter possess a wider rostrum, a laminated, laterally flattened cephalic process, a
crest-like caudal process whose apex ends in a spine-like structure that is caudodis-
tally directed. Among the main differences with 2 gonopodocristatus are that the latter
possesses a caudal process in the form of a long blade arced along the caudolateral
surface, when in P xihui this process is longer and situated along the caudomesial
surface of the pleopod. Procambarus caballeroi and P gonopodocristatus inhabit other
river basins, south of the TMVB. The two species that most resemble P xihui are
P toltecae and P hidalgoensis.

The new species can easily be differentiated from P roltecae because the latter shows
a different arrangement of the terminal elements of the first pleopod: most conspicuous
are the caudal orientations of the cephalic and caudal processes as well as the central
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projection, the latter two forming a triangular projection which extends in caudally
and forms a right angle to the longitudinal axis of the appendix. In P roltecae, the cen-
tral projection is the longest among the related species, while in P xihui, the three most
apical elements are directed mesially and the caudal process is blade-like and runs along
the mesial side of the pleopod. We find that the new species is most similar to 2 hidal-
goensis, from which, however, clear differences can be noticed. In the latter, the mesial
process is latero-distally oriented, while in P xibui its orientation is caudal and slightly
mesial; both show a central projection that is corneous and flattened, but its division in
two elements in 2 hidalgoensis is clear, one larger and distally projected and the other
shorter, straight, and mesially projected, while in P xibui the two elements are fused
and no clear delimitation exists between them unless observed on electron microscopy;
they form one concave blade-like structure, distally folded in a mesial direction. The
caudal process is laminated in both species, but in P hidalgoensis it is located mesiocau-
dally to central projection, while in 2 xihui it is more laterally located, becoming the
lateral side of the concavity formed by the central projection, also mesially directed.
In vivo, a distinctive red coloration was recorded in the male form I of 2 hidalgoensis
with a contrasting blackish stripe running laterally of cephalothorax. In P xibui, a dark
stripe can be present, but it does not contrast as the body color is brownish (Fig. 5).

The phylogenetic analysis partially agrees with deductions from morphological
similarities. The new species is grouped in a clade with P hidalgoensis: these two
species inhabit small, first-order springs of the Pdnuco basin, although P xibui in-
habits higher altitude parts of three different sub-basins (between 1,000 m and ca.
1,200 m): the Jalpan River (later a tributary of the Santa Maria sub-basin), the Tan-
cuilin sub-basin, and Extoraz sub-basin (both tributaries of the Moctezuma River).
On the other side, P hidalgoensis inhabits similar habitats (at an altitude of 1,485 m)
but from the Rio Hule sub-basin, a southern component of the Moctezuma sub-ba-
sin. This clade is grouped with P toltecae, which inhabits much lower altitudes (here
collected from 273 m). Similarly, the Pdnuco system is inhabited by the remaining
species here included except for P digueti and P, regiomontanus, but most of them are
from distinct sub-basins or altitudes. Results shown here support that this region is
a depositary of distinct clades of crayfish diversity in Mexico, which possibly reflects
a complex biogeographic history for the genus in northeast Mexico, from which
P xihui is one additional component. Additional phylogenetic and biogeographic
inferences are surely complex and beyond the scope of the present manuscript and
will be treated in further work.

Habitat and conservation notes. The new species inhabits an entirely included
area in the SGBR. With certain variation among populations, habitats are headwater
stream ecosystems, less than 1.5 meters wide, showing surface water intermittently
along their course for most of the year, especially in small ponds that are 0.5-3 m wide
with reduced water flow (Fig. 5). These are very sensitive habitats, reduced in area and
characterized by a high quality of riparian vegetation and pristine water conditions
(Meyer et al. 2007). During the rainy season they can occasionally join the next water
course, where crayfish populations have not been found; consequently it is possible
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that a high degree of habitat fragmentation can exist between locations. They are
characterized by oligotrophic water conditions (elevated oxygen concentration, low
temperatures and low nutrients) and substrates composed of bedrock, rocks, pebbles,
cobbles, leaf litter, tree branches (Pedraza-Lara et al. 2004), and other elements that
provide shadow, refuge, and high habitat heterogeneity. The riparian vegetation, rocks,
and gravels are of special importance for crayfish survival since they are nocturnal and
usually spend most of the day hidden in these substrates.

The characteristic physical and chemical parameters of their habitats are temper-
atures between 20 and 28 °C, dissolved oxygen content between 8 and 12 mg I,
pH 7-8 , and water hardness 90-350 mg CaCO3 1. The terrestrial vegetation of the
riverside where the crayfish populations were found is composed by riparian vegetation
of Platanus mexicana, Taxodium mucronatum, and Salix species.

Headwater streams might be more vulnerable to disturbances in the surrounding
catchment than other aquatic habitats, which relate to a higher risk of biodiversity
loss (Lowe and Likens 2005). Populations inhabiting headwater stream ecosystems are
especially sensitive to rainy conditions, as short and severe periods of drought could
represent a high risk of extinction of their populations (Boulton 2003). The last decade
in central and northern Mexico has been dryer than preceding decades (Seager et al.
2009): the most severe drought recorded from the BRSG was during 2010-2015, with
the year 2012 being the most intense (Mendoza-Villa et al. 2018). Climatic predic-
tions at a regional scale indicate that naturally occurring sub-decadal droughts will be
made more frequent and widespread by anthropogenic climate change (Seager et al.
2009). Locally, water from the localities of the new species is intensively used for hu-
man consumption, crops, and livestock activities. Impacts driven by climate change are
expected to be substantial on headwater streams ecosystems, which makes diagnosing
and planning for conservation an urgent task (Durance and Ormerod 2007). From
this perspective, the conservation of the headwaters of the rivers, as well as the mainte-
nance of seasonal water regimes is of utmost importance to preserve endemic species,
especially those that have very narrow distributions, such as 2 xihui. Human actions
also induce climate change to be faster in these areas, affecting the general ecological
functioning of the Sierra and with it, also human activities (pers. obs.).

Collections for populations from the new species were made in the year 2002 and
attempted in 2019, covering nearly 20 years. The climatic conditions and intense use of
water described above has probably been related to the dramatic change observed by us
at the visited sites, in which three of the five streams were almost dry or completely mod-
ified. In June 2019, an attempt to collect with the same sampling effort used in 2002 was
carried out at all sites. We failed to find any crayfish at Las Camelinas, Saldivena, and
San Juanito, and in the remainder, crayfish were at much lower abundances than previ-
ously recorded. Additionally, several mass mortalities of crayfish were recorded from
some sites, produced by the use of pesticides in crops surrounding the small streams.

As seen by their location, most populations were found in separated streams
which were not in contact with each other for most of the year or even for several
years. Most of individuals were found in such small populations and face situations
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of high dryness, in which they are limited to a small number of pools, representing
a high risk of local extinctions. If crayfish diversity is one of the most endangered
among freshwater fauna in the world (Richman et al. 2015), cambarids have the most
threatened species in Mexico concerning freshwater Crustacea (Alvarez and Villalo-
bos 2016). The new species is an especially sensitive case derived from its peculiar
habitat and narrow distribution ranges, which emphasizes an urgent need to design
and fulfill conservation measures in the short term to avoid extinction of most of its
populations. Consequently, efforts to include the species into the Mexican law NOM-
059-SEMARNAT-2010: Environmental Protection-Native species of Mexico of wild
flora and fauna will be conducted.
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Abstract

Based on combined morphological and osteological characters and molecular phylogenetics, we describe
a new species of the genus Elaphe that was discovered from the south slope of the Qinling Mountains,
Shaanxi, China, namely Elaphe xiphodonta sp. nov. It is distinguished from the other congeners by a com-
bination of the following characters: dorsal scales in 21-21-17 rows, the medial 11 rows keeled; 202-204
ventral scales, 67—68 subcaudals; two preoculars (including one subpreocular); two postoculars; two an-
terior temporals, three posterior temporals; reduced numbers of maxillary teeth (9+2) and dentary teeth
(12); sharp cutting edges on the posterior or posterolateral surface of the rear maxillary teeth and dentary
teeth; dorsal head yellow, three distinct markings on the head and neck; a distinct black labial spot present
in supralabials; dorsum yellow, 46-49 complete (or incomplete) large black-edged reddish brown blotches
on the body and 12-19 on the tail, two rows of smaller blotches on each ventrolateral side; ventral scales
yellow with mottled irregular black blotches, a few irregular small red spots dispersed on the middle of the
ventral. Based on molecular phylogenetic analyses, the new species forms the sister taxon to E. zoigeensis.
The discovery of this new species increases the number of the recognized species in the genus Elaphe to 17.

*  Contributed equally as the first authors.

Copyright Shuo Qi 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

The colubrid genus Elaphe sensu lato Fitzinger (in Wagler), 1833, once contained
approximately forty species ranging throughout temperate, subtropical, and tropical
zones in both the eastern and western hemispheres (Schulz 1996). Most of the mem-
bers of this genus have a slender body, partially or completely keeled dorsal scales,
and round pupils. The head is distinguishable from the neck, the trunk vertebra lack
a hypapophysis, and the posterior maxillary teeth are not significantly differentiated
from the others. With the rise of molecular taxonomy in the last decades of the 20*
century, a series of major taxonomic changes occurred at generic and species levels, re-
sulting in the establishment or resurrection of several genera and species (Helfenberger
2001; Lenk Joger and Wink 2001; Utiger et al. 2002; Huang et al. 2012; Jablonski et
al. 2019). Recent molecular phylogenetic studies suggest that the genus Orthriophis
should be subsumed within the genus Elaphe, because the generic status of Orthriophis
renders Elaphe paraphyletic, where E. zoigeensis Huang, Ding, Burbrink, Yang, Huang,
Ling, Chen & Zhang, 2012 is sister to all the other Elaphe plus Orthriophis (Chen
et al. 2017; Li et al. 2020; but see Figueroa et al. 2016). Currently, the genus Elaphe
sensu stricto is comprised of 16 species of which most, are widely distributed in eastern
Asia and the south slopes of the Himalaya, although the range of the genus extends
east to eastern Russia, south to the Indonesia-Malayan region, and west to as far as
Italy (Helfenberger 2001; Zhao 2006; Huang et al. 2012; Jablonski et al. 2019; Uetz
etal. 2021). Previous biogeographic, phylogenetic, and phylogenomic studies support
the hypothesis that Elaphe originated in the Eastern Palearctic (Lenk, Joger and Wink
2001; Utiger et al. 2002; Burbrink and Lawson 2007; Burbrink and Pyron 2010;
Chen etal. 2017). In regards to China, 11 species of Elaphe are recognized: E. anomala
(Boulenger, 1916), E. bimaculata Schmidt, 1925, E. carinata (Giinther, 1864), E. can-
toris (Boulenger, 1894), E. davidi (Sauvage, 1884), E. dione (Pallas, 1773), E. hodg-
sonii (Giinther, 1860), E. moellendorffi (Boettger, 1886), E. taeniura (Cope, 1861),
E. schrenckii (Strauch, 1873), and E. zoigeensis, two of which (E. bimaculata and E. zoi-
geensis) are endemic to China (Wang et al. 2020).

The main part of Qinling Mountains, lies on the south of Shaanxi Province, having
an average elevation of approximately 2000 m and have long been regarded as the geo-
graphical, biological and climatological boundary between North (Palaearctic Realm;
warm temperate monsoon climate) and South China (Oriental Realm; subtropical
monsoon climate, Zhang 1999). Due to the unique environment and climate, the
Qinling Mountains are the habitat of many rare animals (e.g., Ailuropoda melanoleuca,
Budorcas bedfordi, and Rhinopithecus roxellana qinlingensis). Additionally, the herpeto-
logical diversity of that area is high. To date, more than 10 species of amphibians and
20 species of reptiles have been reported in this area, some of which are endemic to the
Qinling Mountains and adjacent areas (e.g., Scutiger ningshanensis, Hyla rsinlingensis,
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Batrachuperus taibaiensis, Stichophanes ningshaanensis, Scincella tsinlingensis, Protoboth-
rops jerdonii and Gloydius qinlingensis (Bu and Zheng 2015).

Bates (1862) discovered a spectacular type of adaptation known as “mimicry”,
building on Charles Darwin's views on evolution. This phenomenon, now called
“Batesian mimicry”, which is defined as an edible species (mimic) evolving to resemble
a conspicuous inedible species (model), thereby gaining protection from predation, its
efficiency relying on confusing the mimic with the model (Carpenter and Ford 1933;
Ruxton et al. 2004). Batesian mimicry is observed among a wide variety of animals,
ranging from invertebrates to vertebrates, including several non-venomous snakes
mimicking the color pattern, head shape or behavior of sympatric venomous snakes to
avoid predation (Brodie 1993).

During our recent herpetological surveys in the south slope of the Qinling Moun-
tains, Shaanxi, China, two colubrid specimens were collected, which look quite differ-
ent to any of the known species but similar to Prozobothrops jerdonii (Figs 1-3). De-
tailed morphological examinations and further molecular analyses revealed that these
specimens represent a separately evolving lineage within the genus Elaphe and can be
distinguished from all congeners by morphological characters. We herein describe this
overlooked Elaphe population as a new species. Furthermore, we suspect this new spe-
cies is able to avoid predation by mimicking the syntopic pit-viper (2 jerdonii).

Materials and methods

Morphometrics

Morphological examinations were performed on two specimens collected from Cheng-
guan Town, Ningshaan County, Shaanxi Province, China (Fig. 4). Both specimens
were fixed in 10% buffered formalin after taking the tissue samples (liver or muscle),
and then transferred to 70% ethanol for permanent preservation. The specimens are
deposited in the Museum of Biology, Sun Yat-sen University (SYS r002534, Figs 1, 2,
3A) and Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Acad-
emy of Sciences (IVPP OV 2721, Fig. 3C).

Morphological descriptions follow Dowling (1951) and Zhao (2006). The follow-
ing measurements were taken with digital calipers (Neiko 01407A Stainless Steel 6-Inch
Digital Caliper, USA) to the nearest 0.1 mm: TL total length (from tip of snout to tip of
tail); SVL snout-vent length (from tip of snout to posterior margin of cloacal plate); TaL
tail length (from posterior margin of cloacal plate to tip of tail); HL head length (from
tip of snout to posterior margin of the mandible); HW maximum head width; ED eye
horizontal diameter; RW = maximum rostral width; RH maximum rostral height.

Scalation features and their abbreviations are as follows: DSR dorsal scale rows,
counted at one head length behind head, at midbody, and at one head length be-
fore vent; SPL supralabials; IFL infralabials; CS chin shields; PrO preoculars; PtO
postoculars; LoR loreal; aTMP anterior temporals; pTMP posterior temporals; PrV
preventral scales; V ventral scales; PrC precloacal plate; SC and subcaudals. Gender
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was determined by dissection or by the presence/absence of everted hemipenes. The
numbers of maxillary teeth (MT) were counted based on the three-dimensional recon-
structed model.

Other morphological characters (e.g., coloration, scalation, and size) for Elaphe
taxonomy were obtained from Boulenger (1894), Stejneger (1907), Wen and Ji (1997),
Zhao (2006), Huang et al. (2012), Jablonski et al. (2019), Shi et al. (2019) and Che
et al. (2020).

The following abbreviations for museum collections are used throughout the paper:

AMNH American Museum of Natural History;

BFU Beijing Forest University;

BM British Museum;

CAS Chinese Academic of Sciences;

IVPP  Institute of Vertebrate Paleontology and Paleoanthropology;
MHNG Muséum d’Histoire Naturelle, Geneve;

SYS Sun Yat-sen University.

X-ray scanning and three-dimensional reconstructions

The X-ray scanning was carried out with Nano-computerized tomography. Specimens
were scanned using a GE v|tome|x m dual tube 300/180kV system in the Key Labo-
ratory of Vertebrate Evolution and Human Origins, Institute of Vertebrate Paleon-
tology and Paleoanthropology (IVPP), Chinese Academy of Sciences. The specimen
was scanned with an energy beam of 80 kV and a flux of 80*pA using a 360° rota-
tion and then reconstructed into the 40964096 matrix of 1536 slices. The final CT
reconstructed skull images were exported with a minimum resolution of 6.099 pum.
The skull images were exported from the virtual 3D model which was reconstruct by
Volume Graphics Studio 3.0.

The dataset of the 3D model included in this study is available online in the re-
pository (ADMorph, Hou et al. 2020) at http://www.admorph.org/; https://doi.
org/10.12112/R.0005 (IVPP OV 2721, paratype).

DNA Extraction, Polymerase Chain Reaction (PCR) and sequencing

For the molecular analyses, two tissue samples of the new species were included, which
were taken prior to fixation, preserved in 99% alcohol, and stored at -40 °C.
Genomic DNA was extracted from muscle or liver tissue samples, using a DNA
extraction kit from Tiangen Bio-tech (Beijing) Co., Ltd. Partial segments of the mito-
chondrial genes, 16S ribosomal RNA gene (16S), cytochrome C oxidase 1 gene (CO1)
and Cytochrome b gene (cytb) were amplified. Nested PCR experiments were per-
formed as described in Li et al. (2017). Primers used for PCR and sequencing followed
Lietal. (2020), see Table 1 for details. The first PCR procedure was performed with an
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initial denaturation at 94 °C for 4 min, 35 cycles of 94 °C for 45 s, 45 °C for 40 s and
72 °C for 2 min, followed by a final extension at 72 °C for 10 min. The second PCR
procedure was performed with an initial denaturation at 94 °C for 4 min, 30 cycles of
94 °C for 45 s, 50 °C for 40 s and 72 °C for 1.5 min, followed by a final extension at
72 °C for 10 min. PCR products were purified with spin columns and then sequenced
using BigDye Terminator Cycle Sequencing Kit as per the guidelines on an ABI Prism
3730 automated DNA sequencer by Guangzhou Tianyi Huiyuan Bio-tech Co., Ltd.

Phylogenetic analyses

Fifty-nine sequences from 16 known Elaphe species plus six outgroup sequences from
Euprepiophis mandarinus (Cantor, 1842) used to root the tree, were obtained from
GenBank, and composed the dataset (Table 2).

DNA nucleotide sequences were aligned in the Clustal W algorithm with default
parameters (Thompson et al. 1997) in MEGA 6 (Tamura et al. 2013). The aligned 168,
CO1 and cytb datasets were partitioned by codons with no gap positions allowed and
applying default parameters in Gblocks version 0.91b (Castresana 2000). Three gene
segments, with 1329 base pairs (bp) of 16S, 657 bp of CO1, and 585 bp of cytb, were
concatenated seriatim into a 2571 bp sequence. With respect to the different evolu-
tionary characters of each molecular marker, the dataset was split into seven partitions
by gene and codon positions taking advantage of PartitionFinder 2.1.1 (Lanfear et al.
2012). The evolution models of each partition selected by PartitionFinder 2.1.1 were as
follows: partition 1: 16S, GTR+I1+G, 1287 bp; partition 2: COI\1, SYM+G, 219 bp;
partition 3: COI\2, HKY+I, 219 bp; partition 4: COI\3, TVM+G, 219 bp; partition
5:cytb\1, GTR+G, 195 bp; partition 6: cytb\2, HKY+I+G, 195 bp; partition 7:cytb\3,
GTR+G 195 bp. General time-reversible (GTR) model. Sequence data were analyzed
using Bayesian inference (BI) in MrBayes 3.2.4 (Ronquist et al. 2012), and maximum
likelihood (ML) in RaxmlGUI 1.3 (Silvestro and Michalak 2012). Two independent
runs were conducted in the BI analysis with 10,000,000 generations each and sampled

Table 1. Nested PCR primers for this study (Li et al. 2020).

Gene Primer name Assay Sequence
168 12S-16S_Phe_F1 1*PCR AAGCDYDGCRCTGAAAATGC
125-16S_NDI_R1 AANGCNACNGCDATNAR
$1289021.2 2 PCR YACACACCGCCCGTCA
$16S2984H2 GACCTGGATTDCTCCGGTCTGAACTC
COl COI_Asn_F1 1*PCR GDTTRGRYKDYTARYTGTTAAYTA
COI_Asp_R1 GTDATTYRRYYDYGACA
COI_25_F2 2 PCR TCRACHAAYCAYAAAGAYATYGG
COI_706_R2 TADACTTCWGGRTGDCCRAARAATCA
cytb Scytb15025F 1*PCR TGGTGGAAYTTYGGNWSNATGYT
Scytb15726R TANGCRAANARRAARTACCAYTC
Scytb15082F 2 PCR TTYTTYYTRGCNRTHCAYTAYAC

Scytb15692R GCYTTDVWRAARTTKTCNGGRTC
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Table 2. Localities, specimen vouchers and GenBank accession numbers of the specimens included in

this study.
No Species name Locality Sp Genbank accession b References
voucher 16SrRNA | CO1 Cytb

1 |Elaphe xiphodonta Ningshaan, Shaanxi, China SYS r002534 | MZ242100 | MZ19164 | MZ19166 This study
2 | Sp. nov. Ningshaan, Shaanxi, China IVPP OV 2721 | MZ242101 | MZ19165 | MZ19167 ‘This study

3 | Elaphe anomala Huangshan, Anhui, China HS11075 MK193929 | MK064632 | MK201281 Li et al. 2020

4 Elaphe bimaculata Huangshan, Anhui, China HS15168 MK193931 | MK064634 | MK201283 Li et al. 2020

5 | Elaphe cantoris Pailong, Tibet, China JK201705 | MK194263 | MK064913 | MK201564 Li et al. 2020

6 Elaphe carinata Guangze, Fujian, China HS13055 MK193932 | MK064635 | MK201284 Li et al. 2020
7 Longyou, Zhejiang, China HS13062 | MK193934 | MK064637 | MK201286 | Li ctal. 2020

8 Elaphe climacophora Abashiri, Hokkaido, Japan KUZ R64481 N/A LC328423 | LC327534 | Moriyama et al. 2018
9 | Deshikutsu, Hokkaido, Japan | KUZR68813 | N/A | LC328426 | LC327537 | Moriyama etal. 2018
10 | Elaphe davidi Taishan Mt., Shandong, China N/A KM401547 | KM401547 | KM401547 Xu et al. 2015

11 | Elaphe dione Taibai, Shaanxi, China HS11036 MK193928 | MK064631 | MK201280 Lietal. 2020

12 | Elaphe hodgsonii Jilong, Tibet, China HS13004 MK193983 | MK064680 | MK201335 Li et al. 2020

13 | Elaphe moellendorffi Yunlin, Guangxi, China S-113 N/A KF698944 | KF913314 Cao etal. 2014
14 | Elaphe quadrivirgata N/A N/A AB738958 | AB738958 | AB738958 | Direct Submission
? Ashiu, Kyoto, Kansai, Japan As1352 N/A N/A HQ122007 | Kuriyama et al. 2010
16 | Elaphe quatuorlineata| Crkvino, Northern Macedonia 1509 MK334307 | MK334307 | MK334307 | Jablonski et al. 2019
7 Galatas, Argolida, Greece ZMUP 60 N/A N/A MH444348 | ‘Thanou et al. 2020
18 | Elaphe sauromates Taganrogskyi Gulf, Russia ZISP 26197 N/A MK640250 N/A Jablonski et al. 2019
T Solenoe Ozero, “Crimea” 1179 MKO070315 | MK070315 | MK070315 | Jablonski et al. 2019
20 | Elaphe schrenckii Changbai, Jilin, China HS16031 MK193935 | MK064638 | MK201287 Li et al. 2020

21 | Elaphe taeniura Zhouzhi, Shaanxi, China HS2010025 |MK193982 | MK064679 | MK201334 Li et al. 2020
22 | Heishiding, Guangdong, China | SYS 1001057 |MK194113 | MK064790 | MK201445 Li et al. 2020

23 | Elaphe urartica Kisikly, Siiphan Mts., Bitlis, | ZDEU 26/2012 N/A MK640299 N/A Jablonski et al. 2019

Turkey

24 | Guzdak, Qobustan, Azerbaijan | IZANAS T17 N/A MKG640269 N/A Jablonski et al. 2019
25 | Elaphe zoigeensis Zoige, Sichuan, China HS11251 MK193927 | MK064630 | MK201279 Li et al. 2020
26 | Zoige, Sichuan, China HS2010015 | MK193930 | MK064633 | MK201282 | Li et al. 2020

27 | Euprepiophis HuangShan, Anhui, China HS12062 MK193939 | MK064643 | MK201291 Li et al. 2020
28 | mandarinus HuangShan, Anhui, China HS14017 | MK193940 | MKO064644 | MK201292 | Li et al. 2020

every 1000 generations with the first 25% of samples discarded as burn-in, resulting
in a potential scale reduction factor (PSRF) of < 0.005. In the ML analysis, a boot-
strap consensus tree inferred from 1000 replicates was generated. Nodes with Bayesian
posterior probabilities (BPP) 20.95 and ML support values of >70 were considered
strongly supported (Huelsenbeck et al. 2001; Wilcox et al. 2002). Pairwise distances (p-
distance) were calculated in MEGAG using the uncorrected model. Gaps/Missing Data
Treatment use the complete-deletion option, Substitutions to Include &: Transitions +
Transversions option.

Taxonomic accounts

Elaphe xiphodonta sp. nov.
http://zoobank.org/AEA2D68D-5621-4B08-A4AE-BD99FA2192B9

Material examined. Holotype. SYS r002534, adult female (Figs 1, 2, 3A), collected
by Yan-Bo Ma, Yi-Fei Gao on 4 September 2020 from Chengguan Town (33.58°N,
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Figure 1. General view of the holotype (SYS 1002534) of Elaphe xiphodonta sp. nov. in life. Photo by
Shuo Qi.

108.46°E (DD); ca 1731 m a.s.l.), Ningshaan County, Shaanxi Province, China. Para-
types. IVPP OV 2721, juvenile female (Fig. 3C), collected by Jing-Song Shi on 7
September 2020 from Chengguan Town (33.56°N, 108.50°E (DD); ca 1751 m a.s.l.),
Ningshaan County, Shaanxi Province, China (Fig. 4).

Etymology. The specific epithet “xiphodonta” of the new species comes from the
Ancient Greek “Eipoo (ksifos, refer to ‘knife’ or ‘blade’)” and “Sovr. (dénti, refer to
‘tooth’)”, meaning “blade-shaped teeth”, indicating that the new species has unique
blade-shaped MT and DT (Figs 5, 6), which differs from the inconspicuous dental
specializations (all teeth are cone-shaped) in its congeners. We suggest the Chinese for-
mal name as “Z £ 48" (Qin Hudng Jin Shé), which derived from Qin Shi Huang
(personal name: Ying Zheng or Zhao Zheng; 259 BC-210 BC), the founder of the
Qin dynasty and the first emperor of unified China, whose territory including the
distribution range of Elaphe xiphodonta sp. nov. The English name is suggested as “Qin
Emperor Rat Snake” or “Blade-teethed Rat Snake”.

Diagnosis. Elaphe xiphodonta sp. nov. can be differentiated from its congeners by
the combination of the following morphological characters: (1) medium body size ,
SVL 785 mm in single adult female; (2) dorsal scales in 21-21-17 rows, the medial 11
rows keeled; (3) supralabials seven or eight, third/fourth (right) or fourth/fifth (left)
in contact with eye, infralabials 9 or 10; (4) ventral scales 202-204; (5) subcaudals
67-68; (6) loreal single, not in contact with eye, not in contact with internasals; (7)
two preoculars (including one subpreocular), two postoculars; (8) two anterior tempo-
rals, three posterior temporals; (9) precloacal plate divided; (10) reduced teeth number
in maxilla and dentary bones (MT 9+2, DT 12; (11) sharp edges on the posterior or
posterolateral surface of the rear MT and DT; (12) top of head yellow, three distinct
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Figure 2. Detailed pholidosis of the head of the holotype (SYS r002534) of Elaphe xiphodonta sp. nov.
Photos by Shuo Qi, illustrated by Xue-Man Zheng.

markings on head and neck; (13) a distinct black labial spot present on supralabi-
als; (14) ground color of dorsum yellow, 4649 entire (or incomplete) reddish brown
blotches with black edges on body and 12—19 similarly colored spots on tail; (15) ven-
tral surface of body yellow with mottled irregular black blotches, a few irregular small
red spots dispersed on middle of ventral scales.

Description of holotype. Adult female (Figs 1, 2, 3A). Body and tail slender, TL
967.5 mm (SVL 785.2 mm, TalL 182.3 mm, TalL/TL: 0.19); dorsal scales in 21-21-17
rows, the medial 11 rows keeled, the vertebral scales not enlarged; head elongate, mod-
erately distinct from neck, longer than width and narrow anteriorly, HL 26.5 mm,
HW 18.1 mm (HW/HL: 0.68); eye medium, ED 3.2 mm, pupil elliptic; rostral tri-
angular, broader than high, RW 7.1 mm, RH 4.5 mm (RW/RH: 1.58; RW/HW:
0.39), visible from dorsum; nostril laterally pointed, located in the middle of nasal;
nasal divided into two scales by nostril; two internasals, anteriorly rounded, bordered
by two large prefrontals posteriorly; frontal single and enlarged, narrowed posteriorly;
parietals paired, longer than width, in contact with each other medially, with upper
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Figure 3. Comparison between Elaphe xiphodonta sp. nov. and sympatric Protobothrops jerdonii in differ-
ent age stages A adult Elaphe xiphodonta sp. nov. (SYS 1002534, holotype) B adult Protobothrops jerdonii
C juvenile E. xiphodonta sp. nov. IVPP OV 2721, paratype), road-killed specimen D juvenile P jerdonii
specimen in preservative. The black arrow points to the labial spot. Photos A, B, D by Shuo Qi, photo
C by Liang Sun.
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Figure 4. Type terra of Elaphe xiphodonta sp. nov (marked with red triangles), with the collection locali-
ties of some other Chinese species of Elaphe.

anterior and posterior temporals laterally; one loreal on each side, in contact with
nasal anteriorly, preocular posteriorly, prefrontals dorsally and the second supralabial
ventrally; one enlarged preocular in contact with eye and supraocular posteriorly, pre-
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Table 3. Uncorrected P-distance of CO1 gene among 17 Elaphe species used in this study.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 Elaphe xiphodonta sp. nov. 0.0

2 E. anomala 122/

3 E. bimaculata 164 129 /

4 E. cantoris 142 179 184 /

5  E. carinata 139 11.3 134 179 0.3

6 E. climacophora 157 16.0 15.7 19.1 144 0.0

7 E. davidi 144 122 11.5 195 135 135 /

8 E. dione 15.3 16.0 10.9 182 14.3 139 14.2 /

9 E. hodgsonii 13.8 17.1 167 13.7 162 173 148 164 /

10 E. moellendorffi 146 164 17.1 13.7 166 161 174 16.8 122 /

11 E. quadrivirgata 107 87 125 179 85 149 114 12.6 134 166 /

12 E. quatuorlineata 17.1 141 125 184 138 179 125 136 161 158 125 /

13 E. sauromates 155 139 14.1 19.1 155 147 145 134 173 166 156 85 03

14 E. schrenckii 122 0.0 129 179 113 160 122 16.0 17.1 164 8.7 14.1 13.9 /

15 E. taeniura 152 163 167 16.0 16.0 155 156 153 132 162 138 147 161 163 6.8

16 E. wrartica 14.1 140 139 16.8 12.7 13.7 133 11.8 152 156 125 94 89 140 165 0.0
17 E. zoigeensis 8.4 133 149 169 150 164 133 155 13.5 146 123 16.0 142 13.3 163 14.0 0.0

Table 4. Uncorrected P-distance of cytb gene among 16 Elaphe species used in this study.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 Elaphe xiphodonta sp. nov. 0.0

2 E. anomala 171/

3 E bimaculata 13.7 17.0 /

4 E. cantoris 172 16.6 182 /

5 E. carinata 18.7 141 14.6 19.1 0.0

6 E. climacophora 179 11.0 162 194 129 0.4

7 E. davidi 18.8 152 12.1 17.2 14.8 159 /

8 E. dione 19.6 19.0 15.0 152 18.6 17.6 16.1 /

9 E. hodgsonii 16.7 155 17.1 145 17.7 150 14.1 19.6 /

10 E. moellendorffi 21.7 185 21.8 163 164 17.6 18.6 20.7 14.8 /

11 E. quadrivirgata 19.7 13.1 154 169 126 133 13.8 155 158 189 0.9

12 E. quatuorlineata 16.7 13.0 16.5 145 13.7 11.0 13.7 155 174 17.1 11.7 0.0

13 E. sauromates 20.0 153 18.6 143 160 155 154 20.8 172 175 156 6.8 /

14 E. schrenckii 17.7 04 17.6 172 147 11.6 152 183 16.1 19.1 125 135 159 /

15 E. taeniura 163 17.8 154 128 161 17.1 150 166 129 159 147 140 150 184 54
16 E. zoigeensis 133 163 164 17.1 204 165 183 154 125 20.0 16.6 143 16.0 169 157 0.0

frontal and loreal anteriorly, a smaller subpreocular ventrally, and not in contact with
frontal; subpreocular in contact with eye and the third supralabial posteriorly, the sec-
ond supralabial anteriorly, and preocular dorsally; two postoculars, upper one in con-
tact with eye anteriorly, supraocular and parietal dorsally, and upper anterior temporal
posteriorly, bottom one in contact with eye anteriorly, with upper and lower anterior
temporals posteriorly, fifth and sixth supralabials below on left, and with fourth and
fifth supralabials below on right; eight supralabials on left, seven supralabials on right
(the third and the forth merged relative to left), first and second in contact with nasal,
fourth and fifth reaching orbit on left, third and fourth reaching orbit on right; ten in-
fralabials on left, nine infralabials on right, first pair in broad contact with each other,
first to fifth in contact with anterior pair of chin shields, fifth in contact with posterior
chin shields, fifth infralabial bipartitioned, lower part obviously larger than upper one;
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two pairs of chin shields, elongate, anterior pair larger, first pair meeting in midline,
posterior pair is separated by three small scales; two similarly sized anterior temporals
on left, lower one divided into two small scales on the right; three similarly sized
posterior temporals on each side; 204 ventrals, excluding two preventrals; 67 pairs of
subcaudals, excluding tail tip; precloacal plate divided.

Coloration in life. Dorsal surface of head yellow, three distinct markings on head
and neck; the anterior transverse black stripe, somewhat reddish medially, extends from
the posterior margin of rostral and through the each eye to last two supralabials and
adjacent small scales; interorbital arcuate cross-band, covering anterior part of frontals,
most part of prefrontals, top of supraoculars, bottom half of upper postoculars, intact
bottom postoculars, bottom half of upper temporals, most of bottom of temporals,
dorsal edge of sixth left supralabials (fifth on the right), dorsal half of seventh suprala-
bials (sixth) and bottom half of posterior-most supralabials, not reaching internasals,
connected to largest posterior marking from mediolateral part; largest marking is a dis-
tinct black “M”-shaped marking that is reddish medially, covering the posteromedial
part of the frontals, posterior part of supraoculars, most of parietals, dorsal margin of
upper temporals, posteriorly extended, forming two thick black-edged reddish brown
stripes on nape. Lateral surface of head yellow, a few small black spots dispersed on
supralabials (2, 4 and 5 on left and 2, 3 and 4 on right) and subpreocular, a distinct
scutellate black labial spot on the junction of the 2, 3 and right subpreocular (absent
on left). Ventral surface of head consistently light-yellow, a few small black spots dis-
persed on the mental, infralabials, and anterior chin shields. An irregular spot occurs
on the posterior edge of the junction of two anterior chin shields. Mouth lining is
pale-heather and tongue is black.

Ground color of dorsal surface yellow, 49 complete or incomplete, black-edged
reddish brown blotches on body and 12 similarly colored spots on tail; dorsal blotches
on body approximately three to five scales in length, and eight to eleven scales rows in
width; each blotch is usually composed of reddish brown scale with dark-brown edges.
Two rows of smaller, black-edged reddish brown blotches on both side of the larger
mid-body blotches, alternating with the mid-body blotches, each blotch covers 2—4
dorsal scales and separated from ventral scales by two rows of the dorsolateral scales.
Ground color of ventral surface is yellow, mottled with irregular black blotches, a few
irregular small red spots scattered midventrally.

Intraspecific variation. Measurements, body proportions and scale and pattern
counts of the two specimens are listed in Table 5. The third and fourth supralabials are
merged on right in holotype, which leads to the different supralabial counts. Regard-
less of the slight variation in scalation among the type series of E. xiphodonta sp. nov.,
the color pattern varies considerably between the juvenile and the adult: In adult one
(SYS 1002534, holotype), the color of the rostral, top and side of head, and chin, as
well as dorsal and ventral sections of body are consistently light-yellow, whereas in the
juvenile (IVPP OV 2721), the color of head and dorsal body is greyish to olive-green;
the ventral scales and subcaudal scales are oyster white, with irregular greyish black
spots. The juvenile has a similar dorsal pattern as the adult.
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Table 5. Measurements and scale counts and body proportions of Elaphe xiphodonta sp. nov.

Voucher SYS r002534 IVPP OV 2721
Sex female female
SVL 785.2 307.5
TaL 182.3 62.5
TL 967.5 370.1
TaL/TL 0.19 0.17
HL 26.5 17.64
HW 18.1 11.14
HW/HL 0.68 0.63
ED 3.2 2.8
RW 7.1 3.4
RH 4.5 2.0
RW/RH 1.58 1.70
RW/HW 0.39 0.31
DSR 21-21-17 21-21-17
SPL 8/7 8/8
IFL 10/9 11/11
CS 4 (2 pairs) 4 (2 pairs)
A\ 204 202
SC 67 67/68
MT 11 (9+2) 11 (9+2)
Dorsal blotches 61 (49+12) 65(46+19)

Skull. The osteological description is based on a road-killed juvenile individual
(Paratype, IVPP OV 2721, Figs 5, 6). The skull is nearly completely preserved except
for the slightly crushed parietal, and basioccipital bones.

Snout (Fig. 5). The premaxilla is short and blunt. The ascending process is later-
ally expanded and slanted posteriorly as in many borrowers (e.g., Euprepiophis and
Archelaphe), rendering it hourglass-shaped in anterior view. The transverse process of
premaxilla is flat, triangular-shaped in dorsal view. The posterior end of vomerine pro-
cess of premaxilla contacts the tip of both vomer and septomaxilla. The posteromedial
surface of vomerine process is expanded and oval shaped. The anterior section of the
dorsal plate of nasal is tapered while the posterior section is expanded as oval shaped.
The dorsal surface is slightly bulged.

Braincase (Fig. 5). The parietal is blunt and rounded, lacks a lateral crest on
each side. The prefrontal is slender, somewhat rectangular. The anterolateral process is
blunt. The anterior margin of frontal presents as trapezium-shaped. The lateral margin
slightly concave. The postorbital is crescent-shaped, the anterodorsal process does not
contact the frontal. The ventral process of postorbital is tapered, not furcated. The
supraoccipital is rectangular and compressed, bearing a trifurcated dorsal ridge. The
basisphenoid is wide and flat, with no conspicuous ridges on the ventral surface. The
rostrum of parasphenoid is not divided. The angular surface between the basisphenoid
and basioccipital is smooth. The columella is stubby, the shaft of columella quite short,
approximately 1.2 times as length as the diameter of foot plate. The foramina for
maxillary branch of trigeminal (f5b) and mandibular branch of trigeminal (f5¢) nerves
are oval shaped, not reaching the margin of prootic. The f5b is approximately 1/2 the
width of f5c.
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Figure 5. Three-dimensional model of the skull of Elaphe xiphodonta sp. nov. IVPP OV 2721, para-

type). Left, dorsal view; middle, ventral view; right, lateral view. (Right palatomaxillary arch, mandible

and suspensorium are not shown). Implemented by Peng-Fei Yin, Ye-Mao Hou and Jing-Song Shi.

Palatomaxillary arch (Fig. 6) The maxilla is slender. The maxillary nutrient fora-
men is transversely elongate, oval shaped and opens on the anterolateral side at the
level of the third maxillary tooth and perforates the maxilla laterally. The anterior por-
tion of maxilla curves slightly inward. The palatine process of maxilla is elongate while
the ectopterygoid process is short and bunt.

The maxilla has 11 teeth on each side, with one or two rows of replacement teeth
on the lingual side. In contrast to other species of Elaphe, the maxillary dentition of the
new species is conspicuously differentiated. The anterior five MT have inconspicuous
posterolateral ridges, while the posterior six teeth have a sharply edged ridge on their
posterior margin (which could be also described as: the posterolateral ridge gradually
moved posteriorly by the MT row, forming a sharp cutting edge on the posterior MT),
forming blade-like teeth. The MT increase in size posteriorly, the posterior-most two
being the largest, not separated from the anterior teeth by a diastema. The cutting edg-
es of the posterior four MT slightly posteriorly convex, rendering them kukri shaped.

The palatine bears nine teeth, with one row of replacement teeth on the labial
side. The choanal process of palatine (chp) forms a right triangular in dorsal view. The
anterolateral margin of the maxillary process forms an approximate 30° angle with the
medial line. The posterior margin of maxillary process is perpendicular to the medial
line and collinear with the anterior margin of the choanal process. The pterygoid is
slender and lanceolate in shape, 1.8 times the length of palatine, bearing 12 solid teeth
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Figure 6. Palatomaxillary apparatus and mandibles of Elaphe xiphodonta sp. nov. (IVPP OV 2721, para-
type). Implemented by Peng-Fei Yin, Ye-Mao Hou and Jing-Song Shi A ventral (A1) and dorsal (A2) view
of left palatomaxillary apparatus B posterolateral view of left maxilla (B1) and right dentary (B2), with cut-
ting edges (ce) and caudolateral ridges indicated € labial (C1, right), ventrolateral (C2, left), ventral (C3,
right, mirrored) and dorsal (C4, left) view of maxilla D Labial (D1) and lingual (D2) view of right dentary
E labial (E1), lingual (E2), ventral (E3) and dorsal (E4) view of right mandible. Abbreviations: an. angular,
at. atlas, ax. axis, bo. basioccipital, bs. basisphenoid, bt. blade teeth (“xiphodont”), ce. Posterior cutting
edge of the blade teeth, chp. choanal process of palatine, clr. caudolateral ridge of the teeth, cp. compound
bone, d. dentary, dpd. dorsal process of dentary, ecp. ectopterygoid, epm. ectopterygoid process of maxilla,
etp. empty tooth position, exo. exoccipital, f. frontal, f5b. foramen for maxillary branch of trigeminal, f5c.
foramen for mandibular branch of trigeminal, If. lacrimal foramen, Ife. lateral furcula of ectopterygoid,
m. maxilla, na. nasal, mfe. mesial furcula of ectopterygoid, mp. maxillary process of palatine, nf, nutrient
foramen, p. parietal, pcr. prearticular crest of compound bone, pfr. prefrontal, pmx. premaxilla, po. postor-
bital, pp. palatine process of maxilla, pro. prootic, psp. parasphenoid rostrum, pt. pterygoid, pVf. posterior
Vidian foramen, rpt. replacement teeth, sac. surangular crest of compound bone, smx, septomaxilla, so.
supraoccipital, sp. splenial, st. supratemporal, v. vomer, vpd. ventral process of dentary, 5. fracture surface.

(with one row of replacement teeth on the labial side). The ectopterygoid process and
the medial transverse process of pterygoid are very small and difficult to see. The ec-
topterygoid is horizontally expanded, and outwardly curved in dorsal view. The labial
furcula of ectopterygoid is oval, and distinct from the lingual process. The medial fur-
cula (medial process) is elongate and spiculate, slightly curved ventrally.

Suspensorium and mandible (Figs 5, 6) The mandible is slender and moderately
curved. The supratemporal is flat and slender, fusiform, and the anteroventral margin
is slightly angulated upward. The quadrate is triangulated in lateral view, and approxi-
mately the same length as supratemporal. The supratemporal angular surface of the
quadrate is expanded, elongated and oval shaped. The prearticular crest (pcr) of the
compound bone is prominent while the surangular crest (sac) is absent. The angular
is slender and triangular. The splenial is triangular, coracoid shaped and shorter than
angular. The dental bone bears 13 teeth, decreasing in size at the fifth tooth, with one
or two rows of replacement teeth on the lingual side. The posterior tip of dorsal pro-
cess of dentary extends farther posteriorly than the ventral process. The largest dentary
nutrient foramen is elongated-oval shaped and lies below the seventh tooth.

Dentition (IVPP OV 2721, paratype) Maxilla: 11/11 (9+2); pterygoid: 12/12;
palatine: 9/9; dentary: 13/13. Dentitional comparisons within the genus Elaphe and
some related colubrid groups are listed in Table 6.

Comparisons. Detailed comparisons among Elaphe species are given in Table 7
and Fig. 7.

Elaphe xiphodonta sp. nov. is distinct from all of its congeners by having fewer M T,
enlarged posterior MT, cutting edges on both MT and DT, and three rows of large,
black-bordered reddish brown dorsal blotches.

Additionally, Elaphe xiphodonta sp. nov. can be distinguished from E. cantoris,
E. climacophora (Boie, 1820), E. hodgsoni, E. moellendorffi, and E. taeniura by having
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Table 6. Dentition comparison of the Elaphe species and related colubrid species.

Taxon (n) Maxillary Blade teeth Palatine Pterygoid Dentary Reference
Elaphe
E. xiphodonta sp. nov. (1) 11/11 Y 9/9 12/12 13/13 this study
E. bimaculata (1) 19/20 N 9/10 15/16 18/19 this study
E. carinata (5) 17 N 9-11 13-16 19-21 this study
E. climacophora (2) 17 N 11 17-20 23-25 Helfenberger and Schitti 1998
E. dione (2) 16-20 N 7-9 12-13 18-23 this study
E. davidi (3) 16-17 N 9-12 12-16 16-19 Helfenberger and Schitti 1998
E. moellendorffi (2) 22-23 N 11 19-22 27-29 this study
E. schrenckii (2) 16-17 N 10-11 12-13 19-21 this study
E. taeniura (3) 17-23 N 10-11 16-19 19-23 this study
E. zoigeensis (2) 14-17 Y 10-10 10-13 16-17 this study
Euprepiophis
Eu. mandarinus (2) 16-19 Y 10-11 19-24 19-22 this study
Eu. perlaceus (2) 20-20 Y 12-12 18-21 21-22 this study
Coelognathus
C. flavolineatus (1) 23 N 11/13 25/26 27/28 this study
C. philippinus (1) 25 N 12/13 26/27 29/28 this study
C. radiatus (5) 20-23 Y 10-12 18-24 23-27 this study
Oligodon
OL ornatus (1) 8/8 Y 414 5/5 13/13 this study
QOocatochus
Oo. rufodorsatus (2) 18-19 Y 10-11 17-18 21-23 this study
Gonyosoma
G. oxycephalum (1) 23/23 N 10/10 14/13 26/26 this study
Ptyas
P carinata (2) 24-25 Y 17-15 19-20 22 this study
P dhumnades (1) 26 Y 21/20 23 26 this study
Dasypeltis
D. scabra (2) 7-6 N 8-9 0 3-3 Helfenberger and Schiitti 1998
Thermophis
T. zhaoermii (2) 19-21 Y 12-16 18-23 21/24 this study

Abbreviations: 7. number of referenced specimens (if N = 1, the dentition count are listed as: left/right; V> 1: minimum — maximum).

Table 7. Diagnostic characters separating all 17 species of the Elaphe, with distinguishing characters
marked in bold. *: Counts of PrO contain subpreocular.

Species maximum DSR SPL IFL PrO*  PtO T™MP \'% SC
SVL
(in mm)

Elaphe xiphodonta 785 21-21-17 8(7) 9 (10) 2 2 243 202-204 67-68
SP. nov.

Elaphe anomala 1925 23 (21-25)-23 (19-23)-19 (17-19) 8 9-11 2(1)  2(1)  2(33)+3(Q) 203225 45-77
Elaphe bimaculata 760 23 (23-25)-23 (21-25)-19 (21) 8(7) 9-12 2(1) 2 2+3 170-209 61-81
Elaphe cantoris 1158 19 (20, 21)-19 (21-23)-17 8 9-10 2 2 243 (2) 226-239 78-87
Elaphe carinata >2000 23 (21-25)-23 (21-25)-19 (17) 8(9) 9-12 2(1) 2 243 186-227 69-102
Elaphe climacophora > 1500 NA-23 (25)-NA 8(9) 11 2 2 2+3(2) 222-236 97-116
Elaphe davidi 1227 25(22-27)-23 (22-25)-19 (17-21)  8(7) 11-13  2(1,3) 2(1-4) 2(1,3)+4 (2-3) 155-183 53-72
Elaphe dione 893 25(21-27)-25 (21-27)-19 (17-21)  8(9) 9-11 2(1) 2 243 168-206 51-84
Elaphe hodgsoni 1190 23 (21-25)- 23 (21-25)-17 8(9) 9-12  2(1) 2 2(1,3)+3(2,4) 228247 72-92
Elaphe moellendorfi 1602 25 (23-27)-27 (5)-19 (21) 9(10)  10-13 2 2 2(3)+3(4) 270-278 92-102
Elaphe quadrivirgata ~ >1000 NA-19-NA 8 11 2 2 2(D+3(2) 195215 70-96
Elaphe quatuorlineata > 2000 25-25 (23-27)-19 8(9) 11 2(3) 203) 2(3)+3 (4) 187-234 56-90
Elaphe sauromates 1250 25 (21-27)-25 (23,24)-19 (18-21) 8 (7-10) 11 (9-12) 2(1,3) 2(1) 2(1,3)+4(2-5) 199-222 61-79
Elaphe schrenckii 1335 23 (21)-23 (21)-19 8(7) 8-11 2(1) 2 2+3(2) 208-224 57-75
Elaphe taeniura > 2000 25(23)-23(21,25)-19(17)  9(6-10) 9-13  2(1) 2(3) 2(1,3)+3 (2-5) 223-261 73-121
Elaphe urartica 970 25 (23,24)-25 (23,24)-19(18)  8(9) 11(10-13) 2(1,3) 2(1,3) 2(3)+4(2,3) 154211 G60-74

Elaphe zoigeensis 722 21-19(21)-17 7-8 9 3 2 2+3(2) 202-212  68-79




New Elaphe from China 39

Figure 7. Comparisons of general morphological characteristics with its congeners in China A Elaphe xi-
phodonta sp. nov. (SYS 1002534, holotype), Ningshaan, Shaanxi, by Shuo Qi B E. anomala, Benxi, Liaon-
ing, by Shuo Qi C E. bimaculata, Hong’an, Hubei, by Chong-Jian Zhou D E. cantoris, Bomé, Tibet, by
Jing-Song Shi E E. carinata, Mentougou, Beijing, by Jing-Song Shi F E. davidi, Benxi, Liaoning, by Jing-
Song Shi G E. dione, Yongdeng, Gansu, by Shuo Qi H E. hodgsonii, Gyirong, Tibet, by Shuo Qi I E. moe-
Uendorffi, Chongzuo, Guangxi, by Jia-Jun Zhou } E. schrenckii, Baishan, Jilin, by Shuo Qi K E. taeniura
from Hangzhou, Zhejiang, by Wei-Liang Xie L E. zoigeensis, Jiuzhaigou, Sichuan, by Jin-Wang.

fewer ventral scales (202-204 vs. 226-239 in E. cantoris, 222236 in E. climacophora,
228-247 in E. hodgsoni, 270-278 in E. moellendorffi, and 223-261 in E. raeniura),
fewer subcaudals (67-68 vs. 78-87 in E. cantoris, 97-116 in E. climacophora, 72-92
in E. hodgsoni, 92-102 in E. moellendorffi, and 73—121 in E. taeniura), smaller body
size (SVL 785 mm in single adult female vs. maximum SVL 1158 mm in E. cantoris,
> 2000 mm in E. climacophora, 1190 mm in E. hodgsoni, 1602 mm in E. moellendorf,
and > 2000 mm in E. taeniura), and vastly different color pattern (Table 7).

Elaphe xiphodonta sp. nov. can be differentiated from E. quatuorlineata Lacepede,
1789, E. sauromates (Pallas, 1811) and E. urartica (Jablonski, Kukushkin, Avci, Bun-
yatova, Ilgaz, Tuniyev & Jandzik, 2019) by having fewer dorsal scale rows (21-21-17
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vs. 25-25 (23-27)-19 in E. quatuorlineata, 25 (21-27)-25 (23, 24)-19 (18-21) in E.
sauromates and 25 (23, 24)- 25 (23, 24)-19 (18) in E. urartica) and a vastly different
color pattern. Beyond that, E. xiphodonta sp. nov. can be further differentiated from
E. quatuorlineata and E. sauromates by its smaller body size (SVL 785 mm in single
adult female vs. maximum SVL > 2000 mm in E. quatuorlineata and 1250 mm in
E. sauromates).

Elaphe xiphodonta sp. nov. can be differentiated from Elaphe carinata, E. davidi and
E. quadrivirgata (Boie, 1826) by its smaller body size (SVL 785 mm in single adult
female vs. maximum SVL > 2000 mm in E. carinata, 1227 mm in E. davidi, and >
1000 mm in E. guadrivirgata), having fewer subcaudals (67-68 vs. 69—102 in E. cari-
nata, 70-96 in E. quadrivirgata), and a vastly different color pattern.

Despite the morphological similarities to E. bimaculata, E. dione, and E. zoigeen-
sis, Elaphe xiphodonta sp. nov. differs from them by having different dorsal scale row
counts (21-21-17 vs. 23 (23-25)-23 (21-25)-19 (21) in E. bimaculata), fewer preocu-
lars (2 vs. 3 in E. zoigeensis), fewer MT (11/11 vs. 19/20 in E. bimaculata, 16-20 in
E. dione, and 14-17 in E. zoigeensis (Table 6), blade-like posterior MT and the unique
color pattern within the genus Elapbe.

Molecular phylogeny. The ML and BI analyses produced identical topologies,
which were integrated in Fig. 8. The pairwise distances based on CO1 and cytb genes
among all species are given in the Tables 3, 4, respectively.

The phylogenetic analyses recovered a strongly supported monophyletic lineage
containing all Elaphe (BS 100; BPP 1.00) which can be divided into three strongly
supported clades (BS 95-97; BPP 1.00). Clade 1 includes all species previously in the
genus “Orthriophis” with strong nodal support (BS 95; BPP 1.00). Notable intraspe-
cific genetic differentiation within £. taeniura (mean p-distances 6.8% in CO1, 5.4%
in cytb), pertains to different geographical clades.

The two samples from Chengguan Town, Shaanxi are clustered together with
strong support (BS 100; BPP 1.00) with nearly no molecular divergence (mean p-
distances 0% in CO1, 0% in cytb) between them. The clade of the above-mentioned
specimens constitutes a sister clade with E. zoigeensis (Clade2, mean p-distances 8.4%
in CO1, 13.3% in cytb).

Within Clade 3, the relationship between Elaphe anomala and E. schrenckii are
worth noting. These two species form a strongly supported monophyletic group (BS
100; BPP 1.00) bearing low interspecific molecular divergence (mean p-distances 0.0%
in CO1, 0.4% in cytb), suggesting they may be different color morphs of the same
species, as mention before (An et al. 2010). However, given their distinctive color pat-
tern differences and obvious geographical separation, we follow the current taxonomy.

Based on their phylogenetic relationships, genetic differentiation, and morpho-
logical distinctiveness (see Taxonomic accounts below), we hypothesize that the popu-
lation from Chengguan Town, Shaanxi represents a separately evolving lineage and
should be described as a new species.

Distribution, ecology and habit. Elaphe xiphodonta sp. nov. is currently known
only from the Chengguan Town, Ningshaan County, Shaanxi Province, China. The
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Figure 8. Bayesian inferenced topology of 13 Elaphe species, based on the four partial mitochondrial DNA
sequences (128 rRNA, 16S rRNA, CO1 and Cytb genes). BPP and BS values, respectively, occur at the nodes.

new species inhabits sunny or semi-sunny gravels and bushes on slopes of less than 20°,
along Chang’an River with an average width of 3 m. Elevation of the habitat ranges
from 1700 to 1900 m. The vegetation types are Abies fargesii forest with artificial Picea
asperata, Salix fargesii, Rubus koereana, Betula albosinensis and Fargesia qinlingensis. The
canopy density is 0.75 (Bu and Zheng 2015). The new species is sympatric with Na-
norana unculuanus, Scutiger ningshanensis, Euprepiophis perlaceus, Rhabdophis nuchalis,
Stichophanes ningshaanensis, Gloydius qinlingensis and Protobothrops jerdonii (Fig. 9).
When being captured, the new species flattens its head triangular and releases scent
from the cloacal scent glands with smells a bit similar to 2 jerdonii.

In feeding habits, the fecal samples from the holotype were checked and contained
only feathers, indicating that this species is at least a bird-eater. The holotype was ob-
served to prey on captive nesting quail and quail egg.
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Figure 9. Habitats of Elaphe xiphodonta sp. nov. (Ningshaan County, Shaanxi), Provide by Shu-Hai Bu.

Discussion

This study described a new Elaphe species which has a unique coloration and special-
ized teeth and had been overlooked for a long time during previous surveys. The new
species was mistaken for P jerdonii, which it mimics, at first glance during the field
work. Nevertheless, the mimicry in E. xiphodonta is not unique within Elaphe. The
coloration and head shape of E. davidi mimics that of the sympatric Gloydius spp.
(Zhao 20006). Gloydius ginlingensis and Protobothrops jerdonii are sympatric with E.
xiphodonta. Elaphe xiphodonta is similar to P jerdonii in body shape, coloration, pattern
and cloacal gland odor. Therefore, we hypothesize that E. xiphodonta is mimicking the
model P jerdonii as a means to avoid predation. Additional observations concerning the
potential mimic-model relationship between E. xiphodonta and R jerdonii are necessary.

Elaphe dione was previously widely recorded from northern China (Zhao 2000). Its
distribution is currently restricted to Qinling Mountains-Huaihe River Line, and the
records from other localities may belong to different taxa (e.g., E. zoigeensis, Huang et
al. 2012). Previously collected specimens designated as E. dione (e.g., Fang and Song
1981) from Ningshaan County and surrounding areas are worth carefully re-examining.

Based on the dentition comparison in Table 6, it is clear that E. xiphodonta has
far fewer MT and DT than most other species of Elaphe, which have more than 14
MT and DT. The tooth morphology of E. xiphodonta is similar to that of the genus
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Oligodon in a number of ways. Their reduced number and the specialized shape might
relate to their unusual diet, since the morphology of the teeth in snakes have yet to be
correlated with diet and prey-handling behaviors (Cundall and Irish 2008; Shi 2020).
Some lizard-eating snakes tend to have numerous and closely spaced teeth (e.g., Scaph-
iodontophis, Sibynophis and Liophidium Zaher et al., 2012) while many oophagous
snakes have reduced numbers of MT and DT (e.g., Dasypeltis). Blade-like rear teeth
(sickle or kukri in shape, with sharp cutting edges on the posterior margins of two or
more posterior MT) occur widely in many clades of the superfamily Colubroidea (e.g.,
Colubridae, Dipsadidae, Natricidae and Pseudoxenodontidae), most of which are anu-
ran predators (e.g., Heterodon, Hydrodynastes and Rhabdophis) while some of the others
tend to feed on eggs (e.g., Oligodon, Prosymna and Cemaphora) or lizards (e.g., Orien-
tocoluber and Hemorrhois). The diet and prey behaviors of the above-mentioned snakes
have been widely reported in previous studies (Henderson 1984; Cundall and Greene
2000; Cundall and Irish 2008; Zaher et al. 2012), whereas far fewer comprehensive
studies have focused on the function of blade-like teeth. A recent study indicated that a
large proportion of anuran predators have blade-like rear teeth. Some snakes have been
observed to deflate their anuran prey by puncturing and slicing their skin (e.g., Pseudo-
agkistrodon rudis; Shi 2020) or to consume the egg liquid (or embryos) of reptile eggs
by cutting through their shells (e.g., Oligodon, Prosymna and Cemophora). Hence, we
speculate that E. xiphodonta preys on frogs or eggs in the wild. In view of the limited
numbers of the specimens in the present study, further field observation is needed to
verify the above-mentioned hypothesis.
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Appendix |

Details of the osteological specimens examined for dentition comparisons in this study.

Colubridae
Elaphe
E. xiphodonta sp. nov. IVPP OV 2721, 3D model of impregnated specimens, IVPP.
E. zoigeensis IVPP OV 2672, 3D model of impregnated specimens, I[VPP.
E. carinata INPP OV 2296, osteological specimens, IVPP.
E. climacophora SH 530, lateral and dorsal views of skull (Helfenberger and Schitti
1998).
E. davidi BM 1916.1.15.17, lateral and dorsal views of skull, BM (Helfenberger
and Schitti 1998).
E. dione IVPP OV 2302, osteological specimen, IVPP.
E. moellendorffi IVPP OV 2686, osteological specimen, IVPP.
E. schrenckii IVPP OV 2295, osteological specimen, IVPP.
E. taeniura IVPP OV 2298, osteological specimen, IVPP.
Coelognathus
C. flavolineatus INPP OV 2687, osteological specimen, IVPP,
C. radiatus IVPP OV 2411-2415, osteological specimens, IVPP.
Euprepiophis
Eu. mandarinus INPP OV 2675, osteological specimen, IVPP.
Oligodon
OL. ornarus SYS 1001297, 3D model of Impregnated specimens, SYS.
Oocatochus
Oo. Rufodorsatus IVPP OV 2691, osteological specimen, IVPP.
Ptyas
P dhumnades IVPP OV 2686, osteological specimen, IVPP,

Dipsadidae
Dasypeltis
D. scabra MHNG 1362.78, lateral and dorsal views of skull (Helfenberger and
Schitti 1998). MHNG; AMNH r-31638, 3D model of impregnated speci-
mens, AMNH.
Thermophis
1" zhaoermii BFU R_Th_001. 3D model of impregnated specimen, BFU.
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Abstract

A new species of Nanorana Giinther, 1896 is described from Yunnan Province, China, based on mor-
phological and molecular evidence. Morphologically, Nanorana xuelinensis sp. nov. is distinguished from
its congeners by a combination of the following diagnostic characters: body size large; adult males with
keratinized spines on chest, belly, lateral body, posterior dorsum, buttocks, outer side of the fore limbs, the
inner metacarpal tubercle, fingers I and I, and upper eyelids; no spines on the inner side of the lower and
upper arm; forelimbs strongly hypertrophied in adult males; anterior dorsum skin smooth; dorsolateral
folds absent; finger I longer than finger II; webbing deeply incurved between tips of toes; present outer
metacarpal tubercle and absent outer metatarsal tubercle. The new species is separated from all other con-
geners by uncorrected genetic distances ranging from 5.2% to 7.3% based on mitochondrial 16S rRNA
gene and ranging from 3.9% to 7.6% based on mitochondrial 12S rRNA gene.
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Introduction

The tribe Paini is a widespread, complex taxon, and there are many different views
on the classification of this taxon. Dubois (1992) first proposed the tribe Paini to
include the genera Paa Dubois, 1975 and Chaparana Bourret, 1939. Roelants et al.
(2004) suggested that Nanorana Giinther, 1896 is imbedded within Pz on the basis of
molecular data. Jiang et al. (2005) presented that Quasipaa Dubois, 1992 is a distinct
genus in the tribe Paini. Chen et al. (2005) placed Chaparana, Paa, and Nanorana
into Nanorana on the basis that Paa is paraphyletic with respect to Nanorana and
Chaparana. Ohler and Dubois (2006) described two new genera in the tribe Paini,
namely Allopaa Ohler & Dubois, 2006 and Chrysopaa Ohler & Dubois, 2006. Che
et al. (2010, 2020) considered that the high elevation species of Nanorana represent
dwarfed and degraded ones derived from lower elevation Pza on the basis of evidence
of molecular phylogeny. Dubois et al. (2021) presented a different classification of
the tribe Paini that included more genera, namely Chaparana, Diplopaa Dubois,
Ohler & Pyron, 2021, Feirana Dubois, 1992, Gynandropaa Dubois, 1992, Nanorana,
Ombropaa Dubois, Ohler & Pyron, 2021, and Paa.

To reduce confusion, we currently use the classification system on the “Amphib-
ian Species of the World” website (Frost 2021). In this classification system, the genus
Nanorana now contains 30 species (Frost 2021), of which 21 species were recorded in
China (AmphibiaChina 2021).

During a field survey in Yunnan, China in 2019, some specimens of the genus
Nanorana were collected. Morphological and molecular analyses indicated that these
frogs were distinctive, differing from all known species of genus Nanorana. Therefore,
we described them here as a new species.

Materials and methods

Sample collection

Specimens were collected by hand from Lancang County, Yunnan, China, euthanized,
tissue samples taken, then preserved in 75% ethanol. Tissue samples were taken from
liver and placed in 99% ethanol and subsequently stored at -80 °C. All specimens
were deposited at Kunming Natural History Museum of Zoology, Kunming Institute
of Zoology, the Chinese Academy of Sciences (KIZ).

Laboratory methods

Genomic DNA extracted from 99% ethanol-preserved liver tissues, using DNA ex-
traction kit from Beijing Dingguo Changsheng Biotechnology Co. Ltd. Two mi-
tochondrial genes, 12S and 16S, were amplified. Primers used for 12S were FSO1:
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5'-AACGCTAAGATGAACCCTAAAAAGTTCT-3" and R16: 5-ATAGTGGGG-
TATCTAATCCCAGTTTGTTTT-3" (Qi et al. 2019) and for 16S were 16Sar: 5'
-CGCCTGTTTACCAAAAACAT-3" and 16Sbr: 5'-CCGGTYTGAACTCAGAT-
CAYGT-3' (Palumbi et al. 1991). PCR conditions followed Qi et al. (2019). Amplifi-
cations were processed with the cycling conditions that initial denaturing step at 94 °C
for 5 min, 35 cycles of denaturing at 94 °C for 30 sec, annealing at 55 °C for 30 sec
and extending at 72 °C for 1 min, and final extending step at 72 °C for 5 min. PCR
products were isolated through electrophoresis using 1% agarose gels, and further puri-
fied using Millipore Microcon Kits. Purified PCR products were sequenced by Davis
Sequencing using BigDye terminator 3.1 and sequences were edited and manually
managed using SeqMan in Lasergene 7.1 (DNASTAR Inc., Madison, WI, USA) and
MEGA X (Kumar et al. 2018). All sequences were deposited in GenBank (Table 1).

Phylogenetic analyses

Total genomic DNA was isolated from the tissue samples of three individuals. Quasi-
paa boulengeri (Giinther, 1889) and Limnonectes fragilis (Liu & Hu, 1973) were used as
outgroups according to Qi et al. (2019). The mitochondrial genes 128 ribosomal RNA
(12S) and 16S ribosomal RNA (16S), and the nuclear genes recombination activat-
ing protein 1 (Ragl), rhodopsin (Rhod), and tyrosinase (Tyr) of 19 known Nanorana
species and two outgroup species were obtained from GenBank. Detail information of
these materials are given in Table 1.

Sequences were aligned using Clustal W (Thompson et al. 1994) integrated in
MEGA X (Kumar et al. 2018) with default parameters. The genetic divergences (un-
corrected p-distance) were calculated in MEGA X (Kumar et al. 2018). 12§, 16S,
Ragl, Rhod, and Tyr gene segments were concatenated seriatim into a single partition.
Bayesian inference (BI) was performed in MrBayes 3.2.7 (Ronquist et al. 2012) and
used the Akaike information criterion (AIC) in ModelFinder (Kalyaanamoorthy et
al. 2017) to calculate that GTR+F+1+G4 was the best-fit model of evolution for 12S
and 16S; HKY+F+I was the best-fit model of evolution for Ragl, Rhod, and Tyr. Two
runs were performed simultaneously with four Markov chains starting from a random
tree. The chains were run for 1,000,000 generations and sampled every 100 genera-
tions. The first 25% of the sampled trees was discarded as burn-in after the standard
deviation of split frequencies of the two runs was less than a value of 0.01, and then
the remaining trees were used to create a 50% majority-rule consensus tree and to
estimate Bayesian posterior probabilities. Maximum likelihood (ML) analysis was per-
formed in IQ-TREE (Nguyen et al. 2015) and used the Akaike information criterion
(AIC) in ModelFinder (Kalyaanamoorthy et al. 2017) to calculate that GTR+F+R3
was the best-fit model of evolution for 12S and 16S, and that TPM3+F+I was the best-
fit model for Ragl, Rhod, and Tyr. 1000 bootstrap pseudoreplicates via the ultrafast
bootstrap (UFB; Hoang et al. 2018) approximation algorithm were used to construct
a final consensus tree.
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Table I. Information of samples used in molecular analysis.

Species name Locality Specimen voucher 128 16S Ragl Rhod Tyr
Nanorana aenea Sa Pa, Lao Cai, Vietnam ROM37984 EU979693 EU979830 HM163609 EU979895 EU979986
Nanorana aenea Sa Pa, Lao Cai, Vietnam ~ MNHN 1999.5818  AY880456  AY880443 - - -
Nanorana blanfordii Yatung, Tibet, China SYNU-1507011 MH315954 MH315963 - - -
Nanorana chayuensis Zayii, Tibet, China SYNU-XZ64 EU979709 DQ118509 - EU979853 EU979944
Nanorana chayuensis Zayii, Tibet, China SYNU-XZ67 EU979708 DQ118510 - EU979852 EU979943
Nanorana conaensis Cona, Tibet, China KIZ-YP152 EU979703 EU979834 - EU979874 EU979965
Nanorana liebigii Janakpur, Nepal Al17_12_NME MNO011989 MNO012104 MNO032528 MN012368 MNO012518
Nanorana liebigii Janakpur, Nepal R18_12_NME — MNO012105 MNO032529 MNO012369 MN012519
Nanorana maculosa Jingdong, Yunnan, YNU-HU2002308  EU979706 EU979835 - EU979859 EU979950

China
Nanorana maculosa Jingdong, Yunnan, YNU-HU2002322  EU979707 DQI118512 - EU979860 EU979951
China
Nanorana medogensis ~ Medog, Tibet, China SYNU-XZ35 EU979705 DQ118506 - EU979862 EU979953
Nanorana medogensis Medbg, Tibet, China SYNU-XZ75 EU979704 DQ118507 - EU979861 EU979952
Nanorana parkeri - N7_06_NME MNO012006 MNO012126 MNO032549 MNO012391 MNO012540
Nanorana parkeri Dangxiong, Tibet, China — KP317482 KP317482 — — -
Nanorana phrynoides  Yimen, Yunnan, China ~ YNU-HU20024012  EU979686 EU979825 - EU979877 EU979968
Nanorana pleskei - KQ47_14_NME MNO012019 MNO012156 MNO032562 MNO012422 MN012570
Nanorana pleskei Shiqu, Sichuan, China CIB20080515-1 HQ324232 HQ324232 - - -
Nanorana polunini Pangum, Nepal K1553 - KR827957 - - -
Nanorana quadranus An, Sichuan, China SCUM20030031GP  EU979694 EU979831 - EU979886 EU979977
Nanorana quadranus Maowen, Sichuan, SCUM20045195C]  EU979695 DQ118514 - EU979887 EU979978
China
Nanorana rostandi Kyirong, Tibet, China SYNU-1507058 MH315955 MH315964 - - -
Nanorana sichuanensis ~ Huili, Sichuan, China ~ SCUM20030091GP  EU979685 EU979824 - EU979880 EU979971
Nanorana taihangnica  Jiyuan, Henan, China KIZ-HN0709001 EU979724 EU979842 - EU979893 EU979984
Nanorana taihangnica  Jiyuan, Henan, China KIZ-HN0709002 EU979725 EU979843 - EU979894 EU979985
Nanorana unculuanus Jingdong, Yunnan, YNU-HU2002502601 EU979699 DQ118490 - DQ458262 DQ458277
China
Nanorana unculuanus Jingdong, Yunnan, ~ YNU-HU2002502702 EU979700 DQ118491 HM163585 EU979865 EU979956
China
Nanorana — SH050538_NME MNO012066 MN012208 MNO032610 MN012478 MN012626
ventripunctata
Nanorana Xianggelila, Yunnan, SCUMO045887WD  EU979717 DQ118501 HM163585 EU979868 EU979959
ventripunctata China
Nanorana yunnanensis  Yongde, Yunnan, China  YNU-HU20011102  EU979691 EU979829 - EU979884 EU979975
Nanorana zhaoermii Lhiinz¢, Tibet, China SYNU-1706049 MH315947 MH315956 - - -
Nanorana zhaoermii Lhiinzé, Tibet, China SYNU-1706058 MH315948 MH315957 - - -
Nanorana xuelinensis ~ Lancang, Yunnan, China KIZL2019012 MZ410625 MZ410628 - - -
sp. nov.
Nanorana xuelinensis ~ Lancang, Yunnan, China KIZL2019013 MZ410624 MZ410627 - - -
sp. nov.
Nanorana xuelinensis ~ Lancang, Yunnan, China KIZL2019014 MZ410623 MZ410626 — — —
sp. nov.
Limnonectes fragilis Hainan, China ZNAC11006 AY899241  AY899241 — — -
Quasipaa boulengeri Yichang, Hubei, China KIZ-HUB292 KX645665 KX645665 - - -

Morphology

All measurements were taken with digital calipers to the nearest 0.1 mm. Morpho-
logical characters used and their measurement methods followed Qi et al. (2019). The
morphometrics and character terminology include:

AG axilla to groin, distance from posterior base of forelimb at its emergence
from body to anterior base of hindlimb at its emergence from body;
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EHD eye horizontal diameter;

END eye to nostril distance, distance from anterior corner of eye to nostril;

FL foot length, from proximal end of inner metatarsal tubercle to tip of toe IV;

FML femur length;

HAL hand length, from proximal end of outer metacarpal tubercle to tip of the
finger I11;

HH head height, greatest height of head;

HL head length, from posterior corner of mandible to tip of snout;

HW head width, at the greatest cranial width;

ID internasal distance, distance between nostrils;

IOD interorbital distance, least distance between upper eyelids;

LAD diameter of lower arm;

LAL length of lower arm, from proximal end of outer metacarpal tubercle to
elbow joint;

SL snout length, from tip of snout to the anterior corner of eye distance;

SND snout to nostril distance, distance from tip of snout to nostril;

SVL Snout—vent length, from tip of snout to vent;

TDH  horizontal diameter of tympanum;

TDV vertical diameter of tympanum;

TFL length of tarsus and foot, from proximal end of tarsus to tip of the toe IV;

TIL tibia length;
UEW  upper eyelid width, maximum width of upper eyelid.

All measurements were taken on the left side of the examined specimen. It
should be noted that because the limbs of our specimens cannot be spread, the
characters FLL (length of forelimb, from axilla to tip of finger III) and HLL
(length of hindlimb, from tip of disk of toe IV to vent) in Qi et al. (2019) are not
provided here.

Results

Genealogical relationships

The results of BI and ML phylogenetic trees were constructed based on the concat-
enated DNA sequences and resulted in approximately identical topologies (Fig. 1).
The phylogenetic tree showed that the newly discovered population from Xuelin
Township, Lancang County is a member of Nanorana; however, its phylogenetic
position in the genus was not clearly resolved. The newly discovered population
formed a unique clade sister to the clade consisting of Nanorana aenea (Smith,
1922), N. phrynoides (Boulenger, 1917), N. quadranus (Liu, Hu & Yang, 1960),
N. sichuanensis (Dubois, 1987), N. taihangnica (Chen & Jiang, 2002), N. unculuanus
(Liu, Hu & Yang, 1960), and N. yunnanensis (Anderson, 1879), but the node sup-

ports were very low.
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Figure I. Bayesian inference tree of the genus Nanorana based on the sequences of the mitochondrial
12S and 168, and the nuclear Ragl, Rhod, and Tyr gene. Limnonectes fragilis and Quasipaa boulengeri were
included as outgroup. Numbers above branches indicate Bayesian posterior probabilities (=0.9 retained)
and numbers below branches indicate the ML ultrafast bootstrap (UFB) (290 retained).

Genetic distances

The uncorrected p-distances calculated from 125 rRNA and 16S rRNA gene fragment
sequences of the examined species are shown in Tables 2 and 3, respectively. The observed



A new spiny frog species from China 55

Table 2. Mean uncorrected pairwise genetic distances (%) among the species of Nanorana and outgroups
based on partial 12§ gene.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 Nanorana aenea

2 N. blanfordii 7.8

3 N. chayuensis 6.9 5.0

4 N. cuonaensis 77 53 66

5 N. liebigii 69 58 56 63

6 N. maculosa 72 48 20 58 49

7 N. medogensis 61 39 33 40 45 28

8 N. parkeri 68 69 53 7.1 59 49 45

9 N. phrynoides 66 73 71 83 73 7.1 60 88

10 N. pleskei 60 51 53 67 57 53 48 36 76

11 N. quadranus 75 81 72 81 74 79 70 84 79 76

12 N. rostandi 61 63 55 75 56 58 54 59 73 55 76

13 N. sichuanensis 68 75 73 95 73 74 67 91 12 78 81 75

14 N. taihangnica 52 53 51 63 44 49 40 61 54 46 54 53 56

15 N. unculuanus 55 50 54 71 54 52 43 73 54 59 74 48 61 37

16 N. ventripundata 84 63 67 83 64 66 63 54 82 34 86 74 89 67 67

17 N. yunnanensis 45 65 52 81 68 57 56 60 19 52 74 57 22 49 54 66

18 N. zhaoermii 60 32 32 35 41 21 14 50 59 41 63 44 68 35 35 51 58

19 Nanorana xuelinensis 63 56 60 66 40 54 46 59 68 60 71 60 7.1 39 61 76 65 45
sp. nov.

20 Quasipaa boulengeri 119 12.8 125 14.1 11.8 124 12,5 12.8 147 12.7 13.5 11.9 149 12.0 129 14.8 13.6 14.0 11.8

21 Limnonectes fragilis 18.1 16.0 17.8 20.0 17.5 18.0 17.8 17.8 18.5 17.0 18.7 184 17.5 17.5 18.0 19.1 17.3 18.0 17.4 159

distances calculated from 12§ gene between the sequences of the specimens collected
from Xuelin Township, Lancang County and the homologous sequences obtained from
GenBank ranged from 3.9% to 7.6%. The observed distances calculated from 16S gene
between the sequences of the specimens collected from Xuelin Township, Lancang Coun-
ty and the homologous sequences obtained from GenBank ranged from 5.2% to 7.3%.

Systematics

Nanorana xuelinensis sp. nov.
http://zoobank.org/3BBOCC31-8B68-4EA7-BC7C-DDE7D78C977F
Figures 2—-6

Holotype. KIZ1.2019016, adult male, collected on 13 July 2019 by Shuo Liu from
Xuelin Township, Lancang County, Puer City, Yunnan Province, China (23°2'38"N,
99°32'35"E; at an elevation of 1840 m asl).

Paratypes. KIZ1.2019012 and KIZ1.2019015, two subadult males; KIZ1.2019013
and KIZL2019014, two subadult females; and KIZ1L2019017, adult female. All with
same collection information as for the holotype.

Diagnosis. Large body size, SVL 101.7-107.3 mm in adults; adult males with
keratinized spines on chest, belly, lateral body, posterior dorsum, buttocks, outer side
of the fore limbs, the inner metacarpal tubercle, fingers I and II, and upper eyelids; no
spines on the inner side of the lower and upper arm; forelimbs strongly hypertrophied
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Table 3. Mean uncorrected pairwise genetic distances (%) among the species of Nanorana and outgroups

based on partial 16S gene.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1 Nanorana aenea

2 N. blanfordii 5.1

3 N. chayuensis 52 24

4 N. cuonaensis 55 28 3.6

5 N. liebigii 62 41 41 53

6 N. maculosa 54 25 09 40 38

7 N. medogensis 59 3.0 25 44 40 22

8 N. parkeri 55 29 33 35 44 32 38

9 N. phrynoides 47 45 53 40 46 53 54 44

10 N. pleskei 52 29 41 44 43 36 43 31 47

11 N. polunini 60 3.6 41 44 63 41 38 41 64 52

12 N. quadranus 61 42 58 57 68 58 53 55 51 61 62

13 N. rostandi 6.6 34 45 41 53 43 43 51 58 53 23 55

14 N. sichuanensis 52 44 55 42 53 55 56 45 11 42 66 45 56

15 N. taihangnica 46 32 45 36 44 42 42 30 38 31 51 63 49 40
16 N. unculuanus 46 53 61 66 64 62 61 59 60 57 83 69 68 58 54

17 N. ventripundata 49 25 34 39 39 33 39 23 37 20 49 50 45 35 39 55

18 N. yunnanensis 53 45 54 44 53 55 56 45 22 48 61 51 54 22 42 60 43

19 N. zhaoermii 55 24 21 31 43 22 26 29 46 3.0 32 40 47 40 3.6 60 29 44

20 Nanorana 67 58 58 56 65 54 52 60 56 60 66 66 59 62 53 73 57 62 53

xuelinensis sp. nov.
21 Quasipaa boulengeri 8.4 7.8 7.5 67 80 72 74 65 7.6 73 88 87 94 80 71 92 77 78 61 83
22 Limnonectes fragilis 12.0 11.8 12.0 11.7 122 11.6 11.8 11.1 12.4 12.2 162 13.3 143 12.6 11.5 12.2 12.5 12.8 11.4 12.3 103

in adult males; tympanum big but indistinct, ca 2/3 of eye diameter; anterior dorsum
skin smooth; dorsolateral folds absent; finger I longer than finger II; webbing deeply
incurved between tips of toes; no tarsal fold; present outer metacarpal tubercle and
absent outer metatarsal tubercle; vomerine teeth distinct.

The living specimens were yellowish brown with distinct or indistinct black spots
on the dorsum and sides of the body and the dorsal side of limbs; no band on arms and
legs. Ventral surface white with no spots, throat yellow in adult males.

Description of holotype. Adult male, habitus very stout, SVL 107.3 mm, large
size in genus Nanorana; head flat and broader than long (HL/HW 0.85, HH/HL
0.53); snout blunt and rounded in both dorsal and lateral views; canthus rostralis
obtuse; tympanum large and very indistinct (TDH/EHD 0.76); supratympanic fold
extending from eye over tympanum to shoulder; transversal fold behind eyes; eye rela-
tively large (EHD/HL 0.26), pupil slightly rhombic; vomerine teeth distinct; tongue
large and cordiform, deeply notched posteriorly.

Forelimbs short and strongly hypertrophied (LAD 18.8 mm); relative finger length:
IT <I<IV <III; inner metacarpal tubercle enlarged, dorsal surface of inner metacarpal
tubercle, fingers I, and finger II with black keratinized nuptial spines, no spine on in-
ner side of fore limbs, and a few spines on outer side of fore limbs; finger tips rounded
but not dilated, fingers free, without webbing, no circum-marginal groove or later-
oventral groove; subarticular tubercles distinct, outer metacarpal tubercle indistinct.
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Figure 2. Dorsal and ventral views of the specimens of the type series of Nanorana xuelinensis sp. nov.

in preservative.
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Figure 4. Various views of the female paratype (KIZL2019017) of Nanorana xuelinensis sp. nov. in

preservative.
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Figure 5. Different views of the male holotype (KIZL2019016) of Nanorana xuelinensis sp. nov. in life.

Hindlimbs rather long and stout; relative toe length: I < II < V < III < IV; tips of
toes rounded but not dilated; subarticular tubercles oval and distinct, formula is 1, 1,
2, 3, 2; inner metatarsal tubercles elongated and pronounced; outer metatarsal tubercle
absent; webbing deeply incurved between tips of toes, formula I 0-0 IT 0-0- IIT 0--0- IV
0-0 V; lateral fringe on the outer side of toe V developed; no circum-marginal groove
or lateroventral groove; tarsal fold absent.

Anterior dorsum skin smooth; keratinized spines present on chest, belly, lateral
body, posterior dorsum, buttocks, and upper eyelids; spines most dense on axilla and
each side of chest.

Coloration of holotype in life. The coloration of dorsum is yellowish brown with
very indistinct black spots in dorsum, and no band on arms and legs. Ventral surface
white with no spots. The throat is yellow. The pupil is black, and the iris is light yellow
with many black radial strips around the pupil.

Sexual dimorphism. The forelimbs of adult males are strongly hypertrophied; in
addition, adult males have keratinized spines on chest, belly, lateral body, posterior
dorsum, buttocks, outer side of the fore limbs, the inner metacarpal tubercle, fingers
I and II, and upper eyelids. The forelimbs of adult females are not hypertrophied, and
adult females have distinct black spots on the dorsum, lateral body, and the dorsal side
of limbs, no keratinized spines on chest, belly, lateral body, posterior dorsum, buttocks,
and upper eyelids, and only some keratinized spines on finger I and a few small spines
on finger II.
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Figure 6. Different views of the female paratype (KIZL2019017) of Nanorana xuelinensis sp. nov. in life.

Table 4. Morphological measurements (mm) of the type series of Nanorana xuelinensis sp. nov.

KIZ1.2019016 KIZ12019017 KIZ12019012 KIZ12019013 KIZ12019014 KIZ1.2019015
Holotype Paratype Paratype Paratype Paratype Paratype
Adult male Adult female Subadult male Subadult female Subadult female Subadult male
SVL 107.3 101.7 60.3 79.2 75.1 66.9
AG 36.2 40.6 15.9 29.1 29.7 20.1
HL 35.9 36.4 23.7 27.0 27.7 25.8
HW 42.1 38.1 23.6 28.8 28.9 27.0
HH 19.1 18.9 11.6 14.1 15.4 13.1
SL 16.4 14.4 9.7 11.3 11.6 11.2
ID 7.3 7.4 4.6 5.7 5.6 5.5
10D 4.1 4.7 2.5 3.3 3.9 3.3
UEW 7.0 7.2 4.3 5.6 5.7 5.1
EHD 9.5 10.8 6.6 8.4 8.3 8.4
TDH 7.2 7.7 4.5 5.6 5.7 4.6
TDV 6.6 4.8 3.5 4.4 4.2 3.6
SND 8.4 7.1 4.5 6.4 5.1 4.9
END 7.9 7.3 4.6 5.6 5.8 5.4
LAl 225 19.9 11.7 15.3 13.9 14.1
LAD 18.8 10.3 7.9 8.8 8.2 9.4
HAL 22.7 19.0 14.6 17.8 15.9 15.6
FML 45.4 41.8 26.8 34.6 33.5 29.5
TIL 425 39.2 25.7 332 31.1 289
TFL 65.9 63.1 41.9 54.2 49.9 45.8
FL 44.3 42.7 29.1 36.0 33.6 33.1

Etymology. The name refers to Xuelin Township, the locality where the new species
was found. We propose “Xuelin Paa Frog” or “Xuelin Spiny Frog” for the common English
name and “F5 MR (Xué Lin Ji WA) for the common Chinese name of the new species.
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R

Figure 7. Habitat of Nanorana xuelinensis sp. nov. at the type locality.

Distribution. Nanorana xuelinensis sp. nov. is recorded in Lancang County (Pu’er
City), Shuangjiang County (Lincang City), and Jinghong City (Xishuangbanna
Prefecture), Yunnan Province, China.

Habitat. The type series was found in a still-water pond. At the type locality
we found three other species of amphibians: Chirixalus cf. doriae Boulenger, 1893;
Raorchestes hillisi Jiang Ren, Guo, Wang & Li, 2020; Tjlototriton verrucosus Anderson,
1871a; and three species of reptiles: Calotes emma Gray, 1845; Pareas xuelinensis Liu &
Rao, 2021; and Pseudocalotes microlepis (Boulenger, 1887).

Comparisons. Nanorana xuelinensis sp. nov. differs from N. aenea, N. annandalii
(Boulenger, 1920), N. gammii (Anderson, 1871b), N. liebigii (Giinther, 1860),
N. polunini (Smith, 1951), N. rarica (Dubois, Matsui & Obhler, 2001), N. rostand;
(Dubois, 1974), and N. unculuanus by the absence of dorsolateral fold (vs presence).

Nanorana xuelinensis sp. nov. differs from N. arnoldi (Dubois, 1975), N. maculosa
(Liu, Hu & Yang, 1960), N. yunnanensis, and N. zhaoermii Qi, Zhou, Lu & Li, 2019 by
the spines present only on finger I and finger II in adult males (vs present on finger I-1II).

Nanorana xuelinensis sp. nov. differs from N. arunachalensis (Saikia, Sinha &
Kharkongor, 2017), N. blanfordii (Boulenger, 1882), N. chayuensis (Ye, 1977),
N. conaensis (Fei & Huang, 1981), V. minica (Dubois, 1975), and V. mokokchungensis
(Das & Chanda, 2000) by its larger body size.
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Figure 8. Map showing the type locality of Nanorana xuelinensis sp. nov. (red dot).

Nanorana xuelinensis sp. nov. differs from N. feae (Boulenger, 1887) by the absence
of spines on the inner side of the fore limbs in adult males (vs. presence).

Nanorana xuelinensis sp. nov. differs from N. kangxianensis (Yang, Wang, Hu &
Jiang, 2011), N. quadranus, N. taihangensis by the strongly hypertrophied forelimbs in
adult males (vs not hypertrophied), and by the presence of nuptial spines on the chest
and fingers in adult males (vs absence).

Nanorana xuelinensis sp. nov. differs from N. medogensis (Fei & Ye, 1999), N.
phrynoides, and N. sichuanensis by smooth anterior dorsum skin (vs many warts present).

Nanorana xuelinensis sp. nov. differs from N. parkeri (Stejneger, 1927), N. pleskei
Giinther, 1896, and N. ventripunctata Fei & Huang, 1985 by the shape of the nuptial
spines (large and conical spines vs tiny and compact spines).

Nanorana xuelinensis sp. nov. differs from V. vicina (Stoliczka, 1872) by its toes
ca 2/3 webbed (vs fully webbed) and by the absence of bands on the hind limbs

(vs presence).
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Discussion

Most species of Nanorana live in running waters, especially in swiftly running waters
(Dubois and Ohler 2005; Ohler and Dubois 2006) such as rivers or streams, except for
N. parkeri, N. pleskei, and N. ventripunctata, which have produced a series of special-
ized adaptations to high-altitude habitats (Che et al. 2020). However, the habitat of
the Nanorana xuelinensis sp. nov. is distinctive. All specimens of Nanorana xuelinensis
sp. nov. were found in still waters in different seasons. Why this species lives in still
waters needs further study.

Morphologically, Nanorana xuelinensis sp. nov. is obviously different from all other
known species of the genus Nanorana. The skins of most species of Nanorana are rough
with more or less tubercles or warts (Che et al. 2020). However, the skin of Nanorana
xuelinensis sp. nov. is quite smooth on most areas of the body. Most males of the tribe
Paini have spines on the fingers, arms, or breast. The presence of these spines is an ad-
aptation to breeding in swiftly running waters, helping the males grasp of the females
(Ohler and Dubois 2006). Although Nanorana xuelinensis sp. nov. does not live in run-
ning waters, the males still may need spines to help grasp females due to their smoother
skins. But why the males of Nanorana xuelinensis sp. nov. have so many keratinized
spines on the other areas of the body except for the fingers and breast we do not yet
know, and the reason for this feature also needs further study.

The genus Nanorana contains 30 species, of which 22 species are recorded in
China (Frost 2021); however, V. arnoldi is not recorded from China according to
AmphibiaChina (2021), which lists only 21 species. This is probably due to an er-
roneous synonymy: N. chayuensis was placed into the synonymy of N. arnoldi by
Dubois (1980), which subsequently was rejected by Hu (1985). In the phylogenetic
analyses of Che et al. (2009), the gene sequences of V. arnoldi and N. chayuensis clus-
tered together, but these sequences of N. arnoldi were from Yunnan, China, which
were possibly wrongly identified and probably belong to N. chayuensis. We speculate
that the true V. arnoldi is distributed in northern Myanmar, and not in China. Be-
cause we do not have specimens from northern Myanmar, whether N. chayuensis and
N. arnoldi are the same species remains to be solved, but for the time being, we sup-
port AmphibiaChina (2021) in treating V. chayuensis as valid and considering that
N. arnoldi is not distributed in China. Further collections from both countries will
clarify this taxonomic conundrum.
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Abstract

Two queen ant specimens, one alate and one dealate, from mid-Cretaceous (Late Albian—Early
Cenomanian) Burmese amber are herein reported as belonging Haidomyrmex cerberus Dlussky, 1996.
‘This is the first discovery and documentation of an alate queen in Haidomyrmex. Compared with workers
of Haidomyrmex cerberus, alate and dealate queens are larger in body size, have smaller compound eyes, a
longer antennal scape, more complex mandibles, and a relatively large-sized metasoma. It is hypothesized

that these differences are due to caste differences.

Keywords
Alate queen, dealate queen, Haidomyrmecine, Myanmar, queen ant, workers

Introduction

Mandibles, as the main structures used for foraging, predation, food handling, defense
and brood care (Hélldobler and Wilson 1990), are vital to the biology, taxonomy and
evolutionary development of ants. For example, haidomyrmecine and zigrasimeciine
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ants with unique mandibles have been reported in mid-Cretaceous amber deposits
from Myanmar (Dlussky 1996; Barden and Grimaldi 2012, 2013; Perrichot 2014;
Perrichot et al. 2016, 2020; Miao and Wang 2019; Cao et al. 2020a, b, ¢; Lattke and
Melo 2020). To date, ten genera and sixteen species of haidomyrmecine ants from
Cretaceous amber deposits from France, Canada and Myanmar have been described.
Huaidomyrmex, as the type genus of the extinct subfamily Haidomyrmecinae, has been
frequently discussed in relation to the other genera. In 1996, Haidomyrmex cerberus
Dlussky, 1996, with a peculiar cranio-mandibular morphology, was found in Burmese
amber and described. The combination of its bizarre mandibles and head capsule sug-
gested that this ant might have been a specialized predator (Dlussky 1996). However,
parts of the antennae, legs and gaster were not preserved in the type specimen whereas
some key characters, especially those of the head, were obscured due to the turbidity
of the amber piece. Cao et al. (2020a) provided a more detailed description of this
species based on two additional worker specimens, including some characters of the
antennae, head, legs and gaster. Based on some key characters, such as antennal length,
size of compound eyes, location of trigger hairs, and mandible morphology, Lattke and
Melo (2020) provided a key for identifying species of Haidomyrmex. Unfortunately,
until now there was no description of alate queens in Haidomyrmex. Barden and
Grimaldi (2012) described the only previously-known dealate queen, for the species
Haidomyrmex scimitarus Barden & Grimaldi. In this study, we report two queen ant
specimens of Haidomyrmex cerberus: one dealate and one alate, which represents the
first discovery of a winged caste in Haidomyrmex. Comparing their morphological
characters with those of the known dealate queen and workers provides insights into
caste differences in Haidomyrmex ants.

Material and methods

This study is based on two new amber specimens from the Hukawng Valley in the
Kachin State of northern Myanmar, at the north end of Noije Bum at 26°15'N,
96°34'E, some 18 km south-west of the town of Tanai (Grimaldi et al. 2002; Cruick-
shank and Ko 2003). The deposit is dated to 98.79 + 0.62 Mya based on radiometric
uranium-lead dating (Shi et al. 2012). The recent finding of an ammonite embedded
in amber and assignable to Puzosia (Bhimaites) supports a Late Albian—Early Cenom-
anian age of the amber (Yu et al. 2019). The newly-reported amber specimens are
housed in the Key Lab of Insect Evolution and Environmental Changes, College of
Life Sciences and Academy for Multidisciplinary Studies, Capital Normal University
(CNUB), Beijing, China.

Specimens No. CNU-HYM-MA2015010 and No. CNU-HYM-MA2015011 are
separately preserved in two yellow amber pieces with organic particles, tiny bubbles
and dust covering the cuticle in places. Specimens were examined and photographed
by using a Nikon SMZ 25 microscope equipped with a Nikon DS-Ri 2 digital camera.
The line drawing and figure plates were prepared by using the Adobe Illustrator CC
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Table I. Measurements, including abbreviations, used in the descriptions.

Measurement Explanation
Body length (BL) in lateral view, from anteriormost point of head capsule excluding mandibles to posteriormost point of
abdomen excluding sting.
Head length (HL) in lateral view, from basal insertion of mandibles to the posteriormost point of head capsule.
Head height (Hh) in lateral view, vertical distance from lowermost to highermost point of head capsule.
Scape length (SL) maximum length of scape excluding condylar neck.
Eye length (EL) maximum diameter of compound eye.
Mandible length (ML) in lateral view, straight distance of mandible from basal insertion to apex.
Weber’s length (WL) diagonal length of mesosoma in lateral view, from anteriormost point of pronotum to posteriormost point
of propodeum.
Petiole height (PH) maximum height of petiole excluding subpetiolar process in lateral view.
Petiole length (PL) maximum length of petiole in lateral view.
Gaster length (GL) maximum length of gaster (abdominal segments III-VII) in lateral view.

and Adobe Photoshop CC graphics software. Measurements were obtained using the
measurement tool of the Nikon software. All measurements are provided in millim-
eters (mm). Measurements used in the descriptions, including their abbreviations, are

detailed in Table 1.

Taxonomy

Family Formicidae Latreille, 1809
Subfamily Haidomyrmecinae Bolton, 2003
Genus Haidomyrmex Dlussky, 1996

Haidomyrmex cerberus Dlussky, 1996
Figs 1-3

Specimens examined. CNU-HYM-MA2015011, an alate queen, and CNU-HYM-
MA2015010, a dealate queen, both housed in Capital Normal University, Beijing,
(CNUB). Holotype NHM.In.20182, in Natural History Museum, London, UK.

Diagnosis. Alate and dealate queens. Antenna with scape distinctly longer than
pedicel and the two following flagellomeres combined, FII (second flagellomere) long-
er than each of the other flagellomeres. Labrum with two long setae curved upward.
Mandibles long, internal surface of curved portion with a row of longitudinal serra-
tions on the apical quarter; apical portion tapered to a blunt tip, external margin of
apex each with a short erect and suberect seta. Maxillary palps distinctly elongate,
formed of 6 segments; labial palps relatively short, formed of 4 segments. Propleuron
well developed, with dorsal portion exposed and visible dorsally.

Description of alate and dealate queens. Based on CNU-HYM-MA2015011,
alate queen, with differential characters from CNU-HYM-MA2015010, dealate queen
in square brackets.



72 Yuanyuan Guo etal. / ZooKeys 1048: 69-78 (2021)

-
2 qwew2
s Precdyz SctRiRs

E -_F -
Figure |. Haidomyrmex cerberus, alate queen specimen CNU-HYM-MA2015011 A photo of right lat-
eral habitus B line drawing of habitus € photo of head in lateral view D photo of mesosoma in lateral

view E photo of right forewing venation F line drawing of right forewing and right hind wing. Scale bars:
1 mm (A, B); 0.25 mm (C-F).

Head: Vertex broad, evenly rounded, in lateral view approximately as high as
long, shaped as an upside-down isosceles triangle; with sparsely thin erect setae [vertex
in lateral view severely shrunken, glabrous]. No ocelli. Compound eyes situated high
on head capsule, in lateral view ovoid and strongly convex [reniform and weakly
convex]. Antennae inserted between compound eyes and flanking clypeal lobe, bases
exposed and frontal lobes absent. Antenna geniculate, formed of 12 segments; scape
ca. 8 times as long as pedicel [ca. 6 times], FI (first flagellomere) ca. 1.3 times as long
as pedicel [ca. 1.2 times]; FII ca. 3 times as long as pedicel. Apex of scape slightly
broadened, its margin bearing short and erect setae; FI with a long and curved seta
on median ventral surface. Clypeal process a small lobe moderately protruding be-
tween bases of antennae, with short peg-like denticles above and longer, dense, stiff



Cretaceous ants 73

)
4

J
4

N’

«,"(

74

----—----_.../,.Q§
' //
=

(

— -"

Figure 2. Haidomyrmex cerberus, dealate queen specimen CNU-HYM-MA2015010 A photo of right
lateral habitus B line drawing of habitus. Scale bars: 1 mm.
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Figure 3. Haidomyrmex cerberus, specimens CNU-HYM-MA2015010 (A-C) and CNU-HYM-
MA2015011 (D-F) A photo of left lateral habitus B photo of protibial apex and associated tarsus

C photo of petiole in lateral view D photo of clypeal lobe in lateral view E photo of petiole in lateral view
F photo of left lateral habitus. Scale bars: 1 mm (A, F); 0.25 mm (B-E).
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spine-like setae arranged in longitudinal rows on ventral half. Ventral surface of cl-
ypeus with one visible pair of long, fine trigger hairs [trigger hairs invisible]. Labrum
with two long setae curved upward. Mandible long, scythe-shaped, internal surface
of curved portion with 1-2 short setae near apex and a row of longitudinal serrations
on apical quarter; apical portion tapered to a blunt tip, apex reaching clypeal lobe
and each with one short, erect and suberect seta; ventral corner between basal and
curved portion bearing a triangular blade, apparently symmetrical and with a single
tooth; ventral margin of corner with sparsely fine setae from base to apex, becoming
gradually shorter and thinner [with dense fine setae from base to one third of external
surface of curved portion]. Maxillary palp exposed length 0.53, with 4 visible seg-
ments [length 0.86, with 6 obvious segments]. Labial palp is invisible [length 0.30,
with 4 segments].

Mesosoma: Long, slender, with sparsely thin erect setae [no visible setae]. Neck
narrow and short, pronounced in lateral view. Propleuron well developed and visible
in lateral view. Pronotum well developed, convex in anterior two thirds, gradually
flattened in posterior third, extending laterally to anterior level of procoxa. Sulcus
between pronotum and propleuron and between pronotum and mesonotum present,
complete. Mesoscutum shorter than pronotum, mesoscutal dorsal outline slightly
convex, with parapsidal furrows converging posteriorly to reach anterior mesono-
tal margin. Mesoscutellum posteriorly expanded, dorsal and posterior mesoscutellar
surfaces concave. Dorsal level of metanotum and propodeum nearly at same level;
propodeum slightly lower in elevation and dorsal surface gradually sloping posteri-
orly [metanotum and propodeum gradually sloping posteriorly]. Metapleural gland
opening oval-shaped, slightly depressed. Legs long. Length of procoxa: 1.24 [0.70];
mesocoxa: 1.03 [0.38]; metacoxa:1.32 [0.47]; protrochanter: 0.20 [0.17]; meso- and
metatrochanters: 0.27 [0.20]; profemur: 1.65 [1.17]; meso- and metafemora: ca. 1.78
[1.40]; protibia: 1.23 [0.94]; mesotibia: 1.32 [1.25]; metatibia: 1.92 [1.47]. Protibia
apex with one large pectinate spur and two short spine-like setae, pecten of probasi-
tarsus with fine hairs of uniform length. Mesotibia with two simple spurs, metatibia
with one large pectinate spur and one short simple spur. Protarsus length 1.80 [1.40];
mesotarsus incompletely preserved, part of tarsomeres absent [complete, length 2.09];
metatarsus length 2.65 [2.55]. Ventral surface of tarsomeres with fine setulae and apex
of tarsomeres I-V with two pairs of fine, long setae. Pretarsal claws with distinct sub-
apical teeth; arolium small.

Metasoma: Petiole ca. 2.5 times as long as height [ca. 2.2 times], petiolar tergite
a broadly convex node, with anterior surface approximately twice as long as posterior
surface, with short anterior peduncle; small subpetiolar process projecting ventrally as
a small triangle. Gaster with five segments, gastral segments I and II (abdominal seg-
ments III and IV) ca. 0.50 of total gaster length. Pygidium and hypopygium setulose.
Sting very well developed.

Right forewing: Venation almost complete, anterior margin slightly folded. Cell
1R1C/SMCI1 hexagonal; cell IMC/DC1 with five sides, Rsf2 and Rsf3 distinguished,
Rsf4 very short, almost as long as Mf2; (M+Cu)1 branched into (M+Cu)2 and cu-a;
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(M+Cu)2 short, nearly half of Rsf1; Rs+M almost as long as Mf1 and almost parallel to
Cufl; Mf2 present to juncture of Rs+M and 1m-cu; cross-vein 2rs-m slightly oblique.
Nearly whole right hind wing folded over itself. (M+Cu)2 nearly as long as cross-vein
cu-a; Mf1 aligned with Mf2 [wings not preserved].

Measurements (in mm). (CNU-HYM-MA2015011, alate queen), [CNU-
HYM-MA2015010, dealate queen]. BL (7.75) [6.31]; HL (1.15) [1.17]; Hh (1.24)
[0.96]; EL (0.24) [0.28]; length of antennomeres (total 4.41, scape 1.12, pedicel
0.13, F1 0.18, FII 0.39, FIII 0.34, FIV 0.33, FV 0.31, FVI 0.32, FVII 0.34, FVIII
0.33, FIX 0.29, FX 0.30) [total 3.91, scape 0.75, pedicel 0.12, FI 0.15, FII 0.39,
FIIT 0.35, FIV 0.33, FV 0.28, FVI 0.31, FVII 0.31, FVIII 0.30, FIX 0.28, FX
0.33]; ML (0.98) [0.64]; WL (3.01) [2.45]; PL (0.79) [0.51]; PH (0.31) [0.23]; GL
(2.78) [2.24].

Remarks. Assignment of these two new specimens to H. cerberus is based on most
of the characters used by Barden and Grimaldi (2012) and Cao et al. (2020a). This
species is most similar to H. scimitarus, but the two new specimens could be assigned
to H. cerberus by having 1) a slightly longer scape, longer than the pedicel and the two
following flagellomeres combined (vs. scape visibly shorter in H. scimitarus); 2) labrum
with two long setae curved upward (vs. labrum with four fine setae); 3) ventral corner
of mandible between basal and curved portion with a triangular blade, apparently
symmetrical and with a single tooth (vs. 3—4 fine mesal teeth on left mandible, 2-3
slightly larger teeth on right mandible); and 4) head with sparse thin and erect setae
(vs. glabrous in H. scimitarus).

Conclusion

Most workers and queens of modern ants are known and the castes can be differenti-
ated by body size and by minor aspects of the mandibular morphology (Holldobler
and Wilson 1990). It is highly probable that all the differences between the two queens
described herein and the workers of H. cerberus revised by Cao et al. (2020a) are sim-
ply due to the difference in caste. The two queens can be differentiated from workers
of H. cerberus by 1) the larger body of 6.3-7.8 mm (vs. 4.5-5.0 mm body lengths for
workers); 2) the obviously longer scape, distinctly longer than the pedicel and two
following flagellomeres combined (vs. scape as long as the pedicel and two following
flagellomeres combined) and ca. 6-9 times as long as pedicel (vs. ca. 4 times as long as
pedicel); 3) the more complex shape of the mandibles, with inner surface with a row of
longitudinal serrations near the apex, and triangular blade clearly longer and sharper;
4) metasoma relatively large in proportion to total body size (ca. 0.36 times as long as
body vs. ca. 0.32 times as long as body), because of flight muscles. Queens of modern
species usually have larger eyes relative to head size compared to workers. Surprisingly,
the queens of H. cerberus have smaller compound eyes (diameters of 0.24 mm and
0.28 mm) than those of workers (0.30 mm). Documentation of these differences con-
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tributes to a better understanding of the Cretaceous Formicidae and shows differences
among castes of Haidomyrmex cerberus for the first time.
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Abstract

Based on the combination of molecular and morphological data, we herein report the second known
finding of the xenodermid snake species Parafimbrios vietnamensis Ziegler, Ngo, Pham, Nguyen, Le &
Nguyen, 2018. The male individual was found in the Yen Bai Province of northwestern Vietnam, more
than 200 km from the type locality in Lai Chau Province. Genetic divergence between the newly-collected
male and the holotype was low (1.7%), and is in agreement with morphological data that supports that
they are conspecific. We give a detailed description of the morphological characters and coloration of the
new record and provide an expanded diagnosis of P vietnamensis. Parafimbrios is a poorly-understood
genus, and our recent discovery brings the total number of known specimens of the genus to nine, 1/3 of
them having been found in Vietnam (one specimen of 2 /a0 and now two specimens of P vietnamensis).
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Introduction

The snake family Xenodermidae is one of the most poorly-known groups of Asian
reptiles. The family is composed of five genera and 23 recognized species that are dis-
tributed throughout South, Southeast, and East Asia (Uetz et al. 2020). Many species
are only known from a single or a few specimens from a limited number of localities.
Among these five genera, Parafimbrios Teynié, David, Lottier, Le & Vidal, 2015 only
has two recognized species, which are endemic to Indochina and occur across Laos,
Vietnam, Thailand and south China (Nguyen et al. 2015; Teynié et al. 2015; Teynié
and Hauser 2017; Ziegler et al. 2018; Cai et al. 2020) (Fig. 1).

The genus was originally described as monotypic, including only Parafimbrios lao
Teynié, David, Lottier, Le & Vidal, 2015 from Louangphabang and Houaphan prov-
inces in northeastern Laos, based on a unique set of morphological characters and
high levels of genetic divergence (Teynie et al. 2015). Three years later, the second
species was described as Parafimbrios vietnamensis Ziegler, Ngo, Pham, Nguyen, Le
& Nguyen, 2018 from Lai Chau Province in northwestern Vietnam. Until recently,
P, vietnamensis was only known from the holotype male. However, during a recent her-
petological survey in Yen Bai Province in northern Vietnam, another male specimen
was collected that had the unique set of morphological characteristics and color pattern
typical for 2 vietnamensis. Subsequent molecular analysis confirmed the morphological
findings and we herein provide a detailed description of the second known specimen of
P vietnamensis and an expanded diagnosis of the species.

This discovery brings the total number of known specimens of Parafimbrios to
nine and of P vietnamensis to two. This work highlights the difficult nature of discov-
ering specimens of this snake family and the need for further surveys in these areas of
Vietnam and Eastern Laos.

Material and methods

This study is based on a single male specimen of Parafimbrios vietnamensis (ZISP
31426) from Che Tao Village, Che Tao Commune, of the Mu Cang Chai Species and
Habitat Conservation Area (SHCA) (21.5435°N, 104.0364°E, elevation 1300 m) in
Yen Bai Province, Vietnam. The specimen was collected on November 30%, 2019, by
Nikolai Orlov and Larissa Ioganssen and was fixed and subsequently stored in 75%
ethanol. A tissue sample was preserved separately in 95% ethanol. The specimen was
deposited in the herpetological collection of the Zoological Institute, Russian Academy
of Sciences (ZISP), St. Petersburg, Russia.

Morphological examination

Sex was determined by inspection of the presence or absence of hemipenes. Measure-
ments were taken to the nearest mm with digital calipers. Paired meristic characters are
given as left/right. The methodology of measurements and meristic counts followed
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Figure 1. Map of Indochina showing the known localities of Parafimbrios lao (red dots) and P vietnamensis
(green dots) (after Teynié et al. 2015; Nguyen et al. 2015; Teynié and Hauser. 2017; Ziegler et al. 2018; Bo
et al. 2020) I Pua district, Nan Province, Thailand 2 Ngoi District, Luangphrabang Province, Laos (type

. Da Lat
O

locality of Plao) 3 Vieng Xai District, Houaphan Province, Laos 4 Thuan Chau District, Son La Province,
Vietnam 5 Jiangcheng County, Yunnan Province, Southwestern China; P vietnamensis 6 Hoang Ho Village,
Phang So Lin Commune, Sin Ho District, Lai Chau Province, Vietnam, 22.4167°N, 103.3681°E (type
locality of P vietnamensis) 7 ZISP 31426, Che Tao Village, The Mu Cang Chai Species and Habitat Conser-
vation Area (SHCA), Yen Bai Province, Vietnam, 21.5435°N, 104.0364°E (new record of P vietnamensis).

Teynié et al. (2015) and Ziegler et al. (2018). The following characters and ratios were
evaluated and calculated (Table 1): snout-vent length measured from tip of snout to
anterior margin of cloaca (SVL); tail length measured from posterior margin of cloaca to
tip of tail (TaL); total length, corresponding to SVL + TaL (TL); ratio of tail length to to-
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Table I. Measuremements (in mm), dentition and scalation of Parafimbrios vietnamensis compared to I lao.

Characters | Parafimbrios P lao P lao P lao P lao P lao P lao female | Parafimbrios | P vietnamensis
lao male male not male male male | male not | CIB2019090746 | vietnamensis | ZISP 31426
holotype collected | TBU QSMI | QSMI | collected male holotype | subadult male
MNHN PAR.127 | 1381 1382 IEBR

2013.1002 A.2018.7

Country Laos Laos Vietnam | Thailand | Thailand | Thailand China Vietnam Vietnam

Province Luangphrabang | Houaphan | Son La Nan Nan Nan Yunnan Lai Chau Yen Bai

Snout-vent 236 298 310 294 333 ? 256 222 298

length mm

Tail length 49 55 56.5 66 ~72 ? 53 44 56

(TaL) mm

Total length 285 353 366.5 360 ~405 ~350 309 266 354

(TL) mm

TalL / TL 0.172 0.156 0.150 0.183 0.177 0.171 0.165 0.163

Maxillary 27 - - - - - - 27 27

teeth

Dorsal scale | 27-25-23* 27-25- | 27-27- 25 25? 252 29-27-24 35-33-29 31-35-27

rows 23* 25

Ventrals 177+2 189+1 185 179 171+ ? 168 164 172+2

Subcaudals 56 55 53 61 ? ? 52 49 48

Cloacal 1 1 1 - - - - 1 1

Supralabials 8/8 717 8/8 - - - - 8/8 8/8

Infralabials 8/8 717 817 - - - - 717 717

Subocular 1/1 1/1 1/1 1/2 1/2 172 1/1 1/1 1/1

Loreal 1/1 1/1 1/1 1/1 1/1

Preocular 1/1 1/1 1/1 1/1 1/2 1/2 1/1 11 1/1

Postoculars 2/2 2/2 2/2 2/2 2/2 202 2/2 2/2 2/2

Temporals 2+2/2+2 242/2+41 | 242/2+2- - - - - 4+414+5 2+3/2+3

Source Teynie et al. Teynie et | Nguyen | Teynie, | Teynie, | Teynie, Cai et al. 2020 Ziegler et al. Our data

2015 al. 2015 etal. Hauser | Hauser | Hauser 2018
2015 2017 2017 2017

tal length (TaL/TL); number of maxillary teeth, counted by investigating the right max-
illa for teeth/sockets. The pholidosis characters taken or counted are as follows: dorsal
scale rows counted at one head length behind head, at midbody, and at one head length
before vent, respectively. The number of ventrals, subcaudals, supralabials, infralabials,
suboculars, loreals, preoculars, postoculars, temporals and cloacal scales were counted.
Morphological comparisons were based on data from Teynié et al. (2015), Nguyen et al.
(2015), Teynié and Hauser (2017), Ziegler et al. (2018), and Cai et al. (2020).

Museum abbreviations are as follows:

ZISP Zoological Institute, Russian Academy of Sciences, St. Petersburg, Russia;

IEBR Institute of Ecology and Biological Resources, Vietnamese Academy of
Science and Technology, Hanoi, Vietnam;

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

TBU PAR  Faculty of Biology and Chemistry, Tay Bac University, Son La Province,

Vietnam;

QSMI Queen Saovabha Memorial Institute, Thai Red Cross Society, Bangkok,
Thailand;

CIB Museum of Herpetology, Chengdu Institute of Biology, Chinese Acad-

emy of Sciences, Chengdu, China.
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Molecular data and phylogenetic analyses

Molecular data were generated for the specimen reported herein from Yen Bai Prov-
ince, Vietnam. Homologous sequences were obtained from GenBank. DNA was
extracted using the standard salt-extraction method (Aljanabi and Martinez 1997),
combined with lysis by proteinase K. The cytochrome ¢ oxidase subunit 1 (COI) gene
fragment (660 bp) was amplified using the primer pair UTF 5'-TGT AAA ACG ACG
GCCAGT TCT CAA CCA AYC AYA ARG AYA TYG G-3' and UTR 5'-CAG GAA
ACA GCT ATG ACT ARA CTT CTG GRT GKC CRA ARA AYC A-3', following
the protocol of Lissovsky et al. (2010). PCR products were cleaned by elution with a
concentrated saline solution from 6% polyacrylamide gel. Sequencing was performed
using an ABI 3500 automatic sequencer (Applied Biosystems) and BigDyeTermina-
tor 3.1 kits 103 (Applied Biosystems). The nucleotide sequence was aligned with the
BioEdit software (Hall 1999) and further edited manually. The final sequences were
deposited in GenBank (MW542529).

We combined the sequence of the new specimen of Parafimbrios reported here
with nine sequences downloaded from GenBank. We selected two outgroups, Xen-
opeltis unicolor Reinwardt, 1827 AB179620, Acrochordus granulatus Schneider, 1799
AB177879 (Dong and Kumazawa 2005), and five species for our ingroup, P viet-
namensis Ziegler, Ngo, Pham, Nguyen, Le & Nguyen, 2018 MH884515 (Ziegler et
al. 2018), P lao Teynié, David, Lottier, Le & Vidal, 2015 KT374005 (Nguyen et al.
2015), KP410746, Fimbrios klossi Smith, 1921 KP410744-45, Xenodermus javanicus
Reinhardt, 1836 KP410747 (Teynie et al. 2015), and Achalinus spinalis Peters, 1869
MKO064591 (Peng et al. 2017; Li et al. 2020) of the family Xenodermidae (Table 2).
We used MEGA v. 7.0. (Kumar et al. 2016) for phylogenetic analyses using the Maxi-
mum Likelihood (ML) method. The HKY+G+I model was selected as the most ap-
propriate DNA substitution model for the dataset using jModelTest 2.1.10 (Posada
2008). Minimum evolution (ME) and neighbor-joining (NJ) analyses were used as
a complement to our maximum likelihood analyses. Node support was estimated us-
ing 1000 bootstrap replicates. Lastly, we calculated uncorrected pairwise divergences
between all samples in MEGA v. 7.0.

Table 2. In-group samples used in molecular analyses.

Species name GenBank No. Locality Voucher Reference
Parafimbrios lao KP410746 Louangphabang Province, Laos MNHN 2013.1002 Teynie et al. 2015
Parafimbrios lao KT374005 Son La, Vietnam TBU PAR.127 Nguyen et al. 2015
Parafimbrios vietnamensis MH884515 Lai Chau, Vietnam IEBR A.2018.7 Ziegler et al. 2018
Parafimbrios vietnamensis MW 542529 Yen Bai, Vietnam ZISP This study
Fimbrios klossi KP410745 Gia Lai, Vietnam TEBR A.2013.56 Teynié et al. 2015
Fimbrios klossi KP410744 Quang Ngai Province, Vietnam IEBR 3275 Teynié et al. 2015
Xenodermus javanicus KP410747 ~ Maninjau Lake, Sumatera Barat Province, Sumatra, - Teynié et al. 2015

Indonesia
Achalinus spinalis NC032084 Shaanxi, China HS12093 Peng et al. 2017
Xenopeltis unicolor AB179620 - NUM-Az0378 Dong, Kumazawa 2005

Acrochordus granulatus AB177879 - NUM-Az0375  Dong, Kumazawa 2005
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Results and discussion

Description of the second specimen from Vietnam (Figs 2, 3).

Morphological characters of the second male specimen are concordant with those
in the original description of Parafimbrios vietnamensis by Ziegler et al. (2018). The
specimen has a cylindrical and slender body (Figs 2, 3). Head not distinct from
neck, dorsally covered with large shields; eyes middle-sized, with a vertically sub-
elliptic pupil.

Snout-vent length 298 mm; tail length 56 mm; total length 354 mm; ratio of tail
length to total length 0.163. Dorsal scale rows 31-35-27; laterally rounded ventral
scales 172+2; subcaudals 48; postoculars 2/2; preoculars 1/1; suboculars 1/1; suprala-
bials 8/8; infralabials 7/7 (Fig. 3A, B). Rostral triangular, its upper edge separating it
from the internasals; nasal in contact zone with rostral with curved raised edge; suture
between the internasals much longer than that between the prefrontals; 8 supralabials,
the first four bearing raised edges; temporals 2+3/2+3 (Fig. 3A, B); 48 unpaired sub-
caudals; total length 354 mm; tail length 56 mm; Tal/TL ratio 0.163.

Dorsal scales small, cycloid, keeled from region behind the neck onwards, every
second scale of outermost row distinctly enlarged; 31 scales around the anterior part
of the body; two dorsal scale rows corresponding to a ventral plate; distinct, laterally-
rounded ventrals; single subcaudal scales; cloacal shield entire (Figs 2D, 3C, D). Left
hemipenis basally everted.

Morphological data of this new specimen, the holotype of P vietnamensis, and
comparative data on seven specimens of 2 /o are summarized in Table 1. The second
male specimen from Vietnam differs from the male holotype of 2 vietnamensis in hav-
ing a larger size (SVL 298 mm vs. 222 mm), a higher number of ventrals (172+2 vs.
164), and fewer temporals (2+3/2+3 vs. 4+4/4+5). The pholidosis characteristics of the
number of ventrals and temporals look more similar to those seen in 2 /ao.

Phylogenetic analysis. Molecular analyses corroborate the morphological data.
The new specimen is significantly genetically divergent from P /a0 by at least 10%. The
new sample was strongly supported as the sister lineage to the holotype of Parafimbrios
vietnamensis (bootstrap support = 100%) (Fig. 5). Genetic divergence between the
newly-collected specimen and the holotype was low (1.7%), and thus supports that
they are conspecific. The mean uncorrected pairwise genetic distance between the two
species within the genus Parafimbrios was 7.71+0.8%.

Coloration. The color of the dorsum is gray-brown, with varying intensity of
brown depending on the angle of the light, and with iridizing sequins. The head is
separated from the neck by a wide, light-colored nuchal collar extending to the ventral
surface and to the chin; the collar does not completely cover the ventral part of the chin
but stops at the ventral scales. The dorsal surface of the head is reddish-brown from
the lateral edge of the head to the parietal scale and frontal scales. The gular region is
brown; the two huge mandibular plates are brown anteriorly, lightening posteriorly.
The color of the nuchal collar is a light cream, slightly white-pinkish. The color of the
belly is smoky gray with lightened lateral edges of the abdominal scales.
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Figure 2. Parafimbrios vietnamensis ZISP 31426 A dorsal view in life B ventrolateral view in life € dorsal
view in life D ventral view of the preserved specimen.

Figure 3. Parafimbrios vietnamensis ZISP 31426 in life A dorsal view of head B ventral view of head
C dorsolateral view of midbody D ventrolateral view of midbody.

Distribution. Parafimbrios vietnamensis is only known from two provinces (Lai
Chau Province, Yen Bai Province) in northwestern Vietnam (Fig. 1). The second species,
P lao, is only known from northern Vietnam in the Son La Province, but has a much
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Figure 4. Habitat of 2 vietnamensis in the primary polydominant forest in Yen Bai Province, Vietnam.

wider distribution in Laos, Thailand, Vietnam and southern China. This area of Viet-
nam is the highland region associated with Hoang Lien Son ridge (Lai Chau, Lao Cai,
and part of Yen Bai). Biogeographically, the species inhabits the south-eastern part of the
Sikang-Yunnan floristic Province of the Holarctic floristic kingdom (Takhtajan 1978).

Ecology and habitat. The specimen was collected on November 30, 2019 after
an overnight rain, at midnight. The specimen was found in the leaf litter in primary
polydominant forest (Fig. 4) at an elevation of 1300 m a.s.l.

The second male specimen from Vietnam differs from the male holotype of
P vietnamensis in having a larger size (SVL 298 mm vs. 222 mm), a higher number of
ventrals (172+2 vs. 164), and fewer temporals (2+3/2+3 vs. 4+4/4+5). The number of
ventrals and temporals are similar to those reported from P /zo. Morphological data
from our new finding, the holotype of P vietnamensis, and comparative data for seven
specimens of P lao are summarized in Table 1.

Due to the only minor morphological differences between the holotype of
Parafimbrios vietnamensis and the new specimen described in this paper, and to the very
low genetic divergence, we consider the new specimen conspecific with the holotype of
P vietnamensis. The expanded diagnosis of the species is as follows:

A species of the genus Parafimbrios, characterized by the following combination of
characters: 1) rostral laterally with two raised, curved edges; the upper one, together
with a horizontal curved ridge of tissue, separates the rostral from the internasals;
2) nasal in contact zone with rostral with curved, raised edge; 3) nasal in contact zone
with supralabials with two small oblique, curved raised edges located above first and
second as well as above second and third supralabials; 4) suture between the internasals
much longer than that between the prefrontals; 5) supralabials 8, the first four bearing
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Figure 5. ML phylogenetic tree (HKY+G+I model) based on the mitochondrial COI gene. Numbers
near the branches denote percentage bootstrap resampling support from 1000 replications (ML/ME/N]).
Bootstrap support is only shown for values exceeding 80%. Asterisks represent 100% values. Scale bar
shows substitutions/site.

raised edges; 6) infralabials 7; mental and anterior three to four infralabials with raised
edges; 7) temporals 2+3.2+3-4+4-5; 8) (31-35)-(33-35)-(27-29) dorsal scale rows; 9)
laterally rounded ventrals 164—172+2; 10) unpaired subcaudals 48—49; 11) total length
at least 266-354 mm in males (with a tail length of 44—56 mm and a TaL./TL ratio of
0.16). The coloration corresponds to that given in the original description (Ziegler et
al. 2018): brownish-black above, with a broad yellow neckband widening towards the
venter and stretching to the chin region; dorsal head surface in part reddish-brown,
in particular in the middle of the parietals and frontal; venter grayish-brown, lighter
anteriorly, darker towards tail region; ventrals anteriorly and laterally darker. It should
be noted that we are most likely dealing with subadult specimens, with a pronounced
whitish-pinkish nuchal collar. For example, in the related species Parafimbrios lao, the
nuchal collar dims and disappears with age, which can be seen in Teynié et al. (2015:
fig. 4). More findings of this rare snake will add information to this species’ diagnosis.

Parafimbrios vietnamensis was previously known only from Hoang Ho Village,
Phang So Lin Commune, Sin Ho District, Lai Chau Province in northern Vietnam
(Ziegler et al. 2018). Although the new locality in Yen Bai Province is more than
200 km southeast of the type locality, the samples exhibit a relatively low amount of
genetic divergence from each other.

The mountain systems in this area are composed of magmatic silicate rocks, particu-
larly granite and quartzite, which were formed as extensive intrusions of late Paleozoic
and Mesozoic age (Dovzikov et al. 1965). Tertiary tectonic movements uplifted these
mountain terrains up to the present-day elevations, and subsequent erosion processes
formed the present-day characteristic rocky landscape of this highland area, with very
steep slopes, numerous rocky cliffs and deep and narrow river canyons (Fridland 1961;
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Averyanov et al. 2003). This area is extremely humid, with warm rainy summers and
cold foggy and misty winters and without a distinct dry period. The peak of rainfall ar-
rives in the summer months. Morning dew is very common throughout the mountain
zone, as well as frequent heavy fog. Humid, cold, northeast monsoon winds that bring
heavy fog, mist and drizzle are very common in the winter and early spring (Averyanov
et al. 2003). Zonal types of vegetation in the studied area belong to a group of closed
evergreen tropical monsoon (seasonal) submontane forests (Averyanov et al. 2003).

There are now three known specimens of genus Parafimbrios recorded in Vietnam:
one of P lao and two of P vietnamensis. The discovery highlights the difficulty of
finding specimens of Xenodermidae and the need for further surveys in these areas of
Vietnam and Eastern Laos.

So far, the following snake species were reported from Che Tao Village, Che Tao
Commune, Mu Cang Chai District, Yen Bai Province in Vietnam: Oreocryptophis
porphyraceus (Cantor, 1839), Hebius bitaeniatus (Wall, 1925), H. boulengeri (Gressitt,
1937), Pararbabdophis chapaensis Bourret, 1934, Sinonatrix percarinata (Boulenger,
1899), Pareas hamptoni (Boulenger, 1905) (Le et al. 2018). This new record of the rare
snake species Parafimbrios vietnamensis is an important supplement to the list of snakes
recorded from Yen Bai Province, and highlights its conservation needs.
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Abstract

In this study five new records and two probably undescribed species of heterobranch sea slugs placed in
four genera, three families, and two orders are reported from Kuwait, northwestern Arabian / Persian Gulf
with details and photographs. The present study increases the heterobranch diversity in Kuwaiti waters
from 35 to 40 species. The range of habitats in Kuwait provides a vital opportunity for further investiga-
tion to understand the actual faunal diversity.

Keywords
Nudibranchs, diving, intertidal, Kuwait, Arabian Gulf

Introduction

Heterobranch sea slugs are one of the most colourful marine invertebrates, usually de-
void of shells but in a few species, it is found externally and internally (e.g., Cephalaspi-
dea, Aplysiida, Pleurobranchida), occurring in reefs, rocky habitats, and soft substrata
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(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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(Yonow 2008; Mehrotra et al. 2021). The Arabian / Persian Gulf (APG) is a shallow
marginal sea with a very wide range of temperature (10-48 °C) and salinity (42—65%o)
and also highly impacted by anthropogenic activities (Sheppard et al. 2010). Kuwait
lies in the northwestern APG, receiving freshwater input from Shatt-Al-Arab in Iraq,
and has diverse habitats such as mud flats, sandy beaches, rocky shores, salt marshes,
seagrass meadows, and coral reefs (Al-Yamani et al. 2004). The marine biodiversity of
these productive habitats is unique and adapted to live in these extreme environmental
conditions (salinity > 41 ppt and sea water temperature, 14 to > 30 °C) which falls
beyond the physiological threshold for many organisms found elsewhere (Edmonds
et al. 2021). Anthropogenic activities such as coastal development, pollution, etc. has
immense impact on the fauna and flora in this marginal environment (Sheppard et al.
2010; Burt 2014).

The heterobranch fauna of APG are rather poorly documented with sporadic re-
ports from Kuwait, Saudi Arabia, United Arab Emirates (UAE), and Iran (Glayzer et
al. 1984; Jones 1986; Gosliner and Behrens 2004; Al-Yamani et al. 2012; Nithyanan-
dan 2012; Yonow 2012; Gosliner et al. 2015; Rezai et al. 2016; Al-Kandari et al. 2020;
Amini-Yekta and Dekker 2021). In Kuwaiti waters to date, 35 species of heterobranchs
were recorded belonging to eighteen families and two orders (Al-Yamani et al. 2012;
Nithyanandan 2012). In the present study new records of heterobranchs are docu-
mented from an offshore island and artificial marine habitats in Kuwaiti waters during
the years 2012-2014.

Materials and methods

The Sabah Al-Ahmad Sea City (SAASC) is the largest coastal township develop-
ment in Kuwait (Jones and Nithyanandan 2012a) covering an area up to 70 km?,
with a network of artificial lagoons and habitats ranging from intertidal to subtidal
zone (ca. 10 m depth). Heterobranchs were recorded from various artificial ma-
rine habitats (rock culverts, bridge piers, etc.) of SAASC (Fig. 1) by SCUBA div-
ing while conducting routine underwater surveys for benthic monitoring during
the years 2012-2014. Heterobranchs were photographed at 3-5 m depth using a
digital camera (Panasonic LUMIX DMC-TZ7) with a waterproof casing. Due to
the low density of animals observed, no attempts were made to collect reference
specimens. No live measurements of the individuals were carried out. One indi-
vidual was photographed from the rocky intertidal habitats of Failaka island dur-
ing an extensive intertidal benthic survey in the winter of 2014. All morphological
features described in this study are based on detailed examination of numerous
photographs using Adobe Photoshop CS6. The classification adopted in this study
is based on Bouchet et al. (2017) and, for nomenclature, the World Registry of
Marine Species (WoRMS 2021) was followed. Identification of recorded individu-
als were based on Yonow (2008), Gosliner et al. (2015), and recent literature listed
in WoRMS (2021).
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Taxonomic account

Clade TECTIPLEURA Schrédl, Jorger, Klussmann-Kolb & Wilson, 2011

Super Order EUOPISTHOBRANCHIA Jérger, Stoger, Kano, Fukuda, Knebels-
berger & Schrédl, 2010

Order CEPHALASPIDEA P. Fischer, 1883

Family AGLAJIDAE Pilsbry, 1895 (1847)

Genus Chelidonura A. Adams, 1850

Chelidonura livida Yonow, 1994
Figure 2

Aglaja cyanea (nigra): Engel and van Eeken 1962 (part): 17, E55/342 (Red Sea).

Chelidonura africana: Yonow 1990: 289, pl. 4 (Red Sea; misidentification).

Chelidonura livida Yonow, 1994a: 141-147, Fig. 1 (Eilat, Red Sea): Yonow 2008: 78—
79, includes five figures (Gulf of Eilat, Red Sea).
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Photographic record. SAASC Al-Khiran, 13 June 2012, one individual photographed
at 3 m depth in sandy substrate, R. Dinesh Kumar.

Description. The individual has a black body colour, prominent electric blue spots
scattered over the dorsum, head, and parapodia (Fig. 2). White flecks interspersed with
electric blue spots are found on the head and along the edges of the parapodia. The cau-
dal flaps are unequal with the left longer than the right, and with an electric blue spot
at the base of the left caudal flap (see Fig. 2). The blue spots on the anterior portion of
the propodium form a coalescent line which is partly visible in this individual (Fig. 2).

Distribution. Israel (Yonow 1994a, 2008), Abu Dhabi (Hardy 2001), Mayotte
Island (http://seaslugs.free.fr/nudibranche/a_cheli_livida.htm), Tanzania and Mozam-
bique (Gosliner et al. 2008; Tibiri¢d and Malaquias 2017), and Kuwait (this study).

Remarks. Yonow (1994a) described Ch. livida from Eilat, Israel, in the north-east-
ern Red Sea. In Ch. livida, both sides of the mouth bear whitish or yellowish sensory
bristles which is visible in the frontal view or if viewed from above (Yonow 1994a);
however, it is not clearly visible in the photograph of the individual presented in this
study due to the angle at which it was photographed (Fig. 2). The head shield has two
short processes on its lateral side, which is bit longer in the left compared to the right
side and tubular when the animal is in relaxed state (Yonow 1994a). This was clearly
observed in the individual recorded in this study (Fig. 2). The individual recorded from
Mozambique (Tibiri¢d and Malaquias 2017: fig. 2f) has prominent electric blue rings
that are scattered over the dorsum and parapodial margin. The caudal flaps are rather
thin, the right one short and the left one elongated with a prominent electric blue spot.
However, the individual observed in this study has short and thick caudal flap with a
thin, pointed tip and a blue spot at its base (Fig. 2). The species possesses a highly re-
duced internal shell. This is a new record to both Kuwait and the APG, this record de-
noting a range extension into the northern APG from its type locality in the Red Sea.

Figure 2. Chelidonura livida Yonow, 1994. Photograph R. Dinesh Kumar.
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Clade Nudipleura Wigele & Willan, 2000
Order Nudibranchia Cuvier, 1817

Family Chromodorididae Bergh, 1891
Genus Goniobranchus Pease, 1866

Goniobranchus bombayanus (Winckworth, 1946)
Figure 3

Glossodoris bombayana Winckworth, 1946: 155-156, fig. 1 (Bombay, India).
Goniobranchus naiki Valdés, Mollo & Ortea, 1999: 468-471, fig. 1 (Mandapam,
southern India); Gosliner et al. 2015: 228, one figure.

Photographic record. SAASC, Al-Khiran, 23 March 2013, one individual photo-
graphed at 5 m depth on a concrete wall adjacent to tidal gates, Don Christopher
Pereira.

Description. The individual photographed has a translucent white body with con-
spicuous deep purple spots scattered over the dorsum (Fig. 3). The foot is covered by
the dorsum. On the mantle margin, yellow spots are arranged in a row merging with
the purple spots. These yellow spots appear as a tubercle projecting from the centre
of few purple spot on the dorsum and are confluent with purple spots in the margin.
Rhinophores and gills bear rows of faint opaque white spots.

Distribution. Known only from Mandapam, southern India (Valdés et al. 1999),
Mumbai and Gulf of Kutch, northwestern India (Winckworth 1946; Apte and Desai
2017), and Kuwait (this study).

Figure 3. Goniobranchus bombayanus (Winckworth, 1946) (arrow indicates the white foot with no spots
or markings). Photograph Don Christopher Pereira.
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Remarks. Johnson and Gosliner (2012), in considering the monophyletic nature
of the genus Chromodoris, suggested a revision in the classification by moving some
Indo-Pacific chromodorids to the genus Goniobranchus. According to WoRMS (2021)
Goniobranchus naiki Valdez, Mollo & Ortea, 1999 from Mandapam, southern India
is a junior synonym of G. bombayanus (Winckworth, 1946). In G. naiki, Valdés et al.
(1999) and Gosliner et al. (2015) indicated the occurrence of translucent white spots on
the dorsum; in the individual recorded during this study only faint opaque spots were
observed (Fig. 3). In G. bombayanus the posterior portion of the foot extends beyond
the mantle as a white tail with no dark spots (Winckworth 1946), which is also visible
in the photographed individual (Fig. 3, arrowed). A new record to Kuwait and the APG.

Goniobranchus sp. 1
Figure 4

Photographic record. SAASC, Al-Khiran, 23 March 2013, one individual photo-
graphed at 3.5 m depth on a rock culvert, R. Dinesh Kumar.

Description. The individual has a white body with dark purple spots scattered
over the dorsum and mantle margin (Fig. 4). A row of orange-yellow mantle glands
covers the mantle margin. Rhinophores have a white base and bright orange lamellae
gradually extending from the anterior surface up to 1/4 of the dorsal side, and the gills
are white with a bright orange midrib.

Distribution. Kuwait (this study) and Abu Dhabi, UAE Coast (http://medslugs.
de/E/Ind-N'W/Goniobranchus_sp_10/Goniobranchus_sp_10_01.htm)

Remarks. Very similar to G. kitae (Gosliner 1994; see below) and G. tumuliferus
(Collingwood, 1881) (see Gosliner et al. 2015 and Mehrotra et al. 2021). However,
the individual observed in this study differs from both G. kitae and G. tumuliferus

Figure 4. Goniobranchus sp. 1. Photograph R. Dinesh Kumar.
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by having orange rhinophores with a white base, an orange midrib in the gills, pur-
ple spots on the elongated foot, and yellow at the tip of the elongated foot (Fig. 4).
Probably an undescribed species.

Goniobranchus sp. 2
Figure 5

Photographic record. Failaka Island, 22 December 2014, one individual found in
rocks in sandy mud intertidal areas at the lowest tide mark, Dr. Valeriy Skryabin.

Description. The individual has a white translucent body with dark red / purple
spots scattered over the dorsum; a few of the dark red / purple spots have a tubercle-
like projection in the middle giving a conical impression (Fig. 5, arrowed). A scattered
row of spots extends around the margin of the mantle and the foot. Rhinophores
are translucent with white lamellae. Gills are also translucent with a white midrib.
The edge of the mantle has a submarginal bright yellow band and an interior ring of
opaque white glands.

Distribution. Kuwait (this study).

Remarks. The individual recorded has a submarginal ring of translucent white glands
just inside the prominent bright orange band similar to G. tumuliferus (Collingwood,
1881; see also Gosliner et al. 2015: 229). However, in G. tumuliferus the rhinophores
and tentacles have opaque white tips (Gosliner et al. 2015; Mehrotra et al. 2021), which
was not observed in the individual recorded during this study. The translucent white
glands with dark red / purple spots interrupting the bright orange band is a character
combination of what has been observed in Goniobranchus kitae Gosliner, 1994 from
Madagascar and G. bimaensis (Bergh, 1905) from the Indo-West Pacific. Probably an
undescribed species.

Figure 5. Goniobranchus sp. 2 (arrows indicate tubercle-like projections in the dark red/purple spots

which give the impression of a conical projection). Photograph Dr. Valeriy Skryabin. Scale bar: 1 mm.
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Genus Hypselodoris Stimpson, 1855

Hypselodoris infucata (Riippell & Leuckart, 1830)
Figure 6A, B

Doris infucata Ruppell & Leuckart, 1828-1830: tab X, 34, fig. 3 (northern African
Red Sea).

Photographic record. SAASC, Al Khiran, 2 July 2013, two individuals photographed
at 3 m depth on a rock culvert, R. Dinesh Kumar.

Description. The two individuals in the photographs have a slender white body
with blue, yellow, and black spots scattered all over. At the mantle margin, triangular
dark blue-green and pale blue patches alternate (Fig. 6A), and bright yellow spots are

R N Y. ke N w Lo g'a

Figure 6. A Hypselodoris infucata (Riippell & Leuckart, 1830) B colour morph. Arrows indicate alternate
dark blue-green and pale blue triangles, a diagnostic feature of this species. Photograph R. Diniesh Kumar.
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scattered on both the dorsum and foot. The rhinophores are bright orange-red and the
core is white. The oral tentacles are bright orange-red at the midrib and tip (Fig. 6A).
A row of prominent dark blue blotches occurs on the either side at the edge of dorsum.

Distribution. Indo-West Pacific species and a Lessepsian migrant (Rudman
1977; Yonow 2008), Oman, South Africa, Philippines, Australia (Debelius 1996),
Madagascar, Bali, Indonesia, Papua New Guinea, and Hawaii (Johnson and Valdés
2001; Gosliner et al. 2008), Gulf of Kutch and Lakshadweep, India (Apte 2009;
Apte et al. 2010), Larak and Lavan islands, Iran (Rezai et al. 2016), Mozambique
(Tibiricd et al. 2017), Pakistan (Gul, 2019), Thailand (Mehrotra et al. 2021), and
Kuwait (this study).

Remarks. This species exhibits a high degree of variability in colour pattern and
the bright yellow spots observed in the individual during the present study was simi-
lar to a specimen recorded from Eilat, northern Red Sea (Ben Tov 2003). A second
colour morph (Fig. 6B) was also recorded with triangular blue grey patches on the
either side of the dorsum as illustrated in Yonow (2008). Hypselodoris infucata can
be easily confused with H. kanga Rudman, 1977 due to morphological similarities
(Rudman 2007; Mehrotra et al. 2021). In H. infucata the gills are rather simple with
a bright red line on the outer and inner edges, whereas in A. kanga, they are triangular
with three lines and, distinctively, with white or yellow spots in-between (Rudman
2007). Bluish purple lines usually occur in the dorsum of H. kanga (Mehrotra et
al. 2021); however, individuals observed in this study only have dark blue or black
spots. Hypselodoris infucata differs externally from another congener, A. ro0 Gosliner
& Johnson in Epstein et al. 2018, in not having a white spot at the base of the rhino-
phores on the posterior side and a broad posterior portion of the notum (Epstein et
al. 2018). A new record to Kuwait.

Hypselodoris sp.
Figure 7

Photographic record. SAASC, Al-Khiran, 23 March 2013, one individual on an uni-
dentified sponge photographed at 3.5 m depth, R. Dinesh Kumar.

Description. The individual photographed has a bluish grey body with yellow and
black spots. The margin of the mantle is thin; yellow and black spots extend onto the
foot. A prominent row of black blotches is present on the either side of the dorsum.
Rhinophores are tipped red-orange, with a translucent white base (Fig. 7). Gills are
orange-red at the tips and the midribs are interrupted with white bands. A circular row
of blue spots extends onto the base of the slightly elevated gill pocket.

Distribution. Kuwait (this study).

Remarks. The individual in this study has similarities in colour pattern with two
recently described species, H. confetti (Johnson & Gosliner in Epstein et al. 2018)
and H. roo. In H. conferti, the gills have purple lines and red-orange tips and in H.
roo the gills are bright orange-red at tips with two red lines on the exterior side and
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D

Figure 7. Hypselodoris sp. on an unidentified sponge. Photograph R. Dinesh Kumar.

one on the interior. However, the individual in this study has gills with orange-red
midribs and tips (Fig. 7). The bases of the rhinophores are purple in H. conferti and
red in H. roo with a prominent opaque white spot on the posterior side (Epstein et al.
2018), which is clearly absent in the individual recorded in this study as it only has
orange-red tipped rhinophores with white bases (Fig. 7). In H. roo, the posterior por-
tion of the notum has a tapering shape, which was also observed in this individual
(Fig. 7). A new record to Kuwait and the APG.

Family Facelinidae Bergh, 1889
Genus Caloria Trinchese, 1888

Caloria indica (Bergh, 1896)
Figure 8

Learchis indica Bergh, 1896: 385-394, figs 1-4 (Ambon, Indonesia).

Photographic record. SAASC, Al-Khiran, 18 November 2014, one individual on sand
and rock mixed substratum photographed at 3.5 m depth, Don Christopher Pereira.

Description. The body is slender, translucent white, with a marking of white lines
on the dorsum up to the rhinophores. Orange markings are prominent on the anterior
part in front of the cerata and along the sides between the cerata. The rhinophores are
smooth, white in colour, orange at the base with a prominent orange band at the mid-
dle. The oral tentacles also appear white, long, and slender, with basal orange markings.
The cerata are fusiform with white, brown, and blue bands and a translucent white tip.
The tail is white, long, and pointed.

Distribution. Indo-West and Central Pacific, Hawaii, Japan, Australia, Indonesia,
India, South Africa, Tanzania (Gosliner 1987; Yonow 2008; Gosliner et al. 2015),
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Figure 8. Caloria indica (Bergh, 1896). Photograph Don Christopher Pereira.

India (Sreeraj et al. 2012), Maldives (Yonow 1994b), Thailand (Mehrotra et al. 2021),
Myanmar (Sanpanich and Duangdee 2019), Papua and New Guinea (Baine and
Harasti 2007), Christmas Island, Fiji, New Caledonia, Oman, Seychelles, and Solo-
mon Islands (Gosliner et al. 2008), and now Kuwait (this study).

Remarks. Inhabits coral reef areas (Mehrotra et al. 2021). Feeds on hydroids
(Yonow 2008; Gosliner et al. 2015). A new record to Kuwait and the APG.

Discussion

Kuwait’s rich and unique marine biodiversity is poorly documented and more co-
ordinated biodiversity assessments for sustainable management are essential (e.g.,
Edmonds et al. 2021). The offshore and inshore coral reef habitats are important for
several invertebrate and vertebrate species (Papathanasopoulou and Zogaris 2015).
Post-gulf war economic development of Kuwait has led to innovative coastal develop-
ment projects (e.g., Sabah Al Ahmad Sea City) which has increased the extent of both
the shoreline and coastal habitats, enhancing marine biodiversity and fisheries (Jones
and Nithyanandan 2012b; Nithyanandan 2012; Myers and Nithyanandan 2016;
Nithyanandan et al. 2016).

In this study five new records of heterobranch sea slugs to Kuwait and the APG
and two potentially new species are reported. Furthermore, this study increases the
total number of heterobranch fauna of Kuwait to 40 species, which is 28% of the
number reported from both the APG and Gulf of Oman (Amini-Yekta and Dek-
ker 2021).
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The occurrence of diverse habitats such as sand, mud flats, rocks, coral reefs, sea-
grass beds, etc. provides many more opportunities to examine and expand knowledge
of the heterobranch diversity in Kuwaiti waters. Harsh environmental conditions in
the APG waters of Kuwait potentially governs the impoverished biodiversity of marine
biota. Extensive coastal development in the Arabian Peninsula with wide range of arti-
ficial marine substrates such as breakwaters, jetties etc. serves as viable benthic habitats
attracting colonisation of marine biota (Burt and Bartholomew 2019). In Kuwait,
availability of a wide range of benthic substrates both in natural habitats (Al-Kandari et
al. 2020) and massive coastal development such as SAASC (Jones and Nithyanandan
2012a) serve as important areas for nudibranch diversity. The colonisation of ben-
thic invertebrates such as sponges, hydroids, etc. in SAASC (Jones and Nithyanandan
2012a; Nithyanandan 2012), which are key prey items for sea slugs (McDonald and
Nybakken 1997), could potentially attract them to these artificial habitats. A recent
intensive study on sea slug diversity from Thailand indicates the importance of under-
standing habitat diversity (both natural and artificial) and ecology which drives the
functional diversity (Mehrotra et al. 2021).

Historically in Kuwaiti waters efforts were only laid to understand the diversity of
heterobranchs (Glayzer et al. 1984; Jones 1986; Al-Yamani et al. 2012; Nithyanan-
dan 2012). Thus, a huge knowledge gap exists in understanding habitat diversity,
food preferences, predator-prey interactions, and animal associations in heterobranchs
from this marginal environment, which are key factors in driving its diversity and
ecology. In the near future, intensive surveys and collecting efforts should incorporate
these objectives which could not only help in documenting the diversity of hetero-
branchs in Kuwait and in the rest of the Arabian / Persian Gulf but also their valuable
ecological functions.
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Abstract

In the Caucasus, the genera Amblyiulus Silvestri, 1896 and Syrioiulus Verhoeff, 1914 are shown to include
two and four species, respectively: Amblyiulus georgicus Lohmander, 1932, from Georgia and Armenia,
A. hirtus sp. nov., from Azerbaijan and Dagestan, Russia, Syrioiulus adsharicus (Lohmander, 1936), from
Georgia, S. continentalis (Attems, 1903), from Azerbaijan and Iran, S. faliscius (Attems, 1927), from Azer-
baijan, and S. armeniacus sp. nov., from Armenia. All these six species are described, illustrated, and keyed,
and their distributions are mapped and discussed, based on the literature data and abundant new samples.

Keywords
Faunistic records, key, map, new species, Pachyiulinae, Pachyiulini, taxonomy

Introduction

The very large family Julidae, of the basically Holarctic order Julida dominates the
millipede faunas of Europe and the Mediterranean, marginally extending into the
Oriental realm as well (Enghoff et al. 2015; Kime and Enghoff 2017). The subfam-
ily Pachyiulinae, often referred to as the tribe Pachyiulini, encompasses between 15
and 20 genera, or 16-22 genera or subgenera, according to Anti¢ et al. (2018) and
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Vagalinski (2020), respectively, and is characterised by the anterior gonopods being
devoid of flagella, with a distinct sternum, both being fused mediobasally, and the
posterior gonopods showing a mesomeral process, if any, only as an anterior branch
of the opisthomere (Attems 1940; Tabacaru 1978). This group is monophyletic (Eng-
hoff et al. 2013), temperate trans-Palaearctic, mostly restricted to the Mediterranean
and ranges from Macaronesia in the west, through the entire Mediterranean, Central
Asia, and central China, to Japan in the east. In the Caucasus proper, including the
near-Caspian part of the Republic of Azerbaijan, but excluding the one in Iran (= both
parts forming the Hyrcanian biogeographic province), this subfamily/tribe is currently
known to be represented by three genera only.

The genus Pachyiulus Berlese, 1883 contains ca. 15 species of mostly very large julids
which are largely confined to Southern and Southeastern Europe, the Near East, and
the Caucasus (Enghoff et al. 2015). The Caucasus actually supports a single native spe-
cies, P krivolutskyi Golovatch, 1977, recently revised (Evsyukov 2016) and endemic to
the western Caucasus (= Colchidan biogeographic province) within both Georgia and
Russia (Kokhia and Golovatch 2020). One more congener, the eastern Mediterranean
and synanthropic 2 flavipes (C.L. Koch, 1847), has been introduced to the western Cau-
casus (Lohmander 1936), also being a very common, “tramp” species across Crimea (e.g.,
Golovatch 2008; albeit perhaps erroneously referred to as 2 varius (Fabricius, 1781)).

The remaining two known genera of this tribe/subfamily which inhabit the
Caucasus are Amblyiulus Silvestri, 1896 and Syrioiulus Verhoeft, 1914. The diagnoses
and species compositions of these two genera, the main focus of the present contribu-
tion, remained unclear and confused for a long time, sometimes the latter genus being
treated even as a synonym of the former (Tabacaru 1978, 1995). Mauriés (1982), in
contrast to Tabacaru (1978), elevated Syrioiulus to a full genus and defined it primarily
through a deeply bipartite posterior gonopod. He considered Syrioiulus, together with
the monotypic Promeritoconus Verhoeff, 1943, from Turkey, and the species-rich genus
Amblyiulus, as a single eastern Mediterranean lineage in the subfamily Pachyiulinae
that is distinguished by the presence of eyes and, with a few exceptions only, 1+1 fron-
tal setae, the development of apicoventral lobes on the male mandibular stipites, and of
subequally high posterior gonopodal mesomeral process and opisthomere. Most, but
not all, of the species from the Levant, Sporades (Greece), Caucasus, Iran and even Ja-
pan were thereby formally transferred to Syrioiulus. Some others from the same regions
remained in or newly reassigned to Amblyiulus.

Enghoff (1992), in his review of Dolichoiulus Verhoeff, 1900, mentioned Syrioiulus
only in passing. He, in his own outline of the pachyiuline generic classification, re-
diagnosed Amblyiulus and put the main emphasis on the structure of the posterior
gonopods which show three apical processes, not two as is characteristic of several
other genera, including Syrioiulus. Furthermore, he clearly illustrated the gonopods of
A. barroisi (Porat, 1893), the type species of Amblyiulus.

The situation has become fully clarified only very recently, when first Golovatch
(2018) and then Vagalinski (2020) confirmed the distinctions between Amblyiulus
and Syrioiulus as lying solely in posterior gonopod conformation, also refining their
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diagnoses and scopes. Both these genera appear to be very similar, but differ clearly
in the structure of the posterior gonopods: each of these being strongly divided into
two branches (“bipartite”), i.e., a frontal (= mesomeral) and a caudal (= opisthomere)
branch in Syrioiulus spp., vs. “tripartite”, with a third branch, a flagelliform rod, in
Amblyiulus spp. (Golovatch 2018). A further refined account of the main differences
between both these genera compared is given below.

Considering the above distinctions, Amblyiulus in the Caucasus appears to com-
prise only one described species: A. georgicus Lohmander, 1932. In addition, both
Bababekova (1969, 1996) and Rakhmanov (1972) listed in Azerbaijan a dubious
species, A. faliocius Attems, likely a misspelling of zaliscius. The genus Syroiulus in the
Caucasus presently includes three old species, all valid: S. adsharicus (Lohmander,
1936), S. continentalis (Attems, 1903), and S. raliscius (Attems, 1927). Vagalinski
(2020), in his review and a provisional checklist of Syrioiulus species, emphasised
the still-poor distinctions of Syrioiulus as opposed to a few pachyiuline genera other
than Amblyiulus.

Materials and methods

All material has been shared between the collections of the Zoological Museum of
the Moscow State University, Russia (ZMUM), the Senckenberg Museum of Natural
History in Gorlitz, Germany (SMNG), and the Institute of Zoology, University of
Belgrade, Serbia (IZB). The specimens are stored in 70% ethanol. Some parts of males
(antennae, gonopods, legs, etc.) and females (vulvae and leg pairs 2) were dissected and
mounted in glycerol on temporary microscopic slides. Photographs were taken using a
Zeiss StereoDiscovery V.20 microscope and processed with Zeiss ZEN software. Line
drawings were executed using a camera lucida attached to a Radical light-transmission
microscope. Scanning electron micrographs were taken with a Zeiss CrossBeam 340
(Rostov-on-Don State Technical University, Rostov-on-Don, Russia) or a JEOL JSM-
6510LV (SMNG) scanning electron microscope (SEM). For some SEM micrographs,
the gonopods were glued to a small sticky plastic triangle, placed on an SEM-stub, air
dried for two days in a glass filled with Silica gel and finally coated with gold. After
examination, material was removed from stubs and returned to alcohol. Live animals
were photographed in situ using a Canon PowerShot $X120 IS digital camera.

The distribution map was created using Google Earth Pro 7.3.3 and processed in
Adobe Photoshop CS6.

A “body ring formula” indicates the number of podous (including the gonopod-
bearing segment/ring) and apodous segments/rings in an individual. This formula is
p+a+T where p is the number of podous body rings, a the number of apodous body
rings, and T represents the telson (Enghoff et al. 1993). Only adults have been ana-
lysed in the present study. For morphological descriptions, we largely used the termi-
nology from Minelli (2015), for descriptions of the gonopods, that of Enghoff (1992)
with changes in Vagalinski (2020).
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The biogeographic regionalisation of the Caucasus follows the botanical one by
Menitsky (1991).

No type material of the previously described species has been revised (mostly stored
in the Zoological Institute, Russian Academy of Sciences, St. Petersburg) because of the
2020-2021 COVID pandemic, and the descriptive accounts and illustrations available
in the literature are sufficiently complete and clear to allow a safe species identification.
Colouration is largely described from preserved material. In the catalogue sections, D
stands for a description or descriptive notes, R for new or repeated records, while M is
a mere mention.

Refined characteristics of Amblyiulus vs. Syrioiulus

As shown below in the descriptions of individual species, the use of SEM allows for the
distinctions between both genera concerned to be further refined. It is the opisthomere,
not the entire posterior gonopod, that is bifid in Syrioiulus: a solenomere (with a distinct
fovea or a deep saddle-like structure on top) and an anterior process (an anterior, lamel-
lar branch adjacent to the solenomere) (Figs 7D, 10D, 12D-FE 14D). Using standard
light microscopy, this anterior process often remains unnoticed, since it is very tightly
appressed to the solenomere. In contrast, a third, anteromesal or lateral process/rod of
the opisthomere is characteristic of Amblyiulus (Figs 3D, E 5A, D-E 1, ]).

As a result, it is only the structure of the opisthomere of the posterior gonopods
that allows for the genera Amblyiulus and Syrioiulus to be more or less confidently diag-
nosed and separated. At the same time, species of Syrioiulus are mostly very similar in
gonopodal conformation (Figs 7A-C, E, F, 10A-C, E, E 12A-C, [, ], 14A-C, E-G),
but they differ well in somatic characteristics, such as the presence or absence of eyes,
frontal setae, and hairs on the rings (see also Key below). Similarly, within the genus
Pachyiulus, several species were synonymised based solely on shared gonopodal charac-
ters (Mauriés et al. 1997), but later some have been revalidated on the basis of somatic
features such as colouration (Frederiksen et al. 2012).

Taxonomic part

Genus Amblyiulus Silvestri, 1896

Type species. Julus barroisi Porat, 1893, by original designation.

Diagnostic remarks. Here we follow Tabacaru’s (1978) opinion that the genera of
the subfamily/tribe Pachyiulinae/-ini are best to be diagnosed using a complex of char-
acters, both gonopodal and somatic. In the latest review of this tribe (Mauri¢s 1982),
all genera are divided into three groups depending on the structure of the apical part
of the opisthomere, viz., the presence/absence of a fovea and the presence/absence of a
pseudoflagellum. He mistakenly assigned the genus Amblyiulus to group 3 (along with
many other genera like Dolichoiulus), which have neither a fovea nor a pseudoflagellum.
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However, in accordance with our and earlier descriptions (e.g., Golovatch 2018), Am-
blyiulus has a fovea, however small, on the top of the solenomere. By the presence of
a fovea and the absence of a pseudoflagellum, the genera Parapachyiulus Golovatch,
1979 and Dangaraiulus Golovatch, 1979 also join this group (Golovatch 1979, 2018).
According to a number of other characters, such as the presence of frontal setae, api-
coventral lobes on the male mandibles, and the mesomeral process being as high as the
opisthomere, Amblyiulus belongs to Mauries’ subgroup 3aa, together with the genera
Syrioiulus and Promeritoconus. However, it seems noteworthy that sometimes frontal
setae can be absent, while male mandibular stipites can remain unmodified.

The promere in Amblyiulus is narrowed in the basal third, in contrast to that in
Promeritoconus, which is narrowed apically; in the apical part it may have one or two
denticles, but sometimes none. The head can be with or without frontal setae. The eyes
are mostly absent. The opisthomere of the posterior gonopod is tripartite: a soleno-
mere, an anterior process, and an anteromesal or lateral rod, vs. bipartite in Syriozulus.

Species included. Amblyiulus barroisi (Porat, 1893), Amblyiulus cedrophilus
(Attems, 1910), Amblyiulus festae (Silvestri, 1895), Amblyiulus georgicus Lohmander,
1932, Amblyiulus hirtus sp. nov., and possibly several others, but their identity requires
verification (Golovatch 2018).

Amblyiulus georgicus Lohmander, 1932
Figs 1A, 2, 3, 15A, 16

Amblyiulus georgicus Lohmander, 1932a: 180-182, figs 10-12 (D).

Amblyiulus georgicus—Lohmander 1936: 170 (M); Kobakhidze 1965: 395 (M);
Loksina and Golovatch 1979: 385 (M).

Syrioiulus georgicus—Mauries 1984: 43 (M); Kokhia and Golovatch 2020: 207 (M).

Material examined. ARMENIA: 3 33, 5 99, 2 juv. (ZMUM), SW of Shnokh halfway
between Alaverdi and Bagratashen, ca. 1500 m a.s.l., Carpinus forest, litter, 24.V.1987;
2 29 (ZMUM), Odzun W of Alaverdi, 15001550 m a.s.l., Quercus, Fagus, Carpi-
nus, etc. forest, litter and under stones with ants, 23-24.V.1987; all leg. S. Golovatch,
K. Eskow.

Diagnosis. Differs from A. hirtus sp. nov., apparently the most similar and geo-
graphically the closest congener known to date, by the following combination of so-
matic and gonopodal characteristics. Head without frontal setae; collum and metazo-
nae of body rings without setae. Male mandibular stipites expanded. Promere wide,
with two apical denticles. Solenomere with a membranous lobe notched apically. Rod
of opisthomere relatively short. See also Key below.

Redescription. Length of adults 27-30 mm (4'd) or 28-31 mm (9 9Q), width
1.6-1.7 mm (83) or 1.7-1.9 mm (2 ?). Number of body rings in adults, 65-67+2+T
(33) or 67-69+2+T (Y Q). Body subcylindrical (typical of Julidae), metazonae brown-
ish grey, prozonae yellowish grey (Fig. 1A). Head, a few postcollum rings and telson
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Figure 1. Habitus of Amblyinlus and Syrioiulus species, males, lateral views A A. georgicus Lohmander,
1932 from Shnokh, Armenia (ZMUM) B A. hirtus sp. nov., paratype from Bash-Layski, Azerbaijan
(ZMUM) C S. adsharicus (Lohmander, 1936) from Adigeni, Georgia (ZMUM) D S. continentalis (At-
tems, 1903) from Istisu, Azerbaijan (ZMUM) E S. taliscius (Attems, 1927) from Avrora, Azerbaijan
(ZMUM) F S. armeniacus sp. nov., paratype from Shikahoh, Armenia (ZMUM). Scale bars: 1.0 mm.
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lighter than other body rings. Collum more vividly red-brown. Antennae, mouthparts,
and legs yellow (Fig. 2A—C). Eyes absent. Metazonae with weak and irregular stria-
tions, 1416 striae between dorsal axial line and ozopore (Fig. 2D). Ozopores relatively
large, with a stria in front and lying behind suture without touching it (Fig. 2H).

Antennae relatively long, in situ reaching segment 4. Head without frontal setae,
but with 8+8-9+9 labral and 2+2 supralabral setae (Fig. 2A—C). Gnathochilarium with
four setae on each lamella lingualis, stipites with a group of several short setae in me-
dial part and three long setae at anterolateral margin (Fig. 2I). Collum and metazonae
without setae at posterior margin (Figs 1A, 2A-G). Epiproct undeveloped (Fig. 2E, F).
Hypoproct subtriangular, with several long setae (Fig. 2G). Telson and anal valves
sparsely setose, setae being long (Fig. 2E-G).

Male. Mandibular stipites expanded, slightly swollen in distal part (Fig. 2A). Leg
pair 1 small, unciform, with a group of setaec on each coxa and at base of telopo-
dite; telopodite relatively long (Fig. 2]). Leg pair 2 with pads on postfemur and tibia
(Fig. 2K). Penes short, bifurcate on top. Ventral edge of male segment 7 with elongated
and rounded lamellae bordering the gonopodal aperture (Fig. 2L).

Gonopods (Fig. 3). Promere spoon-shaped, relatively wide, constricted in basal
third; mesal ridge in apical part forming a small mesal denticle (Fig. 3B, E). Lateral
denticle large, well-developed. Mesomeral process simple, flattened, ribbon-shaped,
notched on top (Fig. 3A, C, F). Opisthomere tripartite (Fig. 3D). Solenomere long,
slightly curved, with caudomesal lamella notched apically; apical part with a fovea and
a pointed membranous process. Anterior process of opisthomere appressed to soleno-
mere, with a rounded apex. Anterolateral part of opisthomere with a helicoid rod.

Female. First two leg pairs unmodified. Vulva rounded, operculum and bursa
equal in height (Fig. 15A). Operculum at apical margin oblique, undivided. Bursa
asymmetric, lateral valve higher than mesal one. Each valve with two rows of long
setae. Median field of bursa very short, narrow; emargination of median field suboval.

Remarks. This species was described from Borjom (= Borjomi), Georgia (Loh-
mander 1932a). The above samples represent the first formal records of this species
from Armenia. It seems to populate high-montane deciduous forests in the western
part of the Caucasus Minor (= Lesser Caucasus) (Fig. 16).

Amblyiulus hirtus sp. nov.
http://zoobank.org/38675EEE-B4FE-4B8B-BDF2-3E77DAADESBE
Figs 1B, 4, 5, 15B, 16

Material examined. Holotype 4 (ZMUM), AzersayjaN, NW above Bash-Layski ca.
20 km NNW of Sheki, 1250 m a.s.l., Fagus, Carpinus, Acer, etc. forest, litter, 3.V.1987,
leg. S. Golovatch, K. Eskov. Paratypes: 5 33,3 29 (ZMUM), same collection data
as holotype.

Non-type material. AzerBayan: 2 33, 6 Y9 (ZMUM), SW of Kuba, 750 m
as.l., Fagus, Quercus, Carpinus, etc. forest, litter and under bark, 23.1V.1987, leg.
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Flgure 2. Amb[yzu[u: georgicus Lohmander, 1932, 6\ from Shnokh, Armenia (ZMUM) A=C anterior
part of body, lateral, dorsal and ventral views, respectively D midbody part, lateral view E=G posterior

part of body, lateral, dorsal and ventral views, respectively H ozopores on midbody rings, lateral view
I gnathochilarium, ventral view } leg pair 1, caudal view K leg 2, caudal view L ventral edge of pleuroter-
gum 7, lateral view. Scale bars: 0.5 mm (A-G); 0.1 mm (H-L).

S. Golovatch, K. Eskov; Russia, Dagestan: 1 &, 2 99 (ZMUM), Kurush, 2550 m
a.s.l,, S slope, subalpine and alpine meadows, 20.VII1.1990, leg. G. Magomedov.
Diagnosis. Assigned to the genus Amblyiulus primarily because of the presence of
a rod on the posterior gonopod opisthomere. Differs from A. georgicus, perhaps the
most similar congener known to date, by the following combination of somatic and
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Figure 3. Amblyiulus georgicus Lohmander, 1932, &' from Shnokh, Armenia (ZMUM) (A-D) or holo-
type &, after Lohmander (1932) (E, F). A gonopod, mesal view B promere, caudal view € posterior

gonopod, caudal view D end of solenomere, mesal view E promere, caudal view F posterior gonopod,
lateral view. Abbreviations: ap anterior process cl caudomesal lamella fo fovea Id lateral denticle md mesal
denticle mr mesal ridge ms mesomeral process op opisthomere pr promere r rod sl solenomere. Scale bars:

0.1 mm (A=C); 0.01 mm (D); not to scale (E, F).

gonopodal characters. Head with frontal setae; collum and metazonae of body rings
each with a posterior whorl of setae. Promere narrow, with two side ridges. Solenomere
apically with small filament-like processes. Rod of opisthomere relatively long.
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Figure 4. Amblyiulus hirtus sp. nov., paratype & from Bash-Layski, Azerbaijan (ZMUM) A=C anterior
part of body, lateral, dorsal and ventral views, respectively D midbody part, lateral view E=G posterior
part of body, lateral, dorsal and ventral views, respectively H ozopores on midbody rings, lateral view
I gnathochilarium, ventral view J, K leg pair 1, lateral and caudal views, respectively L leg 2, caudal view
M ventral edge of pleurotergum 7, lateral view. Scale bars: 0.5 mm (A=G) or 0.1 mm (H-M).

Name. To emphasise the presence of metazonal setae; adjective.
Description. Holotype: length 27 mm, width 1.3 mm, number of body rings
51+2+T. Paratypes: length 25-30 mm, width 1.2-1.4 mm, number of body rings in
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adults, 45-67+1-3+T (43); or length 27-28 mm, width 1.1-1.3 mm, number of
body rings, 46-55+2-3+T (2%). Body subcylindrical (typical of Julidae), metazo-
nae and prozonae yellowish grey (Fig. 1B). Head, a few postcollum rings and telson
slightly lighter than other body rings. Collum slightly more vividly reddish. Antennae,
mouthparts, and legs yellow (Fig. 4A—C). Eyes absent. Metazonae with weak, dense,
and regular striations, 21-23 striae per quarter of metazonal surface, i.e., that between
dorsal axial line and ozopore (Fig. 4A—G). Ozopores relatively large, with a stria in
front, lying behind suture without touching it (Fig. 4H).

Antennae relatively long, in situ reaching ring 4. Head with 1+1 frontal, 8+8-9+9
labral and 2+2 supralabral setae (Fig. 4A—C). Gnathochilarium with three thick setae
on each lamella lingualis; stipites without setae in medial part, but with three long se-
tae at anterolateral margin (Fig. 4I). Collum and each following metazona with a whorl
of setae at posterior margin (Fig. 4A). Epiproct poorly developed, triangular, with
several setae (Fig. 4E, F). Hypoproct subtriangular, covered with long setae (Fig. 4G).
Telson and anal valves densely setose, setae being long.

Male. Mandibular stipites unmodified (Fig. 4A). Leg pair 1 small, unciform, with
a group of setae on coxa and at base of telopodite; telopodites curved anteriad, not
anteromesad as in other species of Julidae (Fig. 4], K). Leg pair 2 with a large pad on
tibia and a small one on postfemur (Fig. 4L). Penes short and bifurcate. Ventral edge
of male pleurotergum 7 with small subtriangular lamellae bordering the gonopodal
aperture (Fig. 4M).

Gonopods (Fig. 5) with anterior and posterior pair equal in height. Promere spoon-
shaped, relatively narrow, constricted in basal third; with two ridges: mesal ridge prom-
inent all along; lateral ridge short, located only in apical part of promere (Fig. 5B, H).
Mesomeral process simple, flattened, ribbon-shaped, with a small membranous lobe
on top (Fig. 5A, C, G, I). Opisthomere tripartite (Fig. 5A, C, E, F). Solenomere long,
slightly curved, with a caudomesal lamella notched apically; apical part with a fovea
and short filament-like processes (Fig. 5A, C, G, I). Solenomere sometimes with an
additional filiform process apically (see Remarks under Syrioiulus taliscius). Anterior
process notched apically (Fig. 5A, C, E). Rod of solenomere relatively long, consisting
of filament-like structures, lateral in position (Fig. 5A, D-G, I).

Female. First two leg pairs unmodified. Vulva rounded, operculum higher than
bursa (Fig. 15B) and bilobed apically. Bursa asymmetric, lateral valve higher than me-
sal one. Each valve with two rows of long setae. Median field of bursa very short, nar-
row; emargination of median field suboval.

Remarks. This species seems to be endemic to the eastern part of the Caucasus Ma-
jor within both northeastern Azerbaijan and the Republic of Dagestan, Russia (Fig. 16).

It is the presence of a laterally positioned rod that brings both A. georgicus and A. hir-
tus sp. nov. particularly close together. However, the rod in these two species is located lat-
erally, whereas that in A. barroisi anteromesally (Enghoff 1992: fig. 11; Golovatch 2018:
fig. 10C). These differences seem to be quite important, but because those three species
share not only the presence of a rod, but also a small, but discernible fovea on top of the
solenomere, for the time being it seems best to regard the trio as members of Amblyiulus.
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Figure 5. Amblyiulus hirtus sp. nov., paratype & from Bash-Layski, Azerbaijan (ZMUM) A, G gonopod,
mesal and lateral views, respectively B, H promere, subcaudal and caudal views, respectively C, I posterior
gonopod, lateral and mesal views, respectively D, E end of solenomere, mesal and submesal views, respec-
tively F end of opisthomere, mesocaudal view. Abbreviations: ap anterior process cl caudomesal lamella ff
filiform process fo fovea Ir lateral ridge mr mesal ridge ms mesomeral process op opisthomere pr promere
r rod sl solenomere. Scale bars: 0.1 mm (A=C); 0.01 mm (D=F); 0.2 mm (G-I).
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Genus Syrioiulus Verhoeff, 1914

Type species. Dolichoiulus polyzonus Attems, 1910, by subsequent designation of
Jeekel (1971).

Diagnosis. All characters as in Amblyiulus, except as follows. Promere usually with
two denticles in apical part. Head with or without frontal setae. Eyes present or absent.
Opisthomere of posterior gonopod bipartite: a solenomere (with a distinct fovea on
top) and an anterior process, vs. tripartite in Amblyiulus.

Species included. Syrioiulus adsharicus (Lohmander, 1936), Syrioiulus andreevi
Mauries, 1984, Syrioiulus aharonii (Verhoeff, 1914), Syrioiulus armeniacus sp. nov.,
Syrioiulus continentalis (Attems, 1903), Syrioiulus discolor (Lohmander, 1932),
Syrioiulus incarnatus (Lohmander, 1932), Syrioiulus lohmanderi Vagalinski, 2020,
Syrioiulus persicus (Golovatch, 1983), Syrioiulus polyzonus (Attems, 1910), Syrioiulus
taliscius (Attems, 1927), and several others provisionally listed by Vagalinski (2020).

Syrioiulus adsharicus (Lohmander, 1936)
Figs 1C, 6, 7, 15C, 16

Amblyiulus (Heteropachyiulus) adsharicus Lohmander, 1936: 156159, figs 131, 132 (D).

Amblyiulus adsharicus—Kobakhidze 1964: 191 (M); Loksina and Golovatch 1979:
385 (M); Talikadze 1984: 143 (M); Kokhia and Golovatch 2018: 40 (M).

Syrioiulus adsharicus—Vagalinski 2020: 89 (M); Kokhia and Golovatch 2020: 207 (M).

Material examined. GEorGA: 10 I, 16 9 @, 5 juv. (ZMUM), 15 km W of Adigeni, Abies,
Picea, Fagus, Acer, etc. forest, 15001700 m a.s.L., litter, logs, under stones, 14-15.V.1983,
leg. S. Golovatch; 4 33, 5 9 (ZMUM), near Adigeni, 9.V1.1977, leg. V. Dolin.
Diagnosis. Differs from all congeners by the following combination of somatic
and gonopodal characters. Head with frontal setae. Collum and each metazona of fol-
lowing body rings with a whorl of long setae at caudal margin. Ommatidia present, but
only a few ommatidia, all unpigmented and very small. Solenomere with small denti-
cles apically. Anterior process of opisthomere with small filament-like spines apically.
Redescription. Length of adults 17-30 mm (33) or 18-31 mm (), width
1.2-1.4 mm (33) or 1.3-1.7 mm (?%9). Number of body rings in adults, 50-63+1-
2+T (33) or 52-60+1-2+T (2 ?). Body subcylindrical (typical of Julidae), metazonae
brownish grey, prozonae violet grey (Figs 1C, 6A, C). Head, collum and body rings from
yellow to greyish yellow. Antennae, mouthparts and first leg pairs yellow, other pairs
brown (Fig. 6A, C-H). Eyes present, unpigmented, very small, composed of 3—7 omma-
tidia, unequal numbers on opposite sides of head (Fig. 6B). Metazonae with weak stria-
tions, 17-19 striae per quarter of metazonital surface, i.e., that between dorsal axial line
and ozopore (Fig. 6E). Ozopores small, lying behind suture and touching it (Fig. 61).
Antennae relatively long, in situ reaching segment 4. Head with 1+1 frontal,
11+11-13+13 labral and 2+2 supralabral setae (Fig. 6C, D). Gnathochilarium with
four long setae on each lamella lingualis, stipites with a medial group of 7-10 short
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Figure 6. Syrioiulus adsharicus (Lohmander, 1936), & from Adigeni, Georgia (ZMUM) A, C, D anterior
part of body, lateral, dorsal and ventral views, respectively B Eye, lateral view E midbody part, lateral view
F-H posterior part of body, lateral, dorsal and ventral views, respectively | ozopores on midbody rings,

lateral view ) gnathochilarium, ventral view K leg pair 1, caudal view L leg pair 2, caudal view M ventral
edge of pleurotergum 7, lateral view. Scale bars: 0.5 mm (A, C~I); 0.1 mm (B); 0.05 mm (J-M).

setae, three long and two short setae at anterolateral margin (Fig. 6]). Collum and each
metazona of following rings with a whotl of long setae at posterior margin (Fig. 6A, E,
F-H). Epiproct undeveloped (Fig. 6 G). Hypoproct subtriangular, with long setae
(Fig. 6H). Anal valves densely setose, setae being long.
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Figure 7. Syrioiulus adsharicus (Lohmander, 1936), & from Adigeni, Georgia (ZMUM) (A=D) or holo-
type &, after Lohmander (1936) (E, F) A, F gonopod, mesal view B, E promere, caudal view € pos-

terior gonopod, lateral view D end of solenomere, lateral view. Abbreviations: ap anterior process cl
caudomesal lamella fo fovea Id lateral denticle md mesal denticle mr mesal ridge ms mesomeral process
op opisthomere pr promere sl solenomere. Scale bars: 0.1 mm (A-C); 0.03 mm (D); not to scale (E, F).

Male. Mandibular stipites expanded, slightly swollen (Fig. 6A). Leg pair 1 small,
unciform, telopodites curved anteromesad (as in most other Julidae), with a group of
setae on each coxa and at base of telopodite (Fig. 6K). Leg pair 2 with pads on postfe-
mur and tibia (Fig. 6L). Penes short, bifurcate. Ventral edge of male pleurotergum 7
with relatively wide and apically rounded lamellae bordering the gonopodal aperture

(Fig. 6M).
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Gonopods (Fig. 7) with anterior and posterior pair equal in height. Promere
spoon-shaped, constricted in basal third; a mesal ridge along basal 2/3 extent; two
apical denticles well-developed, mesal one vertical and with a weakly bifurcate apex,
lateral one short, wide and rounded apically (Fig. 7B, E). Mesomeral process simple,
flattened, ribbon-shaped, bifurcate (Fig. 7C, F). Opisthomere bipartite (Fig. 7D, C).
Solenomere long, erect, with small denticles apically, bearing a fovea at apex; caudome-
sal lamella wide with a notched apical margin (Fig. 7A, C, F). Anterior process apically
with small filament-shaped spines (Fig. 7D).

Female. First two leg pairs unmodified. Vulva elongated, covered with long setae
(Fig. 15C). Operculum relatively low, deeply divided. Bursa asymmetric, lateral valve
higher than mesal one. Median field of bursa narrow; emargination of median field
narrow and elongated.

Remark. This species was originally described from Batumi, “Bortschacha” (Loh-
mander 1936). Our new record from near Adigeni is evidence of the species likely to
be endemic to the southern part of the Colchidan biogeographic province, all within

Georgia (Fig. 16).

Syrioiulus continentalis (Attems, 1903)
Figs 1D, 8A, B, 9, 10, 15D, 16

Pachyiulus (Dolichoiulus) continentalis Attems, 1903: 147, 148, figs 82-84 (D).

Amblyiulus continentalis—Lohmander 1932b: 40, 41, figs 33-35 (D); 1936: 156 (R);
Rakhmanov 1971: 1412 (R); 1972: 116 (R); Samedov et al. 1972: 1245; Loksina
and Golovatch 1979: 385 (M); Bababekova 1996: 90 (M).

Syrioiulus continentalis—Mauries 1982: 441 (M); 1984: 43 (M); Vagalinski 2020: 89 (M).

Material examined. AzerBayan: 3 33, 1 @ (ZMUM), Talysh Mts, Zuvand, Joni,
1500 m a.s.l., 28-29.V.1976, leg. V.G. Dolin; 1 & (ZMUM), Lenkoran, Hyrcan for-
est, Khan Bulan River near Alexeevka, 22.IV.1985, leg. E.B. Kupriyanova; 7 34,5
??, 2 juv. (ZMUM), Lenkoran, Hyrcan Nature Reserve, litter, 26.1.-4.11.1985, leg.
A. Druk; 2 33, 4 @9 (ZMUM), same locality, 21.1X.1987, leg. S. Zonstein; 2 I,
2 juv. IZB); 1 &, 1 2, 1 juv. (SMNG), Lonkoran rayon, Hyrcan Nature Reserve,
Dagstatiik 1.3 km Xanbulan Reservoir, Parrotia forest, diverse bushes, under leaves,
110 m a.s.l., 38.6747°N, 48.7622°E; 1 & (IZB); 1 & (SMNG), same locality, SW of
Asag1 Apu, Quercus forest, within leaves and rotten wood, 180 m a.s.l.,, 38.6726°N,
48.7362°E, all leg. F. Walther, H. Reip, D. Anti¢; 3 33,2 99, 1 juv. (IZB); 5 34, 3
Q% (SMNG), Lerik rayon, Hyrcan Nature Reserve, road Lonkoran—Lerik at km 32,
small side valley, forest of Parrotia with some Quercus, thick leaf layer, 400 m a.s.l.,
38.7638°N, 48.5819°E; 1 juv. (IZB), Astara rayon, Hyrcan Nature Reserve, SW of
Ziingiiles, beginning of a small valley, Parrotia and Alnus bushes, in leaves, 60 m a.s.l.,
38.4493°N, 48.7623°E; 2 33, 1 juv. (IZB); 2 33, 1 @ (SMNG), same locality, end

of small valley, steep slope, Parrotia, Quercus, Acer trees, under leaves and rotten tree
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Figure 8. Live colouration of two Syrioiulus species from Hyrcan Nature Reserve, Azerbaijan A, B S. con-
tinentalis (Attems, 1903) C, D S. raliscius (Attems, 1927). Pictures by D.Z. Anti¢, not taken to scale.

trunks, 130 m a.s.l., 38.4480°N, 48.7597°E, all leg. E Walther, H. Reip, D. Anti¢; 2
33 (ZMUM), Azfilial, 100 m a.s.l., 31.V.~1.V1.1996; 1 & (ZMUM), Apo below Bi-
lasar, 350 m a.s.l.,, 8-9.V1.1996; 2 33,1 2, 1 juv. (ZMUM), Astara Distr., Istisu ca.
8 km WSW of Astara, Quercus, Acer, Carpinus, etc. forest, 10-30 m a.s.l., litter, under
stones and bark, 10.X.1983; 2 9 @ (ZMUM), Istisu ca. 8 km SW of Masally, Quercus,
Acer, Carpinus etc. forest, 80-140 m a.s.l., under bark and stones, 19-20.X.1983; 2
?? (ZMUM), Istisu W of Astara, 100 m a.s.l., 2-6.V1.1996, all leg. S. Golovatch.

Diagnosis. Differs from all congeners by the following combination of somatic
and gonopodal characters. Head with frontal setae. Collum and each metazona of
following body rings with a whorl of long setae at caudal margin. Eyes present. Sole-
nomere with a group of small spines on top. Anterior process of opisthomere subtrian-
gular apically. This species is clearly distinguished in the field from all other millipedes
by its characteristic greyish yellow colouration with a yellow stripe dorsally, and its
particularly strong odour clearly resembling that of Pachyiulus krivolurskyi from the
western Caucasus (= Colchis).

Redescription. Length of adults 28-45 mm (3d) or 26-46 mm (9 9), width
2.0-2.3 mm (J3) or 2.2-2.7 mm (2 ?). Number of body rings in adults, 46-66+1-
2+T (43) or 49-66+1-2+T (2 Q). Body subcylindrical, metazonae from greyish yel-
low to yellow, prozonae light yellow (Figs 1D, 8A, B); live specimens dorsally with a
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Figure 9. Syrioiulus continentalis (Attems, 1903), &' from Istisu, Azerbaijan (ZMUM) A=C anterior
part of body, lateral, dorsal and ventral views, respectively D midbody part, lateral view E-G posterior
part of body, lateral, dorsal and ventral views, respectively H ozopores on midbody rings, lateral view
I gnathochilarium, ventral view } leg pair 1, caudal view K leg 2, caudal view L ventral edge of pleuroter-
gum 7, lateral view. Scale bars: 1.0 mm (A-G); 0.1 mm (H-L).

darker, vivid yellow stripe (Fig. 8B). Head, collum and telson slightly lighter than other
body rings (Fig. 8A, B). Antennae grey, mouthparts and legs light yellow (Fig. 9A-G).
Eyes present, black, oval, each composed of 19-23 ommatidia (Fig. 9A, C). Striations
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Figure 10. Syrioiulus continentalis (Attems, 1903), &' from Hyrcan Nature Reserve (A=C) (SMNG),
from Istisu (D) (ZMUM) or after Lohmander (1932b) (E, F) A gonopod, mesal view B, E promere,

caudal view C, F posterior gonopod, lateral view D end of solenomere, lateral view. Abbreviations: ap

anterior process cl caudomesal lamella fo fovea Id lateral denticle md mesal denticle mr mesal ridge ms
mesomeral process op opisthomere pr promere sl solenomere. Scale bars: 0.1 mm (A-C); 0.01 mm (D);
not to scale (E, F).

on metazonae deep, not reaching the caudal margin, 2832 striae per quarter of meta-
zonal surface, i.e., between dorsal axial line and ozopore (Fig. 9D). Ozopores large,
lying behind suture without touching it (Fig. 9H).
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Figure 1. Syrioiulus taliscius (Attems, 1927), & from Avrora, Azerbaijan (ZMUM) A-C anterior

part of body, lateral, dorsal and ventral views, respectively D midbody part, lateral view E=G posterior

part of body, lateral, dorsal and ventral views, respectively H ozopores on midbody rings, lateral view
I gnathochilarium, ventral view ] leg pair 1, caudal view K leg 2, caudal view L ventral edge of pleuroter-
gum 7, lateral view. Scale bars: 0.5 mm (A-G); 0.1 mm (H-L).

Antennae relatively long, in situ reaching segment 3. Head with 1+1 frontal,
8+8-9+9 labral and 2+2—4+4 supralabral setae (Fig. 9A—C). Gnathochilarium with
three long setae on each lamella lingualis, groups of several small setae in median part
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of stipites and six or seven long setae at anterolateral margin (Fig. 9I). Collum and
each following metazona with a whorl of long and thick setae at posterior margin
(Fig. 9A-F). Epiproct undeveloped (Fig. 9E, F). Hypoproct subtriangular, with long
setae (Fig. 9G). Telson and anal valves densely setose, setae being long.

Male. Mandibular stipites expanded, with swollen lobes (Fig. 9A). Leg pair 1
small, unciform, telopodites directed anteromesad, with a group of long setae on each
coxa; telopodite setose in basal part (Fig. 9]). Leg pair 2 with pads on postfemur and
tibia (Fig. 9K). Penes short, bifurcate. Ventral edge of male pleurotergum 7 with nar-
row elongated lamellae bordering the gonopodal aperture (Fig. 9L).

Gonopods (Fig. 10) with anterior (promere) part higher than posterior
(opisthomere) one. Promere spoon-shaped, constricted in basal third; mesal ridge
wide along 2/3 extent; with denticles in apical part: mesal denticle small and broadly
rounded, lateral one well-expressed and long (Fig. 10B, E). Mesomeral process simple,
slightly curved, flattened apically (Fig. 10A, C, F). Opisthomere bipartite (Fig. 10D).
Solenomere elongated, with an apical membranous lobe, subtriangular at apex, with a
fovea and a group of small spines on top; caudomesal lamella wide (Fig. 10A, C, D, F).
Anterior process of opisthomere subtriangular apically (Fig. 10D).

Female. First two leg pairs unmodified. Operculum of vulva without setae on cau-
dal surface, apical margin relatively flat (Fig. 15D). Bursa subsymmetrical, lateral valve
slightly larger than mesal one. Each valve with two rows of long setae. Median field of
bursa narrow; emargination of median field suboval.

Remarks. Probably one of the most common and apparently the largest species of
the genus. The unusually strong odour and the chemical composition of the repugnato-
rial secretion are similar to those of Pachyiulus krivolutskyi (Makarov et al., pers. obs.).
This species inhabits various deciduous forests in Azerbaijan, also occurring in northern
Iran (Lohmander 1932b), endemic to the Hyrcanian biogeographic province (Fig. 16).

Syrioiulus taliscius (Attems, 1927)
Figs 1E, 8C, D, 11, 12, 15E, 16

Amblyiulus taliscius Attems, 1927: 243, 244, figs 336-338 (D).

Amblyiulus taliscius—Lohmander 1932b: 182 (M); 1936: 170 (M); Rakhmanov 1972:
116 (R); Loksina and Golovatch 1979: 385 (M); Bababekova 1996: 90 (M).

Syrioiulus taliscius—Mauriés 1982: 441 (M); 1984: 43 (M); Vagalinski 2020: 92 (M).

Material examined. AzerBaan: 4 37, 14 9@, 1 juv. (ZMUM), Talysh, Joni, 1500 m
a.s.l., 28-29.V.1976, leg. V.G. Dolin; 2 43 (ZMUM), Lenkoran, Hyrcan Nature
Reserve, Telman, 28.1V.1984; 1 &, 1 Q@ (ZMUM), same locality, Gaftoni, 9.V.1984,
all leg. H. Aliev; 1 @ (ZMUM), Hyrcan forest, Khan Bulan River near Alexeevka,
22.IV.1985, leg. E.B. Kupriyanova; 3 443, 12 99 (ZMUM), same locality, Avrora,
Moscow-Forest, 50 m a.s.l., 1.VI.1996; 3 33, 3 99, 1 juv. (ZMUM), same locality,
Apo below Bilasar, 350 m a.s.l, 8-9.V1.1996, all leg. S. Golovatch; 1 4 (SMNG),
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Figure 12. Syrioiulus taliscius (Attems, 1927), & from Hyrcan Nature Reserve (A=C) (SMNG), from
Avrora (D, G, H) (ZMUM) or from Apo, Azerbaijan (E, F) (ZMUM) A, G gonopod, mesal and lateral
views, respectively B, H promere, caudal view C, I posterior gonopod, caudolateral and mesal views, re-
spectively D=F end of solenomere, mesal views. Abbreviations: ap anterior process ¢l caudomesal lamella
fo fovea Id lateral denticle md mesal denticle mr mesal ridge ms mesomeral process op opisthomere pr
promere sl solenomere. Scale bars: 0.1 mm (A=C); 0.02 mm (D-F); 0.2 mm (G-I).
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Lonkoran rayon, Siyabli, Parrotia, Zelkova, Quercus coppice, steep slope, 110 m
a.s.l., 38.7170°N, 48.7253°E; 1 & (IZB), Lerik rayon, Hyrcan Nature Reserve, road
Lonkoran—Lerik at km 32, small side valley, forest of Parrotia with some Quercus, thick
leaf litter, 400 m a.s.l., 38.7638°N, 48.5819°E; 7 99 (I1ZB), 7 9 (SMNG), Astara
rayon, Hyrcan Nature Reserve, SW of Ziinqiilss, end of small valley, steep slope, Par-
rotia, Quercus, Acer trees, under leaves and rotten tree trunks, 130 m a.s.l., 38.4480°N,
48.7597°E; 2 33,1 @, 1juv. IZB); 2 34, 2 29, 1 juv. (SMNG), Lonkaran rayon,
Hyrcan Nature Reserve, Dagtatiik 1.3 km Xanbulan Reservoir, Parrotia forest, divers
bushes, under leaves, 110 m a.s.l., 38.6747°N, 48.7622°F; 3 43,2 99, 1 juv. (IZB);
5 43 (1 SEM), 3 292 (1 SEM), 1 juv. (SMNG) Lonkaran rayon, Hyrcan Nature
Reserve, SW of Asagit Apu, Quercus forest, within leaves and rotten wood, 180 m
a.s.l., 38.6726°N, 48.7362°E, all leg. F. Walther, H. Reip, D. Anti¢; 1 & without go-
nopods (ZMUM), Shemakha Distr., farm Guseinzade, foothills, Vitis, summer 1982,
leg. A. Ismailov; 1 @ (ZMUM), Zakataly Distr., Geyam, cornfield, 17.IV.1986, leg.?;
7 33,5 Q9 (ZMUM), Baku, City parks, 18-21.V.1981; 1 &' (ZMUM), Belokani
near Zakatali, 600 m a.s.l., village garden, 24.V.1981; 1 @ (ZMUM), above Akhsu
120 km W Baku, 900 m a.s.l., Quercus shrub, 22.V.1981, all leg. S. Golovatch and J.
Martens; 1 @ (ZMUM), ca. 14 km W of Ismailly, Galyhjakh, under bark, 1.V.1987; 1
¢ (ZMUM), Altyagach, 1050-1100 m a.s.l., Quercus, Fagus, Carpinus, etc. forest, lit-
ter, 20 and 26.1V.1987, all leg. S.Golovatch and K. Eskov; 3 3,5 @9, 1 juv. (IZB);
343,522 (SMNQG), Ismayllh rayon, Topcu 7.8 km towards Vondam, flat area with
old Fagus forest, under leaves and dead wood, 630 m a.s.l., 40.9193°N, 48.0027°E;
1 & (SMNG), Ismayilli rayon, Xanagah 2 rkm towards Ismayilli, flat area with old
Fagus forest, with channels, under leaves, 650 m a.s.l., 40.8233°N, 48.1518°E; 1 @
(SMNG), Ismayllh rayon, S of Zargoran, slope with Corylus, Clematis and some Pru-
nus trees, stone heaps overgrown by moss, mainly in thick leaf litter and under stones,
880 m a.s.l., 40.7310°N, 48.3680°E, all leg. E Walther, H. Reip, D. Anti¢.

Diagnosis. Differs from all congeners by the following combination of somatic
and gonopodal characters. Head without frontal setae. Collum and metazonae of fol-
lowing body rings without setae. Eyes absent. Solenomere in apical part with a group
of small spines. Anterior process of opisthomere subtriangular apically.

Redescription. Length of adults 26-33 mm (4d) or 26-34 mm (9 9Q), width
1.2-1.3 mm (&) or 1.2-1.4 mm (?%). Number of body rings in adults, 50-65+1—
2+T (33) or 49-70+1-2+T (9 9). Body subcylindrical (typical of Julidae), live speci-
mens with brownish grey pro- and metazonae (Fig. 8C, D), after storage in alcohol
prozonae grey, metazonae yellow (Fig. 1E). Head, collum, a few postcollum rings, last
body rings, telson and anal valves yellow (Figs 1E, 8C, D). Antennae, mouthparts, and
legs light yellow (Fig. 11A—G). Eyes absent. Striations of metazonae deep, not reaching
the caudal margin, 23-25 striae per quarter of metazonital surface, i.e., that between
dorsal axial line and ozopore (Fig. 11D). Ozopores small, lying behind suture without
touching it (Fig. 11H).

Antennae relatively long, in situ reaching segment 3. Head without frontal setae,
9+9-12+12 labral and 2+2 supralabral setae (Fig. 11A—C). Collum and metazonae
without setae (Fig. 11A-G). Gnathochilarium with 3—4 long setae on each lamella
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lingualis, stipites with a medial curved row of 4-5 thick setaec and three long setae
at anterolateral margin (Fig. 11I). Epiproct undeveloped (Fig. 11E, F). Hypoproct
rounded, with several setae (Fig. 11G). Telson covered with long setae, anal valves
densely setose.

Male. Mandibular stipites unmodified (Fig. 11A). Leg pair 1 small, unciform,
telopodites directed anteromesad (as in most Julidae), with long setae on each coxa
and in basal part of telopodite (Fig. 11]). Leg pair 2 with pads on postfemur and tibia
(Fig. 11K). Penes short, bifurcate. Ventral edge of male pleurotergum 7 with wide
curved lamellae bordering the gonopodal aperture (Fig. 11L).

Gonopods (Fig. 12) with anterior and posterior parts both equal in height. Promere
spoon-shaped, constricted in basal third; mesal ridge relatively narrow along 2/3 ex-
tent; with denticles in apical part: mesal denticle small and broadly rounded, lateral
one well-expressed and long (Fig. 12B, H). Mesomeral process simple, slightly curved,
with a wide subquadrate lamella apically (Fig. 12A, C, G, I). Opisthomere bipartite.
Solenomere elongated, with a caudomesal, notched, membranous lobe, in apical part
with a fovea and a group of small spines (Fig. 12A, C-F). Fovea may be equipped with
a filiform process (Fig. 12E). Anterior process subtriangular apically.

Female. First two leg pairs unmodified. Operculum of vulva without setae on cau-
dal surface, apical margin poorly divided (Fig. 15E). Bursa mostly symmetric, lateral
valve slightly larger than mesal one. Each valve with two rows of long setae. Median
field of bursa narrow; emargination of median field suboval.

Remarks. This species was described from the Talysh Mts, Lenkoran, Azerbaijan
(Attems 1927). In the Caucasus, this is probably one of the most common and wide-
spread congeners. Like S. continentalis, it inhabits various deciduous forests, but it can
only be considered as subendemic to the Hyrcanian biogeographic province (Fig. 16).

Syrioiulus armeniacus sp. nov.
http://zoobank.org/64FB28BD-A6C0-43AD-A61E-647AA4964982
Figs 1F, 13, 14, 15E 16

Material examined. Holotype &' (ZMUM), ARMENIA, Kafan Distr., Shikahoh Nature
Reserve, Shikahoh, 900-950 m a.s.l., Quercus, Fagus, Carpinus forest by spring, lit-
ter, logs and under stones, 28.1V.1983, leg. S. Golovatch. Paratypes: 14 33, 24 99
(ZMUM), same collection data as holotype.

Non-type material. ArMENIA: 4 JF, 3 99 (ZMUM), Shikahoh Nature Re-
serve, Nerkin And, old Platanus stand along river, litter, in rotten wood, under stones,
30.IV.1983; 1 &, 1 @ (ZMUM), near Kajaran, Megri Mt. Ridge, N of Tashtun Pass,
2000 m a.s.l., Quercus forest on steep slope, litter, logs, 27.1V.1983; 5 33,3 92,2
juv. (ZMUM), Megri Distr., SSE of Lichk, Megri River valley, Quercus forest, litter,
under stones and in rotten wood, 25.1V.1983; 2 3, 16 9, 2 juv. (ZMUM), above
Kuris, 1500 m a.s.l., Quercus and Carpinus forest, litter, under bark and stones along

spring, 26.IV.1983; 12 448,11 29, 1 juv. (ZMUM), ca. 4 km NNW of Megri,
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Figure |3. Syrioiulus armeniacus sp. nov., paratype & from Shikahoh, Armenia (ZMUM) A=C anterior

part of body, lateral, dorsal and ventral views, respectively D midbody part, lateral view E=G posterior
part of body, lateral, dorsal and ventral views, respectively H ozopores on midbody rings, lateral view
I gnathochilarium, ventral view } leg pair 1, caudal view K leg 2, caudal view L ventral edge of pleuroter-
gum 7, lateral view. Scale bars: 0.5 mm (A-G); 0.1 mm (H-L).

Legvaz, Juglans and Quercus shrub with Paliurus and Rosa, litter and under stones,
1000 m a.s.l., 24-25.1V.1983; 5 33, 2 Y9 (ZMUM), 6 km N of Shvanidzor, sparse
Quercus forest, 1200—1300 m a.s.l., litter, under stones and bark, 24.1V.1983; 5 3J,
6 2%, 2 juv. (ZMUM), environs of Megri, xeriphytous bare canyon, under stones,
sparse funiperus and Paliurus, ca. 1000 m a.s.l., 24.IV.1983, all leg. S. Golovatch; 2
?? (ZMUM), Odzun W of Alaverdi, 1500-1550 m a.s.l., Quercus, Fagus, Carpinus
etc. forest, litter and under stones with ants, 23-24.V.1987, leg. S. Golovatch and K.
Eskov; 1 @ (ZMUM), Nurkus, 7.VIL.1985, leg. V.A. Zakharyan.
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Figure 14. Syrioiulus armeniacus sp. nov., paratype & from Shikahoh, Armenia (ZMUM) A, E gonopod,

mesocaudal and mesal views, respectively B, E promere, caudal views €, G posterior gonopod, mesal
views D end of solenomere, mesal view. Abbreviations: ap anterior process ¢l caudomesal lamella fo fovea
Id lateral denticle md mesal denticle mr mesal ridge ms mesomeral process op opisthomere pr promere sl
solenomere. Scale bars: 0.1 mm (A=C); 0.01 mm (D); 0.2 mm (E-G).

Diagnosis. This new species belongs to the genus Syrioiulus because of the pres-
ence of only two apices on the opisthomere. Differs from all regional congeners by the
following combination of somatic and gonopodal characters. Head with frontal setae.
Collum and metazonae of following body rings without setae. Eyes absent. Solenomere
with a pointed process apically. Anterior process rounded on top.

Name. The new species is named after its terra typica; adjective.

Description. Holotype: length 25 mm, width 1.2 mm, number of body rings
50+2+T. Paratypes and non-type material: length 17-33 mm, width 1.2-1.6 mm,
number of body rings, 50-68+1-2+T (A3); or length 20-29 mm, width 1.2-1.6 mm,
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Figure 15. Vulvae of Amblyiulus and Syrioiulus species from the Caucasus, caudal views A A. georgicus Loh-
mander, 1932 from Shnokh, Armenia (ZMUM) B A. hirtus sp. nov., paratype from Bash-Layski, Azerbaijan
(ZMUM) C S. adsharicus (Lohmander, 1936) from Adigeni, Georgia (ZMUM) D S. continentalis (Attems,
1903) from Istisu, Azerbaijan (ZMUM) E S. liscius (Attems, 1927) from Avrora, Azerbaijan (ZMUM)
F S. armeniacus sp. nov., paratype from Shikahoh, Armenia (ZMUM). Abbreviations: em emargination of

median field Iv lateral valve mf median field mv median valve op operculum. Scale bars: 0.03 mm.

number of body rings, 46-55+2-3+T (2 Q). Body subcylindrical, metazonae brown-
ish yellow, prozonae brownish grey (Figs 1E 13A—G). Head, collum and telson slightly
lighter than body rings (Fig. 1F). Antennae, mouthparts, and legs yellow (Fig. 13A,
C-E, G). Eyes absent. Metazonae with weakly developed, dense, and regular striations,
20-23 striae per quarter of metazonital surface, i.e., that between dorsal axial line and
ozopore (Fig. 13D). Ozopores relatively large, situated between striae in touch with
one of them, lying behind suture without touching it (Fig. 13H).

Antennae relatively long, in situ reaching segment 3. Head with 1+1 frontal, 9+9—
10+10 labral and 2+2 supralabral setae (Fig. 13A—C). Gnathochilarium with three
thick setae on each lamella lingualis; stipites with a group of 6-9 setae in medial part
and three long setae in anterolateral part (Fig. 13I). Collum and metazonae with-
out setae (Fig. 13A, B). Epiproct poorly developed, triangular, with several long setae
(Fig. 13E, F). Hypoproct subtriangular, covered with long setae (Fig. 13G). Telson and
anal valves densely setose.

Male. Mandibular stipites modified, slightly swollen in distal part (Fig. 13A). Leg
pair 1 small, unciform, telopodites directed anteromesad (typical of Julidae), with
a group of setae on coxa and telopodite (Fig. 13]). Leg pair 2 with small pads on
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postfemur and tibia (Fig. 13K). Penes short, bifurcate. Ventral edge of male pleuroter-
gum 7 with wide curved lamellae bordering the gonopodal aperture (Fig. 13L).

Gonopods (Fig. 14) with anterior and posterior parts both equal in height. Promere
spoon-shaped, bowl being relatively wide, constricted in basal third; mesal ridge well-
developed all along, with a small mesal denticle in apical part; lateral denticle large,
rounded on top (Fig. 14B, F). Mesomeral process simple, flattened, ribbon-shaped,
widened apically, with a group of small teeth (Fig. 14A, C, E, G). Opisthomere bi-
partite. Solenomere long, slightly curved; its apical part with a fovea and a pointed
process (Fig. 14A, C, D, G). Anterior process as high as solenomere, rounded at tip
(Fig. 14D).

Female. First two leg pairs unmodified. Vulva rounded, operculum higher than
bursa (Fig. 15F). Operculum slightly divided at apical margin. Bursa asymmetric, lat-
eral valve higher than mesal one. Each valve with two rows of long setae. Median field
of bursa narrow; emargination of median field elongated and suboval.

Remark. This species seems to be endemic to the Caucasus Minor within Ar-
menia, but most likely it also occurs in the adjacent parts of eastern Azerbaijan and
northwestern Iran (Fig. 16).

Pachyiulini gen. sp. 1
Fig. 16

Material examined. 1 @ (ZMUM) Russia, Stavropol Area, Kochubeevsky Distr.,
Nevinnomyssk, mouth of Bolshoy Zelenchuk River, floodplain forest, 17.1V.2016, leg.
R.B. Zuev, A.V. Aulova.

Brief description. Body grey, head and collum dark yellow, antennae and legs
yellow. The following somatic characteristics seem to be the most important: absence
of eyes, presence of frontal setae, presence of caudal whorls of setae on metazonae,
absence of an epiproct, and setose anal valves.

Remark. Unfortunately, the only female does not allow a closer generic allocation.

Pachyiulini gen. sp. 2
Fig. 16

Material examined. GEORGIA: 1 @ (ZMUM), Ajaria, Kintrish Nature Reserve, Zer-
aboseli, 450—-600 m a.s.l., 1-3.V1.1981, leg. S. Golovatch, J. Martens; 1 @ (ZMUM),
same locality, 800 m a.s.l., Rhododendron thicket, litter, 13.X.1981, leg. S. Golovatch;
1 @ (ZMUM), same locality, valley of Khekpara River, 12.X.1984, leg. E. Kvavadze.

Brief description. Body greyish yellow. Head, collum, a few postcollum rings and
telson slightly lighter than other body rings. Ommatidia and frontal setae absent. Col-
lum and each metazona of following rings with a whorl of long setae at posterior mar-
gin. Epiproct undeveloped. Anal valves densely setose.
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Russia

Georgia

- Armenia Azerbaijan

Turkey

Figure 16. Distributions of Amblyiulus and Syrioiulus species in the Caucasus: red circle A. georgicus
Lohmander, 1932; green circle A. hirtus sp. nov.; white circle S. adsharicus (Lohmander, 1936); blue circle
S. continentalis (Attems, 1903); pink circle S. zaliscius (Attems, 1927); brown circle S. armeniacus sp. nov.;
yellow square Pachyiulini gen. sp. 1; purple square Pachyiulini gen. sp. 2.

Remarks. These specimens differ from Syrioiulus adsharicus in the absence of fron-
tal setae and ommatidia. The absence of males makes it impossible to definitively iden-
tify the above samples. At least the taxonomic significance of frontal setae must not be
overestimated, as they may be present or absent even within the same species, e.g., S.
abaronii (see Golovatch 2018).

Since the two unidentified species may well prove to represent Amblyiulus or Syri-
oiulus, we map their records in Figure 16, but omit them from the key below.

Key to Amblyiulus and Syrioiulus species known to occur in the Caucasus
(based on males)

1 Opisthomere of gonopod with a rod (Fig. 3D, E G, ) ...(genus Amblyiulus) 2
- Opisthomere of gonopod without rod ..........cccccevennnnee. (genus Syrioiulus) 3
2 Head without frontal setae, collum and metazonae of body rings without
setae (Fig. 2A—C). Promere relatively wide, with two apical denticles (Fig. 3B,
E) o A. georgicus

- Head with 1+1 frontal setae, collum and metazonae of body rings with whorls
of setae at caudal margin (Fig. 4A—C). Promere narrow, without apical denti-
cles (Fig. 5B, H)..oovvvvviiiiiiiiiiiiiiiiiccicciccccca, A. hirtus sp. nov.

3 EYES PIESEIIT ...ttt 4

- EYES aDSENT w.vuiiiiiiciic s 5
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4 Larger: width > 2.0 mm. Eyes well-developed, black, oval, each composed of
19-23 ommatidia (Fig. 9A) ..o S. continentalis
- Smaller: width < 1.3 mm. Eyes present, but very small and unpigmented,
each composed of 3—7 ommatidia (Fig. 6B)........ccccceevvuruennnnne. S. adsharicus
5 Head without frontal setae (Fig. 11A—C) ....c.ceiiviiiiiiiiiinnen. S. taliscius
— Head with 1+1 frontal setae (Fig. 13A-C) ................ S. armeniacus sp. nov.
Discussion

Two allopatric species of Amblyiulus, both likely endemic, are found to populate
the Caucasus. Amblyiulus georgicus inhabits western and central Transcaucasia, while
A. hirtus sp. nov. seems to be confined to northeastern Transcaucasia and the eastern
Caucasus, i.e., occurring on both macro slopes of the Caucasus Major (Fig. 16).

The genus Syrioiulus is more diverse and widespread, but presently it seems to
be restricted to Transcaucasia. Thus, S. adsharicus has a rather narrow distribution in
the southwestern parts of the Colchidan biogeographic province. Two most wide-
spread species, S. continentalis and S. taliscius, are often sympatric to even syntopic
within the Hyrcanian biogeographic province, but the latter species also occurs in
the Caucasus Minor and the eastern part of the Caucasus Major. Syrioiulus armenia-
cus sp. nov. inhabits the Caucasus Minor within southern and central Transcaucasia
(Fig. 16).

As regards the vertical distributions, most species of Amblyiulus and Syrioiulus in the
Caucasus are confined to montane forests, as are probably all Syrioiulus species known
from Hyrcania, including the Iranian S. astrabadensis (Lohmander, 1932b), S. discolor
(Lohmander, 1932b), S. incarnatus (Lohmander, 1932b), S. lohmanderi Vagalinski,
2020, S. persicus (Golovatch, 1983) and S. zarudnyi (Lohmander, 1932b) (Enghoff
and Moravvej 2005; Vagalinski 2020). Within the Republic of Azerbaijan, however,
S. taliscius inhabits not only lowland to foothill woodlands (50-1100 m a.s.l.), but also
drier steppe- or bush-clad slopes, being inclined to synanthropisation as well (parks
in Baku City). The same generally applies to both S. continentalis and S. armeniacus
sp. nov., as they also populate xerophytic environments. Amblyiulus hirtus sp. nov. has
been encountered in mid-montane deciduous forests, as well as subalpine and alpine
meadows up to 2550 m a.s.l.

Only two species of Syrioiulus, S. continentalis and S. taliscius, are endemic or sub-
endemic, respectively, to the Hyrcanian biogeographic province within the Republic
of Azerbaijan and Iran, while the remaining Amblyiulus and Syrioiulus spp., howev-
er provisionally, are formally strictly endemic to the Caucasus sensu lato, including
Hyrcania (Fig. 16). Generally, the problem concerning the origins of the Amblyinlus
and Syrioiulus species could be approached through analysing the distribution areas of
both these genera. However, because their species compositions are far from settled,
including new congeners and records certainly ahead, their exact ranges cannot be
outlined at the moment. Based on the highest species diversity estimates, one of the
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main centres of Amblyiulus and Syrioiulus speciation could have lain in the Middle
East, whence members of both genera might have reached the Caucasus sensu lato.
The roles that both Colchis and, especially, Hyrcania, two major, relictual, meso- to
hygrophilous biogeographic provinces of, and refugia in, the region concerned, could
have played in the evolution and secondary speciation seem paramount. It is hardly
random that most pachyiuline species in the Caucasus are encountered in the Caucasus
Minor, the immediate northern peninsular continuation of Asia Minor.

Both unidentified species seem to be endemic to the Caucasus, with Pachyiulini
gen. sp. 1 being confined to Ciscaucasia, and Pachyiulini gen. sp. 2 to deciduous forests
in southern Colchis, occurring sympatrically with Syrioiulus adsharicus (Fig. 16).

The above picture is definitely very far from final, but it agrees well with the bio-
geography of the Caucasus (e.g., Abdurakhmanov 2017). Given that the Pachyiulini
in the faunas of Turkey (Enghoff 2006) and Iran (Vagalinski 2020) are likewise quite
poorly known, each amounting to only a handful of species, there can hardly be any
doubt that future progress in the study of pachyiulines in the Caucasus region and
adjacent countries will reveal numerous novelties. In addition, given the presence in
Crimea of a troglobitic species, Syrioiulus kovali (Golovatch, 2008), finding cave species
of Pachyiulini in the Caucasus could also be expected (Golovatch 2008; Golovatch et
al. 2017; Turbanov et al. 2018). The present taxonomy and distributions as outlined
above must be clarified and refined through future research, both morphology- and
molecular-based.
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Abstract

The caucasica species group in the subgenus Lunatipula is redefined and now consists of five species native
to the Caucasus. Tipula (L.) eleniya sp. nov. is described as new to science, and variations in the male ter-
minalia in two populations are noted. Two subspecies (quadridentata quadridentata and quadridentata pau-
pera) are elevated to species rank. Detailed photo’s complement the descriptions of all five species (caucasica,
eleniya, paupera, quadridentata, talyshensis), and data on ecology and distribution patterns are included as
well as identification keys to males and females. 7ipula caucasica is recorded from the West Caucasus and
Tipula quadridentata is recorded from Dagestan (Russia) for the first time. Parallel evolution is traced in
the male terminalia of the new species and in several non caucasica species group of Palaearctic Lunatipula.

Keywords
Crane flies, male and female terminalia, new species, Russia, Tipula eleniya

Introduction

There are 502 species in the subgenus Lunatipula Edwards in the world fauna (Oost-
erbroek 2021). This is the dominant taxon of crane flies in the Caucasus (Savchenko
1964, 1983), comprising at least 53 known species, which is ca. 32% of the total spe-

Copyright V.I. Lantsov,V.E. Pilipenko. 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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cies of the family in this region (164). Riedel (1920) pioneered the work on crane flies
of the Caucasus and neighboring regions, especially on the subgenus Lunatipula. He
provided information on seven species of Lunatipula, three of which were described
as new to science: 7ipula (Lunatipula) caucasica Riedel, Tipula (Lunatipula) armata
Riedel (synonym of zaitzevi Savchenko, 1952), and Tipula (Lunatipula) aurita Riedel.
Savchenko (1954, 1957, 1964, 1968) made subsequent invaluable contributions to the
knowledge of the regional fauna of the subgenus by describing 57 species, of which 32
were from the Caucasus and only two of these were subsequently synonymized (Oost-
erbroek 2021). The species group caucasica was first proposed by Savchenko (1964)
to comprise four species endemic to the Caucasus. A number of subsequent studies
have been published since on the diversity and ecology of some species of the subgenus
Lunatipula from the Caucasus (Lantsov 1998, 2002, 2007, 2018). In this study we
present new data on the taxonomic status, morphology, and distribution of the cau-
casica species group, provide a key to all currently known species, and describe 7ipula
eleniya Lantsov & Pilipenko as new to science. It was found in the Western Caucasus
(Krasnodarskiy kray) at altitudes of 1200-2000 m. The new species is characterized
by a projection on the inner gonostylus of the male, the structure of this shape is not
known in any of the 502 known species, including the 360 Palacarctic species.

Materials and methods

All crane flies were collected by sweep-net and then pinned. The genitalia were macer-
ated in warm 10% KOH for ca. one hour to remove soft tissue, and then rinsed in
distilled water. Cleared genitalia are preserved in glycerol in micro vials pinned with
their respective specimens. Specimens were studied with an Olympus SZ61 stereo mi-
croscope. A Nikon d7000 digital camera equipped with combined Tamron 70-300 /
4-5.6 and EL-Nikkor 50/2.8 lenses or Mitutoyo M Plan Apo 10X Microscope objective
lens was used to capture partially focused images of each specimen or structure. These
were stacked using the Helicon Focus (version 7.6.4) software (http://www.heliconsoft.
com/heliconsoft-products/helicon-focus). Photographs of lateral and dorsal view and
details of the structure of head, pronotum and scutum were made with a Canon 5D
Mark IV digital camera equipped with a Canon MP-E 65mm /2.8 1-5 x macro lens
and Canon Macro Twin-Lite MT-26EX-RT flash. Adobe Photoshop CC 2019 software
was used to edit the pictures. Measurement were made with an MBS—10 microscope
with a scale installed in the focal plane of the 8x eyepiece (divisions of scale: 0.1 mm at
8 x 1 magnification, 0.05 mm at 8 x 2 magnification, 0.025 at 8 x 4 magnification).
For citing label data on type specimens, a slash / separates each label. Square brack-
ets [ ] are used to indicate additional information not on the original label. Original
spelling is retained, including punctuation. In some cases, holotypes were marked by
a red label without text and some paratypes were not initially marked. In such cases,
specimens with locality labels corresponding to those in the publications of Savchenko
(1964) or Savchenko and Kandybina (1987), were provided with a red label with
the word “Holotype” or a white label with the word “Paratype,” and pinned with the
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specimen. These type specimens are deposited in the Zoological Institute of Russian
Academy of Science, St. Petersburg, Russia. The holotype and paratypes of the Tipula
(Lunatipula) caucasica were unavailable for this study.

We generally follow the terminology of Cumming and Wood (2017) except that
for head morphology we follow Crampton (1943) and Savchenko (1983), and regard-
ing wing venation, we follow Savchenko (1983). Veins are indicated by capitals; cells
are indicated by lowercase letters.

All measurements of the new species were made on pinned material.

Species distributions are given according to Oosterbroek (2021).

The original descriptions and measurements by Riedel (1920) and Savchenko
(1964) were taken into account in the redescriptions of the species.

Abbreviations for institutional and private collections used herein: IEMT Tem-
botov Institute of Ecology of Mountain Territories of Russian Academy of Sciences,
Nalchik, Russia; VPMC private collection of Valentin E. Pilipenko, Moscow, Russia;
ZISP Zoological Institute Russian Academy of Sciences, St. Petersburg, Russia. All
specimens from the caucasica species group deposited in ZISP and collected before
1964 have been identified by E.N.Savchenko unless specifically noted.

Taxonomy

Family Tipulidae Latreille, 1802
Genus Tipula Linnaeus, 1758

Subgenus Lunatipula Edwards, 1931

The caucasica species group. Diagnosis (after Savchenko 1964 with additions). Me-
dium sized grey species. Rostrum with nasus, wings with more or less distinct bluish
tint in transmitted light; metakatepisternum with setae; abdomen slate or brownish
grey with lateral intermittent dark brown stripe on tergites. Males with tergite 9 trans-
verse with two or three concave notches at apex; inner gonostylus posteriorly simple;
sternite 8 with paired appendages composed of short wide base with bristles and an
elongate glabrous spine bent medially; no dense brush of setae between bases of paired
appendages (except for 7. quadridentata). Caucasian endemics. Savchenko included
the following species in the caucasica group: caucasica, quadridentata quadridentata,
quadridentata paupera, talyshensis.

Tipula (Lunatipula) caucasica Riedel, 1920
Figs 1, 2, 12A-C, 13A, 14AF

Tipula (Lunatipula) caucasica Riedel 1920: 17 (type locality: Georgia, Mts'chet, prope
Tiflis); Savchenko 1964: 390; Oosterbroek, Theowald 1992:104; Lantsov 2020:
294; Qosterbroek 2021.
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Material examined. GEORGIA * 1 male, 3 females; “yur. Banu-Xesu 6a. Bopromn,
Apnxapo-Hnmeperunck. xp. [Gorge Bani-Khevi near Borjomi, Adjaro-Imeretinsk.
Ridge]; 26 Jun. 1958; Kurnakov leg.; ZISP ¢ 1 male; “Lixpa-Lixapo 6aus Bakypuarn”
[Tskhra-Tskharo near Bakuriani]; 29 Jun. 1958; Kurnakov leg.; ZISP 1 male;
“Aebepae, Menrpeanst, I'pysus” [Leberde, Mengrelia, Georgial; 17 Jul. 1959; Savenko
leg.; ZISP ¢ 1 male; “Aasapo-Mmepernnck. xp. I'opsr y Caupwme, I'pysus” [Adjaro-
Imeretinsk. Ridge, mountains near Sairme, Georgial; 23 May 1958; Kurnakov; ZISP
* 2 males, 1 female; "y, [panuar-Xesn Aakapo-Fmeperunck. xp. I'pysus” [Tsva-
niat-Khevi Gorge, Adjaro-Imeretinsk. Ridge, Georgial; 23 Jun. 1958; Kurnakov leg; /
“BoicokoTpasbe y BepxH. rpanuisl Acca y pyuns’ [High grass at the edge of the border
of the forest by the stream]; ZISP ® 2 males; “c. Orxapa, I'yaayrck. p-u, Ab6xasus, H6ep.
peuxn, kycret.” [village Otkhara, Gudautsk. District, Abkhazia, river bank, bushes];
30 Jun. 1958; Kurnakov; ZISP *2 males; “A6xasus, c. Orxapa npearopbs Basibekoro
xp.” [Abkhazia, village Otkhara foothills of the Bzybsk Ridge]; 20 May 1958; Kurna-
kov; / “Ay6oso-rpabosetit aec, kycrsr Asalia” [Oak-hornbeam forest, bushes Asalia];
ZISP; AzERBAIJAN * 1 male; “Beaoxamsl, xp. Axkeman. Azep6. 200 m” [Belokany,
Akhkemal Ridge. Azerb.[aidjan] alt. 200 m]; 15 Jun. 1964; Pastukhov leg.; ZISP; Rus-
sia — Krasnodarskiy kray ¢ 1 male; Sotshi prov. Pontica; 6 May 1932; B.Rohdendorf
leg.; / “T.caucasica Ried det. Lacksch.” [terminalia in Canada balsam pinned with
specimen]; ZISP ¢ 1 female, Khosta, Caucasian Reserve, Tiso-samshitovaya rosha
[Yew-and-Boxwood Tree Grove]; 43°31'656"N, 39°52'467"E; alt. 54 m; collected at
light, 8 May 2018; V. Lantsov leg.; IEMT ¢ 2 males, 2 females; same collection data
as for preceding, 43°31'688"N, 39°52'561"E; alt. 35 m; 8 May 2018; V. Lantsov leg.
| Lime-beech (7ilia begoniifolia and Fagus orientalis) forest with yew (Zaxus baccata)
and hornbeam (Carpinus betulus) in tree layer and butcher’s-broom (Ruscus colchicus —
dominant and Ruscus aculeatus) in ground layer [one of the females was collected in the
same community in a damp place near a yew log]; IEMT ¢ 2 males, 2 females, same
collection data as for preceding, 43°31'780"N, 39°52'518"E; alt. 98 m; 9 May 2018;
V. Lantsov leg.; / Hornbeam — ash (Carpinus orientalis, Fraxinus excelsior) forest with
addition of yew (Zaxus baccata) and lime (7ilia begoniifolia) with blackberry (Rubus
sanctus) and fig (Ficus carica) in shrub layer and with butcher’s-broom (Ruscus colehi-
cus) in ground layer; ZISP ¢ 4 males, 4 females, same collection data as for preceding,
43°31'775"N, 39°52'423"E; alt. 101 m; 9 May 2018; V. Lantsov leg.; / Hornbeam
(Carpinus orientalis) forest with butcher’s-broom (Ruscus colchicus) and fern (Asplenium
scolopendrium) in ground layer; ZISP © 1 male and 1 female (in copula), 1 female; same
collection data as for preceding, 43°31'913"N, 39°52'463"E; alt. 153 m; 9 May 2018,
V. Lantsov leg. / Ash-lime (Fraxinus excelsior + Tilia begoniifolia) forest with hornbeam
(Carpinus betulus) and with black berry (Rubus anatolicus) and miscellaneous herbs
in ground layer; IEMT ¢ 2 males, 1 female, same collection data as for preceding,
43°31'825"N, 39°52'653"E; alt. 99 m; 10 May 2018, V. Lantsov leg.; IEMT ¢ 1 male,
same collection data as for preceding, 43°31'656"N, 39°52'467"E; alt. 54 m; V. Lant-
sov leg.; ZISP 2 males, 1 female, same collection data as for preceding,43°32'257"N,
39°52'682"E; alt. 94 m; 10 May 2018, V. Lantsov leg.; / beech (Fagus orientalis) forest
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with addition of yew (Zaxus baccara) and hornbeam (Carpinus betulus) with bunch
grass (Calamagrostis arundinacea) in ground layer; IEMT e 6 males, 3 females; Kras-
nodar Territory, environs Shakhe River higher than Salokh-Aul; 5-8 Jun. 2011; V.
Pilipenko leg.; VPMC; Russia — Dagestan © 1 female, “Xouaa-Aar, aabir. 06A. Aarcr.
[Aarecran]” [Hochal-Dag, alp. Region Dagst. [Dagestan]]; 29 Jun. 1909 Mlokosevich
leg.; ZISP ¢ 1 female; Tlyaratinsky district, near village Salda, stream on the right
bank of the river Dzhurmut; 41°58'388"N, 46°30'446"E; alt. 1792 m; 2 Jul. 2016,
V. Lantsov leg.; / “Oak (Quercus iberica) sparse forest with Populus tremula and Acer
platanoides in tree layer, Rosa canina, Spiraea crenata and Cotoneaster integerrimus in
shrub, and clover (Z7ifolium canescens) and miscellaneous herbs in ground layer; ZISP
* 2 males, 1 female; near village Betelda, stream on the left bank of the river Dzhur-
mut; 41°56'853"N, 46°32'424"E; alt. 1850 m; 3 Jul. 2016, V. Lantsov leg.; / Wil-
low (Salix caprea) shrub with herbaceous layer (Epilobium montanum) (dominant),
Cardamine seidlitziana, Mentha caucasica, Veronica anagallis-aquatica and Myosoton
aquaticum community near spring above the flood plain of the left bank of the river;
ZISP * 2 males; near village Genekolob, on the high left bank of the river Dzhurmut;
41°57'392"N, 46°31'276"E; alt. 2011 m; 4 Jul. 2016, V. Lantsov leg.; / Oak (Quercus
iberica) forest with mountain-ash (Sorbus aucuparia), wayfaring tree (Viburnum lan-
tana) in shrub layer [the lower border of a forest and a forb-cereal meadow]; ZISP © 2
males; same collection data as for preceding, 41°57'449"N, 46°31'228"E; alt. 1977 m;
4 Jul. 2016, V. Lantsov leg.; ZISP ® 2 males, between the villages of Gerel and Gene-
kolob, the right bank of the river Dzhurmut, 41°55'619"N, 46°34'468"E; alt. 1925 m;
5 Jul. 2016, V. Lantsov leg.; / Above the floodplain terrace with a rare herbaceous birch
(Betula raddeana) forest with willow (Salix caprea) (coppice forest); ZISP.

Diagnosis. Dark stripes medially on lighter background extending entire length of
scutum. Inner gonostylus posteriorly with wedge-shaped projection directed anteriorly.
Tergite 9 at apex with three rounded notches, middle one usually deepest and widest.

Redescription. Adult male (Fig. 1A, B). General color grey. Body length 14—
17 mm, wing 14—17.5 mm.

Head. Light grey, sometimes bluish (Figs 1B, 13A). Rostrum whitish dorsally,
flanks rusty or brownish with whitish bristles; nasus distinct, with long, whitish yellow
setae; palpus grey. Frons with rows of brown setae along inner edge of eye. Vertex with
faint dark median line, posteriorly with dark grey striation, with group of small rusty
setae arranged fan-like on either side of glabrous medial area. Genae rusty; wide dark
median stripe ventrally on rostrum, continuing along gula midline. Pharyngeal fora-
men framed with long, rusty hair-like setae. Postgenae light grey.

Antenna (Fig. 1B) 13-segmented, if bent backwards just reaching wing base. Scape
light brown or grey, depending on angle of rotation to light source, with slightly pro-
nounced silvery pruinescence and brown horizontal striations. Pedicel yellow, some-
times brownish at base. Flagellomeres brownish, thickened at base, verticils subequal
in length to corresponding flagellomeres.

Thorax (Fig. 1B). Grey or blue-grey. Pronotum with dark grey median stripe.
Katepisternum, anepisternum and meron grey, glabrous. Scutum with four longitu-
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Figure . T' (Lunatipula) caucasica male habitus A general lateral view B head and thorax, dorsal view.
Scale bars: 10 mm (A), 1 mm (B).

dinal wide brownish stripes on lighter background; medial stripes extending length
of scutum. Scutal lobes, scutellum and mediotergite grey with light bristles in dark
brown sockets.
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Wings (Fig. 1A) greyish with a bluish tinge in transmitted light, stigma brown;
narrow whitish area (lunule) extending to base of discal cell.

Halteres (Fig. 1A) with light brown or dark-yellow stem, lighter yellow at base,
covered with short small pale setae; knob dark brown to black.

Legs with coxae light grey with long light hairs. Coxae may appear darker when
specimen is rotated. Trochanters yellow. Femora yellow at base, rest of femora, tibiae,
and tarsi dark brown.

Abdomen (Figs 1A, 2A). Grey or dark grey; tergites with dark lateral stripe narrowly
interrupted with whitish at posterior margins, lateral margins with wider whitish edge.

Terminalia (Figs 2, 14A, F). Hypopygium (Fig. 2B, C) not much thicker than
rest of abdomen, brown with moderately dense grey pruinescence, with golden yellow
hairs. Gonocoxite (Fig. 2C, G) with broad tooth ventrally. Tergite 9 (Figs 2C, E, F;
14A) transverse, lateral corner broadly rounded, at apex with three rounded notches,
middle one usually deepest and widest, bounded laterally by two large dentate projec-
tions with blunt apices, clearly visible when viewed from above (Figs 2F 14A) (Riedel
1920; Savchenko 1964). When viewed from behind, three pairs of very short pro-
jections are visible (Fig. 2E). Outer gonostylus (Figs 2G, 14F) very small, wineglass
shaped, elongated distally. Inner gonostylus posteriorly, with wedge-shaped projec-
tion (Figs 2G, 14F). Paired appendage of sternite 8 (Fig. 2D) with base ~ 2 x as long
as wide, with thin rigid yellow setae along edge, not obscuring gap in middle; long,
glabrous red-brown spine arising from base, bent, and intersecting medially. Paired
appendage of sternite 9 (Fig. 2K, L) with thick pubescent apex. Gonocoxal fragment
(Fig. 21I) flattened at the base. Semen pump and aedeagus as in Figure 2].

Female. Body length 17-21.5 mm, wing 15.5-18 mm. Antennae with scape and
pedicel brownish yellow. Legs stocky, black to brown, yellow at base, femora grey.
Wings with noticeable bluish tint; whitish area (lunule) of wings barely reaching base
of discal cell. Female terminalia (Fig. 12A—C) comparatively short. Tip of cercus up-
curved, length of cercus - 0.8 mm. Hypogynial valve only slightly longer than width
at base; length of hypogynial valve 0.2 mm. Sternite 9 and furca as in Figure 12A, C.

Comparison with closely related species. This species differs from other species
of the caucasica group primarily by the presence of a large, anteriorly directed sharp
wedge-shaped projection located posteriorly on the inner gonostylus.

Elevation. Adults were collected at altitudes ranging from sea level (Black Sea
coast at 35 m) to 2011 m (in Dagestan).

Flight period. From end of April to the beginning of July.

Habitat. Specimens were captured in diverse forest habitats (see above) predomi-
nantly in mesophytic moderately moist deciduous or mixed communities with Fagus
orientalis, Taxus baccata, Carpinus orientalis, Quercus iberica, Populus tremula, Acer pla-
tanoides, etc., sometimes in communities near springs with Salix caprea.

Distribution. Endemic to the Caucasus. It was recently noted for Russia (Dag-
estan) for the first time (Lantsov 2020). Currently known from the West Caucasus
(first record), East Caucasus and Transcaucasus.

Remarks. According to Riedel (1920), a series of type specimens, four males, two
females. “Mts’chet prope Tiflis [Georgia, Thilisi], 6. 5. 1913 (Mus. Caucas. Ph. Za-
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Figure 2. T (Lunatipula) caucasica A terminal segments of male abdomen, lateral view (dry) B-L male
terminalia (after KOH 10% treatment) B hypopygium, caudal view € hypopygium, lateral view D ster-
nite 8, ventral view E tergite 9, caudal view F tergite 9, dorsal view G inner and outer gonostylus, lateral
view H inner and outer gonostylus, caudal view | gonocoxal fragment, dorsal view J semen pump and
aedeagus, lateral view K adminiculum and paired apical appendages of sternite 9, caudal view L ad-
miniculum and paired apical appendages of sternite 9, lateral view. Abbreviations: adm—adminiculum;
as 8—paired appendages of sternite 8; as 9—apical appendages of sternite 9; ig—inner gonostylus; gex—gono-
coxite; og—outer gonostylus; s8—sternite 8; s9—sternite 9; t9—tergite 9. Scale bar: 1 mm.
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itzev)” were deposited in the “Museum Caucasicum in Tiflis”. In the author’s publica-
tion, neither the holotype nor the paratypes are indicated. Presumably, they are not
indicated on the material itself. Because this material turned out to be inaccessible to
the authors of this article — it is not yet known whether this material has survived at
all — there was no opportunity to designate lectotype and paralectotypes.

Tipula (Lunatipula) eleniya sp. nov.
http://zoobank.org/2847C4F8-9727-4FC3-BECD-C552B75382C8
Figs 3, 4, 5, 13B, 14B, G

Material examined. Holotype: Russia * 1 male; Krasnodarskiy Kray, Sochi env.
Psekhako Mt., 43°41'28"N, 40°22'E; alt. ~ 2000 m; 14—18 Jun. 2008; K. Tomkovich
leg.; ZISP. Holotype in good condition; however, left antenna, front right and left hind
legs missing. Paratypes: Russia ¢ 1 male; same data as for holotype ® 2 males; Kras-
nodarskiy Kray, Kamyshanova Polyana env. [Biological station of Krasnodar State Uni-
versity], 44°16'91"N, 40°04'46"E; alt. 1200 m; 26 Jul. 2018; V..Pilipenko leg.; ZISP.

Diagnosis. Male. General coloration grey with silver pruinescence. Tergite 9 with
deep rounded notches either side of slightly grooved cone-shaped projection. Sternite 8
with a pair of small appendages, each bearing a long medially curved spine, broad base
of appendages with fringe of long whitish hairs. Outer gonostylus small, triangular,
slightly thickened distally, covered with long setae. Inner gonostylus with small rod-
like outgrowth in middle of outer edge.

General description. Adult (Fig. 3A). Male body length 15.7 mm, wing length
16.2 mm, haltere 2.5 mm, nasus 0.13 mm, rostrum 0.8 mm, scape 0.6 mm, pedicel
0.15 mm, 1* flagellomere 0.5 mm. Length (mm) of leg segments, fore (1), mid (2), and
hind (3); successively femur, tibia, 1*and 2™ tarsomeres: 1 (9.7; 10.4; 8.5; 3.8), 2 (9.8;
10.5; 9.0; 4.5) and 3 (10.0; 13.0; 9.0; 4.5). Length (mm) of 3", 4®, and 5* tarsomeres
of all three pairs of legs, approximately the same: 1.0; 0.6; 0.5 mm, respectively.

Description. Head (Figs 3, 13B) grey with silvery pubescence. Rostrum grey dor-
sally, ventrally yellow-brown with sparse light rusty setae in black sockets. Nasus dis-
tinct, appearing triangular in dorsal aspect, covered with long, sparse procumbent se-
tae. Frons and gula bare. Vertex (Fig. 13B) framed by rows of sparse setae alongside eye,
glabrous in center with indistinct narrow longitudinal dark grey line. Genae, including
lateral part of rostrum, with very sparse fine pale bristles. Tempora and postgenae with
sparse black setae.

Antennae, bent backwards, reaches base of abdomen. Scape grey with silvery
pruinescence, pedicel dirty yellow brown. Flagellomeres dark brown with verticils on
slightly thickened bases, longest verticils subequal to length of respective flagellomere.

Thorax (Fig. 3A, B) grey with silvery pruinescence, and short sparse whitish hairs.
Pronotum dark brown with a weak dark stripe medially, and short sparse whitish
bristles. Scutum (Fig. 3B) with four brownish grey longitudinal stripes, lateral stripe
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Figure 3. T' (Lunatipula) eleniya sp. nov., male habitus. Holotype A general lateral view B head and
thorax, dorsal view. Scale bars: 10 mm (A), 1 mm (B).
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shorter, medial stripes narrowly separated by dirty yellow area. Katepisternum, anepis-
ternum, katepimeron, anepimeron and meron grey, bare, with silvery pruinescence;
scutellum and mediotergite light grey with silvery pruinescence; scutal lobes with wide
dark grey stripe, bordered by sparse whitish setae and with long yellow setae anterolat-
erally at wing base. Scutellum framed anteriorly with brown, with sparse yellow setae
laterally, and with vague narrow dark grey medial line. Mediotergite light grey with
sparse yellow setae and with silvery pruinescence. Laterotergite grey with silvery prui-
nescence and sparse erect short brown setae.

Wings (Fig. 3A) with typical venation for the subgenus, transparent with brown-
ish tin, (viewed in transmitted light). Stigma dirty yellow. Oblique lunule proximal to
stigma. Setae on costal and subcostal veins; group of short black macrotrichia distally
on Rand base of R - Distal section of R,R, . rm, base of pentagonal discal cell lighter
and weakened. Stem of cell 7, approximately half length of cell. Apex of vein Cu,
sharply curved at wing margin.

Halteres. Stem grey with base covered with short white setae, knob dark grey.

Legs. Coxae light grey with silvery pruinescence; laterally with long sparse whitish
yellow setae; medially with very short yellowish setae. Trochanters yellow with long yel-
low setae. Femora brown, narrowly yellow at base, covered with adpressed short brown
setae; tibiae brownish; tarsal segments dark brown with short, adpressed brown setae.
Tibial spur formula 1-2-2. Tarsal claws with a small tubercle at the base (magnification
10 x 4.5); with short but clearly visible arolium between ones.

Abdomen (Figs 3A, 4A). Tergites and sternites grey with silvery pruinescence, and
sparse fine short golden setae. Tergites with lateral dark grey intermittent stripe, no
distinct dorsal stripe. Tergites laterally and distally edged with whitish-yellow, proximal
segments with thinner distal edge, becoming wider on caudal segments.

Terminalia (Figs 4, 5, 14B, G). Hypopygium grey to dark grey, moderately thick-
ened, with silvery pruinescence (Fig. 4A—C). Tergite 9 with two deep rounded notch-
es flanking a median cone-shaped projection, the apex of which has a small groove
(Figs 4E, F; 5G-L, 14B). The dorsolateral edges of the tergite 9 convex, curved inward.
Sternite 8 (Fig. 4D) with a pair of small appendages bearing long medially curved spine,
base of appendages with fringe of long whitish hairs not obscuring gap between. Ap-
pendages of sternite 9 (Fig. 4K, L) abundantly pubescent. Outer gonostylus (Figs 4G,
5A-F 14G) small, triangular, slightly thickened distally, covered with long bristles.
Inner gonostylus (Figs 4G, H; 5A-E 14G) with small rod-shaped outgrowth in middle
of outer edge (Figs 4G, 14G), twice as long as wide at base, slightly narrower medially,
tip obliquely truncate. Posterior part of inner gonostylus a wide triangular plate with
short sparse brown bristles in inner surface, long whitish setae in outer one. Gonocox-
ite (Figs 4G, 5A—C) with two wide dentate outgrowths, ventral one longer, pointed,
dorsal one rounded; long yellowish setae laterally on gonocoxite. Gonocoxal fragment
(Fig. 4I) with short forked extension at base. Semen pump and aedeagus as in Figure 4].

Female unknown.

Variation. Three variants exist of the small rod-like outgrowth of the inner gono-
stylus: variant I (holotype — Sochi env., Psekhako Mt, alt. 2000 m) (Fig. 5A, D), vari-
ant II (paratype) (Fig. 5B, E) and variant III (paratype) (Fig. 5C, F). (variants II and
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Figure 4. T' (Lunatipula) eleniya sp. nov. A terminal segments of male abdomen, lateral view (dry)
B-L male terminalia (after KOH 10% treatment) B hypopygium (without sternite 8), caudal view C hy-
popygium, lateral view D sternite 8, ventral view E tergite 9, caudal view F tergite IX, dorsal view G inner
and outer gonostylus, lateral view H inner and outer gonostylus, caudal view | gonocoxal fragment, dorsal
view ] semen pump and aedeagus, lateral view K adminiculum and paired apical appendages of sternite
9, caudal view L adminiculum and paired apical appendages of sternite 9, lateral view. Scale bar: 1 mm.

II from Kamyshanova polyna env., alt. 1200 m). There are also some differences in the
shape of tergite 9 (Fig. 5G-L). Given the paucity of material, and the minor differences
observed, the authors consider this to be intraspecific variability.



A new Palacarctic crane flies with a survey of the “caucasica” species 157

B

Figure 5. 7" (Lunatipula) eleniya sp. nov., variation in the structure of the male terminalia A, D, G, ] vari-
ant I (holotype) B, E, H, K variant II (paratype) C, F, I, L variant III (paratype) A=C inner and outer
gonostylus, lateral view D=F inner and outer gonostylus, latero-caudal view G-I tergite 9, caudal view
J-L tergite 9, dorsal view. Scale bar: 1 mm.

Comparisons to similar species. The new species is readily separable from all
other species of the subgenus by the presence of an outgrowth medially, on the outer
edge of the inner gonostylus (Figs 4G; 5A-F; 14G).

Elevation. Adults were collected at altitudes ranging from 1200-2000 m.

Flight period. Adults are active from middle of June through the end of July.
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Habitat. Mixed moderately moist mesophytic plants, shady communities that in-
clude common hornbeam (Carpinus betulus), oriental beech (Figus orientalis), Nord-
man fir (Abies nordmanniana), ash vulgaris (Fraxinus excelsior), field maple (Acer camp-
estre), colchis holly (Zlex colchica), etc.

Distribution. Endemic to the Caucasus: currently known from the West Caucasus.

Etymology. Tipula (Lunatipula) eleniya sp. nov. is named after the mother of the
first author, Elena Nikolaevna Lantsova.

Tipula (Lunatipula) paupera Savchenko, 1964
Figs 6, 7, 13C, 14C, I

Tipula (Lunatipula) quadridentata paupera Savchenko 1964: 393 (type locality: Geor-
gia, Zagor Pass, Svanetiya); Oosterbroek, Theowald 1992: 118; Oosterbroek 2021.

Material examined. Holotype: GEORGIA *1 male; “3arop [3arap Csanerms], I'pys.
CCP” [Zagor Pass Svanetiya, Gruz. SSR. Georgian Soviet Socialist Republic]; alt.
2623 m; 19 Jul. 1957; R. Savenko leg.; ZISP. | “Tipula 4-dentata paupera ssp. n. det.
Savchenko” / “Holotypus” [Holotype not initially marked; red label] / “ Tipula (Luna-
tipula) paupera Sav., stat. nov. Lantsov, Pilipenko, 2020” [white label]. Thorax (prescu-
tum, scutum, scutellum) smeared, obscuring coloration. Preservation of legs: forelegs
both with only trochanters; midlegs: left with part of femur, right only with femur;
hind legs: right missing. Wings slightly crumpled. Paratypes. GEORG1a *1 male; “yp.
Aaeanas (Kopyaaamr [Kopyapammu] — 3arap)” [Laedil [territory] (Koruldash [Korul-
dashi] — Zagar)]; 5 Aug. 1957; Savenko leg.; ZISP. / “Paratypus” [Paratype not initially
marked; red label] / “Tipula (Lunatipula) paupera Sav., stat. nov. Lantsov, Pilipenko,
2020” [white label] ® 2 males; “Crryck ¢ mepesana Bacca 8 Hakpy [B aoauny p. Haxpal,
Crasponoabckuii kp.” [Descent from the Bassa Pass to Nakra [to the valley of the river
Nakra], Stavropol kr. [Stavropol Territory — in error, Georgia, Svanetiyal; 5 Aug. 1956;
L. Arens leg.; ZISP. / “Paratypus” [Paratype not initially marked; red label] / “7ipula
(Lunatipula) paupera Sav., stat. nov. Lantsov, Pilipenko, 2020” [white label].

Diagnosis. Male. Gonocoxite with two elongate, pointed teeth, one dorsally and
one ventrally. Tergite 9 with two projections posteriorly, separated by deep wide notch.
Paired appendages of sternite 8 widely spaced, base shorter than wide, gap between not
masked by setae. Apical appendages of sternite 9 elongate, narrow distally, with dense
bundle of relatively short golden yellow setae at tip.

Redescription. Adult male (Fig. 6A, B). General color light grey. Body length
15.5 mm, wings 16.5 mm.

Head (Figs 6B, 13C). Rostrum dorsally light grey to whitish with silvery pruin-
escence, dark brown procumbent setae, base of rostrum dorsally light beige, laterally
dirty rusty, yellow. Nasus well defined with longer whitish procumbent setae. Palpus
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Figure 6. T' (Lunatipula) paupera, male habitus A general lateral view B head and thorax, dorsal view.
Scale bars: 10 mm (A), 1 mm (B).
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dark brown. Vertex (Fig. 13C) light sandy color with soft silvery pruinescence, dark
grey thin median line extending to occiput; nine or ten short brown setae, behind
antenna, four or five longer brown setae alongside eye. Row of long brown setae on
temporal region and around occipital foramen. Gula and gena (including rostrum ven-
trally) yellowish-sandy to light brown, with medially enfolded region ventrally marked
by moderately broad, light brown median line; gena near eyes light yellow; postgena
yellow to sandy.

Antennae. Scape light grey with silvery pruinescence, pedicel yellow with subtle
brown ring at base. Flagellomeres brown.

Thorax (Fig. 6A, B). Pronotum grey with dark broad median stripe with blurred
edges. Scutum with four brown stripes, central pair more pronounced, widener ante-
riorly with dirty yellow between. Scutal lobes brown with silvery pruinescence. Scutel-
lum and mediotergite with thin fuzzy grey median line; scutellum yellow to light grey;
mediotergite light grey with silvery pruinescence and scattered whitish short bristles.
Katepisternum, anepisternum, katepimeron, anepimeron and meron light grey with
silvery pruinescence, glabrous.

Wings. Transparent, without noticeable marble pattern, with light brown stigma.
Longitudinal veins with macrotrichia.

Halteres. Stem light brown to dirty yellow, knob brown.

Legs. Coxae light grey with silvery pruinescence and long, whitish bristles; tro-
chanters light brown; femora yellow at base, light brown with darkened tips, with
adpressed dark brown bristles.

Abdomen (Figs 6A, 7A). Grey with short whitish bristles. Posterior and lateral
margins of tergites with thin whitish edging.

Terminalia (Figs 7, 14C, 1). Hypopygium not thickened. Tergite 9 and gonocox-
ites with silvery pruinescence. Gonocoxite (Figs 7G, 14I) with two teeth. Tergite 9
(Figs 7E, F; 14C) distally with projection on either side of deep, wide central notch.
Paired appendages of sternite 8 (Fig. 7D) widely separated, basal section shorter than
width, gap between not masked by setae. Appendage of sternite 9 (Fig. 7K, L) with
dense bundle of relatively short golden-yellow setae at tip. Gonocoxal fragment as in
Figure 71, semen pump and aedeagus as in Figure 7].

Female. Unknown.

Status. The species was described and treated as a subspecies of 7. quadridentata.
It is elevated here to species rank because of the presence of a number of differences of
the species from 7. quadridentata and all other species of the caucasica species group
(see below).

Comparison with closely related species. This species differs from all other spe-
cies of the caucasica group by the number and arrangement of setae dorsally on the
head (Fig. 13C), the deep median notch at the apex of tergite 9 (Figs 7F, 14C), and
the more widely spaced appendages of sternite 8 (Fig. 7D). It differs from 7. eleniya
sp. nov., 1. quadridentata, and 1. caucasica in the shape and presence of the dense bun-
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Figure 7. 7" (Lunatipula) paupera A terminal segments of male abdomen, lateral view (dry) B-L male

terminalia (after KOH 10% treatment) B hypopygium, caudal view € hypopygium, lateral view D ster-
nite 8, ventral view E tergite 9, caudal view F tergite 9, dorsal view G inner and outer gonostylus, lateral
view H inner and outer gonostylus, caudal view | gonocoxal fragment, dorsal view } semen pump and
aedeagus, lateral view K adminiculum and paired apical appendages of sternite 9, caudal view L adminicu-
lum and paired apical appendages of sternite 9, lateral view. Scale bar: 1 mm.
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dle of short setae on the appendages of sternite 9 (Fig. 7K). This species is similar to
1" quadridentata in having two teeth on the gonocoxite (Figs 7G, 141, J).

Elevation. The holotype was probably collected at 2623 m (height of Zagar Pass)
and one of the paratypes was collected “on the descent from the Bassa Pass”, the height of
which is 3057 m. It can be assumed that this species occurs in high-mountainous habitats.

Flight period. Adults were collected from the last third of July to early August.

Habitat. Data absent.

Distribution. Endemic to the Caucasus-currently known from the southern slopes
of the Greater Caucasus (Georgia).

Tipula (Lunatipula) quadridentata Savchenko, 1964
Figs 8, 9, 12D-E 13D, 14D,]

Tipula (Lunatipula) quadridentata quadridentata Savchenko 1964: 392 (type locality:
Russia, near Stavropol); Oosterbroek and Theowald 1992: 118; Oosterbroek 2021.

Material examined. Holotype. Russia ¢ 1 male; “okoaumnsr Crasporoast, Gafipads.
[eti] Aec” [near Stavropol, bairak forest] [small forest in steppe ravines]; 25 May 1954;
[S.] Medvedev leg.; ZISP. / “romm. cka. moa mororom [aeca]” [southern slopes under
the canopy forest] / “T. (Lunatipula) quadridenta sp. n., onp. E.Capuenxo” [det. E.
Savchenko]. The specimen is very badly damaged and glued together. The head is
glued to the thorax; the abdomen is broken in half and glued together; two legs of
uncertain position are glued to the specimen, one without coxa and trochanter, and
the other missing the last four tarsal segments. Paratypes. Russia ¢1 male; “Crapsiit
aec k 1ory ot Craspornoas” [Old forest south of Stavropol]; 25 May 1954;[S.] Med-
vedev leg.; ZISP. / “mumx. wacts ces. ckaoma” [lower part of northern slope] © 1 fe-
male, “T'eopruesckoe Aecumaectso Tyancumck. p-u” [Georgievskoe forestry Tuapse
District]; 21 May 1954; K. Arnoldi leg.; ZISP 1 male, same collection data as for
preceding; 22 May 1954 * 3 males, 2 females; “r. Asicas, 800-900 m, Tyarcuuck.
p-#” [mount Lysaya, alt. 800-900 m, Tuapse District]; 26 May 1954; K. Arnoldi leg.;
ZISP; | “Beprmnnas Ayrosuna u omyika Aeca 800-900 m” [summit meadow and
forest edge, alt. 800-900 m].

Additional material. Russia ¢ 9 males, 8 females; “kypopr “Topsunit Karou”
xp. Korx.[cknii] Kpacuoaap.[ckmii] kp. ay6.[ossiii] aec” [Goryachiy Klyuch resort
Koth[skiy] Ridge, Krasnodar.[sky] District oak. Forest]; 18 May 1956; Gilyarov leg.;
ZISP / “T. (Lunatipula) quadridentata sp. n. onp. E.H.CaBuenxo” * 1 female, “m.
[mprc] TTenait, k rory or Hosopoccuiicka” [m. (cape) Penay, south of Novorossiysk] 24.
V. [1]1956; Gilyarov leg.; ZISP ® 1 male, 1 female; “okp. cr. Cmoaenckoii, Cuepckoro
p-ua, Kpacuoaap. kp.” [near Smolensk station, Siversky Region, Krasnodar District] 20
May 1963; Savchenko leg.; / “omyr.[ka] emer. [anroro] mpearopm.[oro] aeca” [edge
of mixed foothill forest]; ZISP * 1 male; “oxp. cr. Kpusenkosckoii, Tyarnc. [urckoro]
p-ua Kpacuopap.[ckoro| kpas” [around village Krivenkovskaya, Tuapse Region of
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Krasnodar District]; 25 May 1963; Savchenko leg.; / “omyruka ancrs.[ernoro] aeca y
pexn, BAOAB ropi.[oro] motoka” [the edge of the foliage forest near the river, along the
mountain stream]; ZISP ¢ 1 male; Khosta, Krasnodarskiy Kray, Caucasian Reserve, Ti-
so-samshitovaya rosha [Yew-and-Boxwood Tree Grove]; 43°32'014"N, 39°52'621"E;
alt. 135 m; 10 May 2018; V. Lantsov leg.; / Fern-butcher community on the rocky
slopes of the right side of the gorge of the Khosta River; IEMT ¢ 1 male; Khosta,
Krasnodarskiy Kray, Caucasian Reserve, Tiso-samshitovaya rosha [Yew-and-Boxwood
Tree Grovel; 43°31'656"N, 39°52'467"E; alt. 54 m; 12 May 2018, V. Lantsov leg.;
/ collected on light; IEMT e 2 males (in alcohol); North Caucasus, Krasnodarskiy
Kray, near village Mezmay; 44°11'291"N, 39°58'090"E; alt. 808 m; 15 May 2018; V.
Lantsov leg.; / Beech (Fagus orientalis), fruit tree (Pyrus sp. and Malus sp.) forest with
Fraxinus excelsior in under growth, Sambucus nigra, Cornus mas, Rosa canina, Crataegus
sp., in shrub layer and sedge Carex pendula, cereals and herbs in ground layer [a leveled
area of the light part of the forest, possibly a site of a wild pear-apple orchard 50-70
years old]; IEMT e 1 male; Krasnodar Territory, Apsheron District, environs of village
Mezmay, Guam Gorge, left slope, 44°12'409"N, 39°55'056"E, alt. 547 m; 24 May
2019; V. Lantsov leg.; / Landslide foot, community with butterbur [Petasites albus] as
dominant along the banks of the stream, open places at the edge of the forest; ZISP * 8
males (in alcohol); Krasnodar Territory, Seversky District, in vicinity of village Thama-
ha, 3 May 2016; S. Kustov leg.; ZISP ¢ 7 males, 1 female (in alcohol ); Krasnodar Ter-
ritory, Seversky District, environs of village Plancheskaya, 3 May 2016. S. Kustov leg.;
ZISP * 5 males (in alcohol); Krasnodar Territory, environs of village Bolshoy Utrish;
1 May 2008; E. Hachikov. leg.; ZISP * 3 males (in alcohol); Krasnodar Territory,
municipality Anapa, environs of village Sukko, Kvashin’s Gorge, Dolgaya Niva terri-
tory; 44°47'20"N, 37°28'33"E; alt. 67 m; 6-8 May 2016; S. Kustov, V. Gladun. leg.;
ZISP * 5 males (in alcohol ); Krasnodar Territory, river Shakhe Gorge; 43°52'46"N,
39°50'00"E; 2 May 2012; V. Pilipenko leg.; VPMC ¢ 3 males; (in alcohol); Khosta,
Krasnodarskiy Kray, Caucasian Reserve, Tiso-samshitovaya rosha [Yew-and-Boxwood
Tree Grove]; 43°32'014"N, 39°52'621"E; 8 May 2012; V. Pilipenko leg.; VPMC « 4
males (in alcohol); Krasnodar Territory, 13 km to the N from Sochi, Sukhoy Canyon;
43°32°N, 39°56’E; 5 May 2014; V. Pilipenko leg.; VPMC; RUSSIA — Dagestan * 5
males; Makhachkala, Tarki Distr.; 42°56'57"N, 47°29'41"E; alt. 220 m; 1 May 2019.,
V. Pilipenko leg.; cemetery on the hillside; VPMC ¢ 1 male, 1 female; same local-
ity; 10 May 2019., V. Pilipenko leg.; VPMC ¢ 1 male, Tarki-Tau Mt.; 42°56'28"N,
47°28'08"E; alt. 450 m; 2 May 2019; V. Pilipenko leg.; oak forest; VPMC.

Diagnosis. Tergite 9 with four widely spaced teeth and with three rounded notches
distally; caudal margin of gonocoxite with two dentate projections. Paired appendages
of sternite 8 with wide base bearing thick yellow setae distally covering gap between.
Cercus long and straight; hypogynial valve only slightly longer than width at base.

Redescription. Adult male (Fig. 8A, B). General body coloration grey. Body
length 15-16 mm, wings 15.5-17 mm.

Head (Figs 8B, 13D). Vertex dirty grey with longitudinal thin dark grey midline.
Rostrum grey dorsally with long brown setae mixed with shorter white setae, but gla-
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brous at base, laterally and ventrally dirty yellow (nearly rusty). Nasus well developed,
with long, whitish procumbent setae. Frons light grey and yellow with group of 2—4
small brown setae behind each antenna . Gula grey, glabrous with narrow brown stripe.
Gena light grey near eyes.

Antennae. Framing around antennal sockets yellow. Scape light brown, pedicel
yellow, flagellomeres brown; verticils not longer than corresponding flagellomeres.

Thorax (Fig. 8A, B). Dark grey with silvery pruinescence. Pronotum dark grey;
katepisternum dorsally with groups of whitish setae. Scutum with 4 brownish stripes
(Fig. 8B), spaces between stripes grey with long whitish bristles. Mediotergite grey with
whitish bristles.

Wings (Fig. 8A). Transparent, without noticeable marble pattern, with light brown
pterostigma. Longitudinal veins with macrotrichia.

Halteres. Stem light brown to yellowish, knob brown.

Legs. Femora light brown with procumbent dark brown bristles. Tarsal claws with-
out noticeable tooth at base.

Abdomen (Figs 8A, 9A). Dark grey with short whitish bristles. Tergites with distal
and lateral whitish edging.

Terminalia (Figs 9, 14D, ]). Hypopygium not thickened. Tergite 9 and gono-
coxite with silver pruinescence. Upper margin of gonocoxite with two dentate projec-
tions. Tergite 9 (Figs 9E, F; 14D) at apex with four widely spaced teeth and with three
rounded notches, narrower middle notch bounded by small flat projection bearing
sharp thorn beneath; small backwards projecting spine beneath tergite 9. Outer and
inner gonostyli (Figs 9G, H; 14]) without significant features. Paired appendages of
sternite 8 (Fig. 9D) large, wide base with fringe of thick yellow setae hiding gap be-
tween (apparent on pinned specimens). Paired apical appendages of sternite 9 as in
Figure 9K, L. Gonocoxal fragment (Fig. 91) with characteristic small V-shaped fork at
base. Semen pump and aedeagus as in Figure 9].

Female. Body length 17.5-19.5 mm, wings 16-18.5 mm. Scape and pedicel
brownish yellow. Terminalia (Fig. 12D-F). Cercus long and straight. Hypogynial valve
(Fig. 12E) only slightly longer than wide at base. Sternite 9 and furca as in Figure 12D, E

Comparison with closely related species. This species differs from other species
of the caucasica species group (in the male) by tergite 9 with four widely spaced teeth
and with three small notches at the apex and a small spine beneath (Figs 9E, F; 14D).
Paired appendages of sternite 8 is broadest, with thick yellow bristles that cover the
gap between; in the other species this gap is not obscured. Tipula quadridentata is
similar to 7. paupera by having two teeth on the edge of the gonocoxite and similar
coloring of the antenna. The outer gonostylus is somewhat larger than in 7. caucasica.
The gonocoxal fragment is similar to that of 7. zalyshensis (Figs 91, 111). The female
has a parallel-sided, straight cercus whereas it is upturned at the tip in 7” caucasica and
broader at base in 7. talyshensis.

Elevation. Adults were collected at altitudes ranging from sea level (54 m in Tiso-
samshitovaya rosha) to 800-900 m (in Mount Lysaya, Tuapse district).

Flight period. Adults were collected from throughout the month of May.

Habitat. Specimens are found in moderately humid woody deciduous communities.
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Figure 8. 7' (Lunatipula) quadridentata, male habitus A general lateral view B head and thorax, dorsal
view. Scale bars: 10 mm (A), 1 mm (B).

Distribution. Endemic to the Caucasus; currently known from the West Caucasus
(northern and southern slopes; Krasnodar and Stavropol Territory) and from the East
Caucasus (Dagestan; first record).
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Figure 9. 7' (Lunatipula) quadridentata A terminal segments of male abdomen, lateral view (dry)
B-L male terminalia (after KOH 10% treatment) B hypopygium, caudal view € hypopygium, lateral
view D sternite 8, ventral view E tergite 9, caudal view F tergite 9, dorsal view G inner and outer gono-
stylus, lateral view H inner and outer gonostylus, caudal view | gonocoxal fragment, dorsal view J semen
pump and aedeagus, lateral view K adminiculum and paired apical appendages of sternite 9, caudal view
L adminiculum and paired apical appendages of sternite 9, lateral view. Scale bar: 1 mm.
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Tipula (Lunatipula) talyshensis Savchenko, 1964
Figs 10, 11, 12G-I; 13E, 14E, K

Tipula (Lunatipula) talyshensis Savchenko 1964: 391 (type locality: Azerbaijan, Lerik
region); Oosterbroek, Theowald 1992: 121; Oosterbroek 2021.

Material examined. Holotype: AzZERBATJAN *1 male, “p-u Aepuxk, Asepbaiiaxk. CCP
26. VI. [1]954 Axacpapos” [Lerik region, Azerbaijan. SSR. [Azerbaijanskaya Soviet
Socialist Republic] [alt. ~1115 m, 38°46'31"N, 48°24'55"E]; 26 Jun. 1954; Jafarov;
| “Tipula talyshensis det. Savchenko sp. n.” [white label] / [Original red label with-
out text] / “Holotypus” [red label]; ZISP. Holotype in good condition (Fig. 10A, B),
however, some legs missing: fore legs — left missing, right up to femur; mid legs — left
present, right missing; hind legs — left and right up to femur. Paratypes. AZERBAIJAN
*2 males, 2 females; same data as for holotype [printed on white paper] / “Paratypus”
[Paratype not initially marked; red label]; ZISP.

Diagnosis. Male. Tergite 9 at apex with a denticle on either side of wide, shallow,
flat median notch. Paired apical appendages of sternite 9 narrower distally, bearing tassel
of long golden setae. Female. Hypogynial valve several times longer than width at base.

Redescription. Adult male (Fig. 10A, B). General body coloration grey. Body
length 15-20 mm, wings 18-19.5 mm.

Head (Fig. 13E). Vertex light grey with indistinct median grey line, glabrous in
middle and around eye with rows of setae between. Rostrum dorsally dark grey, whit-
ish at base, ventrally light brown with grey median stripe. Nasus with long, whitish
procumbent setae. Tempora and genae light grey to whitish (color depending on angle
of inclination) with faint silvery pruinescence.

Antennae. Scape dark grey with rusty bristles, pedicel yellowish with indistinct
brown line in middle, flagellum brown.

Thorax (Fig. 10A, B). Pronotum grey with whitish setae. Scutum (Fig. 10B) with
four brownish stripes on grey, short whitish setae between central and side stripes. Scutal
lobe grey with faint silvery pruinescence, anterolaterally with group of whitish setae.
Pleura and coxae grey with silvery pruinescence; katepisternum dorsally with sparse
whitish setae, anepisternum and meron glabrous. Scutellum and mediotergite grey with
whitish setae, scutellum with dark grey median line visible as specimen is rotated.

Wings (Fig. 10A). Translucent, grey, with light brown pterostigma. Longitudinal
veins C, S¢, and R and bases of A, and A, with macrotrichia.

Halteres. Stem yellowish with light setae, knob brown.

Legs. Coxae grey with silvery pruinescence and long, whitish setae. Femora light brown
with procumbent dark brown setae. Claws of fifth tarsal segment without spine at base.

Abdomen (Figs 10A, 11A). Dark grey with short whitish setae. Posterior margins
of tergites without noticeable light edging, lateral margins with wide whitish to yel-
lowish edging.

Terminalia (Figs 11, 14E, K). Hypopygium (Fig. 11A, B, C) not thickened. Ter-
gite 9 (Figs 11E, F; 14E) trapezoidal, apex with rather wide, shallow median notch
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Figure 10. 7 (Lunatipula) talyshensis, male habitus A general lateral view B head and thorax, dorsal view.
Scale bars: 10 mm (A), 1 mm (B).

bounded by a denticles. Gonocoxites (Figs 11G, 14K) with large ventral tooth, dorsal
tooth truncated at apex. Outer gonostylus without significant features (Fig. 11G). In-
ner gonostylus as in Figures 11G, H; 14K. Paired appendages of sternite 8 (Fig. 11D)
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Figure | 1. T (Lunatipula) talyshensis A terminal segments of male abdomen, lateral view (dry) B—L male
terminalia (after KOH 10% treatment) B hypopygium, caudal view € hypopygium, lateral view D ster-
nite 8, ventral view E tergite 9, caudal view F tergite 9, dorsal view G inner and outer gonostylus, lateral
view H inner and outer gonostylus, caudal view | gonocoxal fragment, dorsal view ) semen pump and
aedeagus, lateral view K adminiculum and paired apical appendages of sternite 9, caudal view L adminicu-
lum and paired apical appendages of sternite 9, lateral view. Scale bar: 1 mm.

relatively small, with fringe of hairs along inner edge. Apical appendages of sternite 9
(Fig. 11K, L) narrowed distally, bearing tassel of long golden setae. Gonocoxal frag-
ment, semen pump and aedeagus as in Figure 111, J, respectively.
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Figure 12. Female terminalia of caucasica species group A=C 1. (Lunatipula) caucasica D=F T. (Luna-
tipula) quadridentata G- T. (Lunatipula) talyshensis A, D, G ovipositor, lateral view B, E, H ovipositor
ventral view C, F, | sternite 9 and furca, lateral view. Abbreviations: c—cerci; f~furca; hv—hypogynial valve;

s—sternite; t—tergite. Scale bar: 1 mm.

Female. Adult female body length 18-25 mm, wings 18-18.5 mm. Similar to
male. Cercal hypogynial valve (Fig. 12G, H) several times longer than wide at base.
Sternite 9 and furca as in Figure 121I.

Comparison with closely related species. This species differs from other species
of the caucasica group by the broad shallow notch at the apex of tergite 9, the tassel of
golden setae at the tip of the apical appendage of sternite 9, and by the small size of the
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Figure 13. Heads of caucasica species group, dorsal view A 1" (Lunatipula) caucasica B T. (Lunatipula)
eleniya sp. nov. C T. (Lunatipula) paupera D T. (Lunatipula) quadridentata € T. (Lunatipula) talyshensis.

Scale bar: 1 mm.

Figure 14. Comparisons of some components of male terminalia of the caucasica species group
A, F 1. (Lunatipula) caucasica B, G T. (Lunatipula) eleniya sp. nov. C,1 1. (Lunatipula) paupera D,) T. (Lu-
natipula) quadridentata B, K 1. (Lunatipula) talyshensis A=E tergite 9, dorsal view F=K inner and outer
gonostylus, lateral view. Arrows point to central notch at apex of tergite 9 (C, D), to the wedge-shaped
projection posteriorly on inner gonostylus (F), to the rod-like outgrowth behind anterior beak of inner

gonostylus (G), to the anterior (dorsal) margin of gonocoxite (I, J, K). Scale bar: 1 mm.

paired appendages of sternite 8. The unusually long hypogynial valve of the female dis-
tinguishes this species from that of 7. caucasica and 1" quadridentara, the other known
females of the caucasica group.
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Elevation. Adults were collected at altitudes - 1115 m.

Flight period. Adults were collected on 26 June.

Habitat. No data.

Distribution. Endemic to the Caucasus — currently only known from Talysh
(Azerbaijan).

Key to males and females of the caucasica species group

Males

1 Inner gonostylus with rod-like outgrowth behind anterior beak (Fig. 14G)....
.......................................................................................... T eleniya sp. nov.
- Without such an outgrowth behind anterior beak on the inner gonostylus
ST G S 2
2 Wedge-shaped projection posteriorly on inner gonostylus (Fig. 14F) ............
............................................................................ T. caucasica Riedel, 1920
Without such a wedge-shaped projection posteriorly on inner gonostylus....3
3 Anterior (dorsal) margin of gonocoxite with sharp dentate projection in ad-
dition to smaller more ventral tooth (Fig. 14 I, J). Adminiculum and paired
apical appendage of sternite 9 as in Figure 7K or 9K.......coeiiiinnncnne. 4
- Anterior (dorsal) margin of gonocoxite with only traces of a projection at
most (Fig. 14K). Apical appendage of sternite 9 narrowed distally, bearing
tassel of long golden setae (Fig. 11K, L) ...... T. talyshensis Savchenko, 1964
4 Tergite 9 at apex with four projections, central notch between middle projec-
tions small and shallow (dorsal view) (Fig. 14D). Paired appendage of sternite
8 with thick yellow setae on base covering space between. Setal arrangement
on vertex as in Figure 13 D. Adminiculum and paired apical appendages of
sternite 9 as in Figure 9K ...........c......... T. quadridentata Savchenko, 1964
- Tergite 9 at apex with only two projections, central notch between quite wide
and deep (dorsal view) (Fig. 14C). Gap between paired appendage of sternite
8 usually exposed, not masked by setae. Arrangement of setae on vertex as
in Figure 13C. Adminiculum and paired apical appendage of sternite 9 as in
Figure 7K. ..ccooiiiiiiiiiiiiiiccicc, T. paupera Savchenko, 1964

Females (known for three species of the caucasica group only)

1 Hypogynial valve long, more than three times longer than width at base
(Fig. 12G, H) woveveeiiiccciicccce T talyshensis Savchenko, 1964
- Hypogynial valve short, length approximately equal to width at base
(Fig. 1220, B, D, E) covsooeeeeeo oo sseeessseeseseee oo 2
2 Cercus upcurved distally (Fig. 12A).........c........... T. caucasica Riedel, 1920

- Cercus straight (Fig. 12D) ....cccccooeeuee. T. quadridentata Savchenko, 1964
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Discussion

All species belonging to the caucasica species group are morphologically quite dis-
tinct including 77 quadridentata and T. paupera, previously considered as subspecies.
Their status as separate species is beyond doubt: each is distinguishable by the struc-
ture of tergite 9 as well as additional distinctive features mentioned in the descrip-
tions and comparisons above, as well as in the keys. For 7 caucasica, this is a charac-
teristic wedge-shaped projection posteriorly on the inner gonostylus (Fig. 14F); for
1. eleniya, it is a unique rod-shaped outgrowth of the inner gonostylus (Fig. 14G);
1. talyshensis differs by the unique structure of the paired appendage of sternite 9
(Fig. 11K). The inner gonostyli of 7. quadridentata, 1. paupera, and 1. talyshensis are
similar in lateral view (Fig. 141, J, K), but these species differ in size, shape, and cov-
erage of the paired appendages of sternite 8 (Figs 7D, 9D, 11D). T. eleniya, T. qua-
dridentata, and T talyshensis are similar in the structure of the gonocoxal fragment,
semen pump, and aedeagus (Figs 41, J; 91, J; 111, J). The color and arrangement of
the setae on the vertex of the head in 7. paupera distinguishes it from all other species
of the group (Fig. 13C). The variability seen in the outgrowth of the inner gonosty-
lus of 7" eleniya (Fig. 5) probably indicates the plasticity of this species and confirms
the need for additional studies.

Females of only three of the five species of the caucasica species group are known,
and they differ sufficiently in the structures of the cerci, hypogynial valves, and sternite
9 (Fig. 12), as reflected in the identification key. Of interest would be the immature
stages of the species of the caucasica species group, about which nothing is yet known.

Zoogeographically, the caucasica species group belongs to the Caucasian subgroup,
a part of the eastern Mediterranean group, which is, in turn, a part of the Mediterra-
nean species complex (Savchenko 1983). These species are narrow-range endemics to
the Caucasus. Ecologically, they are confined to mesophytic habitats within the forest
belt, occurring in a fairly wide range of altitudes and can be classified as species char-
acteristic of deciduous forest and mixed communities.

Parallel morphology in the subgenus Lunatipula in the structure of internal
gonostylus in Palaearctic species

The inner gonostylus of 7. (L.) eleniya was compared with those of the 502 known
species including the 360 Palaearctic species of the subgenus Lunatipula. No direct
matches were found, but outgrowths of various shapes on the middle of the inner
gonostylus were found in some Palacarctic species: two species from Turkey (7ipula
(Lunatipula) auriculata Mannheims, 1963 and Tipula (Lunatipula) horsti Theisch-
inger, 1982), one from China (7ipula (Lunatipula) oreada Alexander, 1933), and two
from Kyrgystan (7ipula (Lunatipula) milkoi Pilipenko, 2005 and Tipula (Lunatipula)
zarnigor Savchenko, 1954). The latter species has also been recorded in Tajikistan and
northeastern Afghanistan (Oosterbroek 2021). The species belong to the same sub-
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genus, but are classified in different species groups and are geographically dispersed
in this regard, it can be assumed that these various outgrowths to be independently
derived and therefor examples of parallel evolution.

Acknowledgements

The authors express their sincere gratitude to the staff of The Laboratory of Insect
Taxonomy (Diptera Department) of the Zoological Institute of Russian Academy of
Sciences (St. Petersburg, Russia) — Nikolai Parmonov, Galina Suleimanova, Emilia
Narchuk, and Olga Ovchinnikova for the opportunity to work with material from the
collection of the institute. The authors would like to express their sincere gratitude to
Vladimir Neymorovets (All-Russian Research Institute of Plant Protection, St. Peter-
burg, Russia) for making the general color photographs of the crane flies. The authors
sincerely thank Fenja Brodo (Ottawa, Canada) for valuable advice and assistance in the
revision of the English text. We are very grateful for Konstantin Tomkovich (Moscow)
for the gift of material collected in the Caucasus Reserve. The authors are sincerely
thankful to Nelli Tsepkova (Tembotov Institute of Ecology of Mountain Territories
of Russian Academy of Sciences, Nalchik) for providing the geobotanical data in the
field and to Nadya Matveyeva (Komarov Botanical Institute of the Russian Academy of
Sciences, St. Petersburg) for her professional comments concerning English names of
plant communities. This study has been partly supported by the Russian Science Foun-
dation (project no. 18-04-00961). The research was carried out as part of the Scientific
Project of the State Order of the Government of Russian Federation to Lomonosov
Moscow State University No. 12103230063-3.

References

Crampton GC (1943) The external morphology of the Diptera. Bulletin Connecticut State
Geological and Natural History Survey 64: 10-165. [reprinted 1966.].

Cumming JM, Wood DM (2017) Adult morphology and terminology. In: Kirk-Spriggs AH,
Sinclair B] (Eds) Manual of Afrotropical Diptera (Vol. 1). South African National Biodi-
versity Institute, Pretoria, 107-151.

Lantsov VI (1998) New for the Caucasus and North Caucasus species of crane-flies (Diptera,
Tipulidae). Fauna of the Stavropol region 8: 41-44. [in Russian]

Lantsov VI (2002) Fauna structure and chorology of crane-flies (Diptera, Tipulidae) of Teber-
dinsky State Nature Biosphere Reserve. Biological diversity of the Caucasus (Transactions
of II regional conference) Suchum, 18-23 September 2001: 108—121. [in Russian]

Lantsov VI (2007) Crane-flies (Diptera, Tipulidae) of high alticude landscapes of the Caucasus.
In: Mountain ecosystems and their components. Materials of I international conference,
13-18 August 2007, Nalchik 2: 94-99. [in Russian]



A new Palacarctic crane flies with a survey of the “caucasica” species 175

Lantsov VI (2018) Habitats of the Northern Caucasus crane fly Tipula (Lunatipula) sublunata
(Diptera: Tipulidae). In: Materials of XVIII All-Russia Conference on Soil Zoology. Mos-
cow, 118-119. [in Russian]

Lantsov VI (2020) Biological diversity of crane flies (Diptera, Tipuloidea) in the natural land-
scapes of Dagestan (North-East Caucasus, Russia) // XI All-Russian Dipterological Sym-
posium (with international participation). Voronezh. August 24-29, 2020. Proceedings of
conference / Responsible editors: O.G.Ovchinnikova, I.V.Shamshev. St.Petersburg: Rus-
sian Entomological Society, LEMA, 292-296. https://doi.org/10.47640/978-5-00105-
586-0_2020_292

Oosterbroek P (2021) Catalogue of the Craneflies of the World. http://ccw.naturalis.nl/detail.
php [latest update 7 May 2021]

Riedel MP (1920) Nematocera Polyneura (Dipt.) aus dem Kaukasus. Zoologische Jahrbucher,
Abteilung fur Systematik, Geographie und Biologie der Tiere 43: 13-22.

Savchenko EN (1954) New species of crane-flies (Diptera, Tipulidae) of the fauna of the USSR.
Trudy Zoomuzeya, Kievskiy Gosudarctvennyy Universitet 4: 109—132. [in Russian]

Savchenko EN (1957) Two new species of crane-flies (Diptera, Tipulidae) from the North
Caucasus. Zoologicheskiy Zhurnal 36: 1493-1499 [in Russian with English summary]

Savchenko EN (1964) Crane-flies (Diptera, Tipulidae), Subfam. Tipulinae, Genus Tipula L., 2.
Fauna USSR, N.S. 89, Nasekomye Dvukrylye [Diptera] 2(4): 1-503. [in Russian]

Savchenko EN (1968) New or little known species of crane-flies (Diptera, Tipulidae) from the
Transcaucasus. Entomologicheskoe Obozrenie 47: 912-936 [in Russian with English sum-
mary] (English translation: Entomological Review 47: 557-571.

Savchenko EN (1983) Crane-flies (Family Tipulidae), Introduction, Subfamily Dolichopezi-
nae, Subfamily Tipulinae (start). Fauna USSR, N.S. 127, Nasekomye Dvukrylye [Dip-
tera], 2(1-2): 1-585. [In Russian]

Savchenko EN, Kandybina MN (1987) Tipulidae. In: Kandybina MN, Lantsov VI, Savchenko
EN (Eds) A Catalog of the Type-Specimens in the Collection of the Zoological Institute,
Academy of Sciences of the USSR. Insecta, Diptera, N 3, Families Tanyderidae, Tricho-
ceridae, Limoniidae, Tipulidae. Zoological Institute of Academy of science of the USSR,
Nauka, Leningrad, 21-61 [in Russian]






