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Abstract
A black coral, Bathypathes thermophila Chimienti, sp. nov. is described from the Saudi Arabian coasts of 
the Gulf of Aqaba and north Red Sea (Neom area) using an integrated taxonomic approach. The mor-
phological distinctiveness of the new species is confirmed by molecular analyses. The species thrives in 
warm and high salinity waters typical of the Red Sea at bathyal depths. It can form colony aggregations 
on muddy bottoms with scattered, small hard substrates. Colonies are monopodial, feather-like, and 
attached to a hard substrate through a thorny basal plate. Pinnules are simple, arranged biserially and 
alternately, and all the same length (up to approximately 20 cm) except for few, proximal ones. Spines are 
triangular, laterally compressed, subequal, smooth, and simple or rarely bifurcated. Polyps are elongated 
transversely, 1.5–2.0 mm in transverse diameter. Large colonies can have one or few branches, whose 
origin is discussed. The phylogenetic position of B. thermophila sp. nov. within the order Antipatharia, 
recovered using three mitochondrial markers, shows that it is nested within the family Schizopathidae. It 
is close to species in the genera Parantipathes, Lillipathes, Alternatipathes, and Umbellapathes rather than 
to the other available representatives of the genus Bathypathes, as currently defined based on morphology. 
In agreement with previous findings, our results question the evolutionary significance of morphological 
characters traditionally used to discriminate Antipatharia at higher taxonomic level.
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Introduction

Black corals (Cnidaria, Anthozoa, Antipatharia) are ubiquitous to the world’s ocean, 
spanning cold deep to shallow tropical reefs. Traditionally, their description and clas-
sification rely on morphological traits, such as the corallum growth form, polyps shape 
and distribution, number of mesenteries, and size, shape and ornamentation of the 
skeletal spines (e.g., Opresko 2002; Brugler et al. 2013; Molodtsova and Opresko 
2017; Opresko and Molodtsova 2021). With the advent of molecular analyses aiming 
at the study of phylogenetic relationships and taxa boundaries, several inconsistencies 
between the phylogenies and the current taxonomy of black corals were revealed. This 
has led to several Antipatharia families and genera currently recognised as polyphyletic 
(Brugler et al. 2013; Bo et al. 2018; Barret et al. 2020; Lü et al. 2021). For example, the 
intergenic spacer between nad5-IGR-nad1 (igrN), which is the most variable region 
of the mitochondrial genome of black corals, in combination with trnW-IGR-nad2 
(igrW), and the spacer between cox3 and cox1 (cox3-cox1), have been used to clarify 
the phylogenetic position and describe new genera and species within the order An-
tipatharia (Thoma et al. 2009; Brugler et al. 2013; MacIsaac et al. 2013; Horowitz et 
al. 2020; Opresko and Molodtsova 2021). Moreover, the rRNA internal transcribed 
spacer region (comprising the 18S, ITS1, ITS2, and 5.8S) has been used in a grow-
ing number of publications to elucidate phylogenetic relationships within the families 
Antipathidae Ehrenberg, 1834, Aphanipathidae Opresko, 2004, and Schizopathidae 
Brook, 1889 (Lapian et al. 2007; Bo et al. 2018; Barret et al. 2020), as well as in popu-
lation connectivity studies (Terrana et al. 2021). Finally, the use of next generation 
sequencing techniques, such as ultra-conserved elements, has recently proven useful in 
inferring relationships at species level in black corals (Horowitz et al. 2020).

Within the family Schizopathidae, the genus Bathypathes Brook, 1889 includes 
monopodial black corals and currently accounts for 14 valid species (Molodtsova and 
Opresko 2021; Molodtsova et al. 2022). It occurs in the Pacific, Indian, Atlantic, and 
Southern oceans, and has been recorded at depths ranging from 102 to 5393 m (Brook 
1889; Opresko 2002; Opresko and Molodtsova, 2021; Molodtsova et al. 2022), al-
though its shallowest record (Thomson 1905) is currently considered doubtful. In fact, 
those of the genus Bathypathes are mostly deep-sea species, with few representatives in 
the mesophotic zone. With deep-sea technologies allowing the exploration of these 
unseen depths, new Bathypathes species have been recently described and, similarly to 
all the deep-sea antipatharians known thus far, they live in cold waters.

The Red Sea rift is a young ocean basin (Purkis et al. 2012; Augustin et al. 2021) 
characterised by environmental conditions elsewhere considered extreme for most of the 
marine fauna. With sea surface temperatures exceeding 32 °C in the summer and deeper 
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water temperatures always higher than 21 °C (Manasrah et al. 2019), the Red Sea argu-
ably provides some of the warmest natural conditions for marine fauna. The basin repre-
sents a distinct biogeographic province located at the periphery of the larger Indo-Pacific 
region, and it is characterised by strong environmental gradients and high endemism 
of marine organisms (Di Battista et al. 2016; Berumen et al. 2019). Among Red Sea 
anthozoans, black corals are poorly known except for few museum records (e.g., Brook 
1889; Wagner et al. 2012) and spot information about their reproduction and associated 
fauna (Richmond and Hunter 1990; Herler 2007). The black coral fauna of the Saudi 
Arabia Red Sea is virtually unstudied from an integrated systematics point of view. This 
is particularly true in the scantly explored and rapidly developing Neom area, which in-
cludes the northern Red Sea Saudi Arabian coast and islands north of Duba, delimited 
by a narrow coastal strip rapidly descending down to more than 2000 m depth, and the 
Saudi coast of the Gulf of Aqaba, a 180 km long and 25 km wide semi-enclosed gulf with 
a NNE-SSW orientation, an average depth of 800 m and a maximum depth of 1852 m. 
The 2020 OceanX-Neom Red Sea Expedition allowed to explore and assess the marine 
resources in Neom territory with the ultimate goal to inform Saudi Arabia national con-
servation strategies. In this context, and with the overall objective to characterise for the 
first time the Red Sea black coral diversity, a reference collection of Antipatharia including 
all observed in situ macro-morphologies was obtained. During the benthic surveys, sev-
eral colonies of monopodial, feather-like black corals were observed from 195 to 688 m 
depth. Later, morphological study of the sampled material led to their assignation to the 
genus Bathypathes Brook, 1889 (e.g., Brook 1889; Totton 1923; Opresko 2002; Opresko 
and Molodtsova (2021), thus representing the first record of this genus in the Red Sea.

This study reports the description of a new species of Bathypathes found at bathyal 
depths in the highly saline and warm waters of the Red Sea, representing the first record 
for the family Schizopathidae in the basin. In particular, B. thermophila sp. nov. from the 
Neom area is described based on traditional morphological characters, and its phyloge-
netic position within the order Antipatharia is inferred genetically using three mitochon-
drial loci and including available representatives of all the seven Antipatharia families. 
This study demonstrates that (a) B. thermophila sp. nov. is a new species of Schizopathi-
dae commonly present in the bathyal zone of the Red Sea; (b) black coral diversity in the 
basin is still poorly known and species new to taxonomy are likely to occur; and (c) tra-
ditional morphological characters used to describe genera and species in the order might 
be subject to convergent evolution and the taxonomy of the order is in need of revision.

Materials and methods

Sampling and identification

A series of mesophotic and deep-sea explorations were carried out in the Neom area, 
on the Saudi Arabia coast of the Gulf of Aqaba and northern Red Sea (Fig. 1), from 
September to November 2020. Sampling occurred during the 2020 OceanX-Neom 
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Red Sea Expedition, aboard M/V “OceanXplorer”, using an Argus Mariner XL108 
remotely operated vehicle (ROV) named “Chimaera”, and two Triton 3300/3 sub-
mersibles named “Neptune” and “Nadir”. The ROV equipment included a Kongsberg 
HiPaP 501 Ultra Short Base Line acoustic tracking systems, and a complex light-cam-
eras apparatus with, among the others, one DSPL Super wide-angle CCD camera for 
landscape view and one HDTV 1080p F/Z colour camera for detailed observations. 
Each submersible was equipped with a Sonardyne Ranger Pro 2 system and several 
light and camera systems including a Wide Angle Red DSMC2 Helium 8k Canon 
CN-E15.5–47 mm lens and a macro Red DSMC2 Helium 8k Nikon ED 70–180mm 
F4.5-5.6D. Both ROV and submersibles were also equipped with a CTD probe (RBR 
Maestro CTD and Sea-Bird SBE 19+, respectively), two parallel-aligned scaling lasers 
providing 100-mm scale and a Schilling T4 hydraulic manipulator for sampling.

Images of living corals were taken in situ with the cameras mounted on the ROV 
and/or the submersibles. Five colonies were collected at four different localities (Fig. 1). 
The apical 10-cm portion of the colonies was preserved in 99% ethanol, while the rest 
of the corallum was air-dried in the shadow for 24 hours. For each collected specimens, 
macro- and micro-morphological characters were examined and photographed using a 
Leica M205 A stereomicroscope equipped with a Leica DMC 5004 camera in the Red 
Sea Research Center laboratory at King Abdullah University of Science and Technol-
ogy (KAUST). Fragments of stem and pinnules were taken from different parts of the 
dry samples, hydrated in distilled water, cleaned with gentle rinses in diluted sodium 
hypochlorite (NaClO), then washed with distilled water and dehydrated in a graded 
ethanol series (Chimienti et al. 2020). Dehydrated skeletal elements were mounted 
on stubs, coated with a 5-nm thick layer of iridium using a Quorum Q150T S tur-
bomolecular pumped coater, and imaged using a Thermo Fisher Scientific Quattro S 
Environmental SEM at KAUST Imaging Core Lab.

Type material is deposited at the National Museum of Natural History (MNHN), 
Paris, France. The paratypes are currently kept at KAUST, Thuwal, Saudi Arabia, and 
at the Zoological Museum of the University of Bari Aldo Moro (MUZAC), Bari, Italy.

DNA extraction, amplification, and sequence analyses

Total genomic DNA was extracted using the DNeasy Blood and Tissue Kit (Qiagen Inc., 
Hilden, Germany) following the manufacturer’s protocol. DNA quality and quantity 
was assessed using a NanoDrop 2000 C spectrophotometer (Thermo Fisher Scientific, 
Wilmington, USA), and polymerase chain reaction (PCR) was used to amplify three 
genetic markers. In particular, the mitochondrial igrN was amplified with the ND5-
51anti10725F-ND1anti11217R primers and the igrW with TRPntiF-ND2anti1040R, 
following Thoma et al. (2009). The primers CO3gen3360F-CO1gen4600R were used 
for the cox3-cox1 region following Thoma et al. (2009) and Brugler et al. (2013). All 
PCRs were carried out in 15 μl reactions using 1X Multiplex PCR Master Mix (Qia-
gen Inc., Hilden, Germany), purified using Illustra ExoStar (GE Healthcare, Bucking-
hamshire, UK), and sequenced in forward and reverse direction using an ABI 3730xl 
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Figure 1. Map of the study area showing the known occurrences of Bathypathes thermophila sp. nov. 
Black dots: observed colonies during the 2020 OceanX-Neom Red Sea Expedition; red dots: sampled 
colonies; triangles: photographic record by Qurban et al. (2014). Black squares indicate the occurrence of 
an aggregation of colonies. Codes indicate the submersible (NTN) or remotely operated vehicle (CHR) 
dives. Coordinates and depth ranges for each dive are reported in Suppl. material 1.
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DNA Analyzer (Applied Biosystems, Carlsbad, USA) at KAUST Bioscience Core Lab. 
Chromatograms of the obtained strands were assembled and edited using Sequencher 
5.3 (Gene Codes Corp., Ann Arbor, USA). The sequences generated from this study 
were deposited in GenBank, and accession codes are available in Suppl. material 2.

Sequences of the genus Leiopathes Haime, 1849, representative of Leiopathidae 
Haeckel, 1896, were downloaded from GenBank and used as outgroup in all phylo-
genetic reconstructions because of its confirmed sister position to the other families 
of antipatharians (Barret et al. 2020). Newly produced sequences from this study, as 
well as 157 sequences (igrN), 130 sequences of igrW, and 67 sequences of cox3-cox1 
retrieved from GenBank, were aligned using MAFFT 7.130b (Katoh and Standley 
2013) with the E-INS-i method. The best substitution model for each marker was 
calculated using PartitionFinder 2 (Lanfear et al. 2017). A Maximum likelihood (ML) 
phylogenetic reconstruction was performed using RAxML 2 (Stamatakis 2014) on the 
online CIPRES server (Miller et al. 2012). The ML analyses were run with multipara-
metric bootstrap analyses of 1000 bootstrap replicates.

Results

Taxonomy

Order Antipatharia
Family Schizopathidae Brook, 1889
Genus Bathypathes Brook, 1889

Bathypathes thermophila Chimienti, sp. nov.
https://zoobank.org/6D09BCE9-D0B6-4DA0-922A-2324A29380B3
Figs 2–5

Material examined. Holotype: MNHN-IK-2016-45 (Fig. 2), Red Sea, Duba Chan-
nel, 27.643801°N, 35.455505°E, 303 m, 9 Oct 2020, Neptune submersible (collec-
tion code NTN0028-6). Paratypes: KAUST-NTN0037-8, Red Sea, off Haql (Gulf 
of Aqaba), 29.264796°N, 34.920449°E, 278 m, 21 Oct 2020, Neptune submersible 
(collection code NTN0037-8); MUZAC-6665, Red Sea, South of Magna (Gulf of 
Aqaba), 28.31497°N, 34.68936°E, 323 m, 25 Oct 2020, Neptune submersible (collec-
tion code NTN0040-2); MUZAC-6666, Red Sea, South Sila Island, 27.562322°N, 
35.283313°E, 629 m, 12 Oct 2020, Chimaera ROV (collection code CHR0011-2); 
KAUST-NTN0056-3, Red Sea, off Shusha Island, 27.8933°N, 34.83665°E, 597 m, 7 
Nov 2020, Neptune submersible (collection code NTN0056-3).

Diagnosis. Colony attached though a basal disk, monopodial, generally un-
branched or with a few, random branches, and pinnulate (Figs 2a, b, 3a–e). Stem 
cylindrical (Fig. 2c), regularly decreasing in diameter from the base to the top. Lower 
unpinnulated section of the stem (stalk) much shorter than upper pinnulated section. 
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Pinnules simple, up to 20 cm long and subequal in length over most of the corallum, 
except for proximal and distal ones that are shorter. Pinnules arranged alternately in 
two lateral rows along the stem (Fig. 2d), although one or few couples of pinnules can 
be occasionally present on the same side (Fig. 3f ). Pinnules inclined of 30° in frontal 
view (Fig. 2d) and oriented slightly forward in the polypar side with respect to the 
stem. Pinnular basal diameter 0.18–0.40 mm (0.11 in young colonies). Spacing of 
pinnules on the same side 2.8–4.3 mm (Fig. 2d), with a pinnular density of 12–18 per 
3 cm (up to 20 in young colonies), including pinnules on both sides.

Spines on the pinnules smooth, laterally compressed, triangular, acute, simple or 
rarely bifurcated, 0.015–0.025 mm tall (occasionally down to 0.008 mm or up to 
0.028 mm), with polypar spines almost the same size of abpolypar ones or slightly 
larger. Four or five rows of spines in lateral view, each row bearing from one to three 

Figure 2. Bathypathes thermophila sp. nov., holotype (MNHN-IK-2016-45) a colony in situ b dry colo-
ny c base and stem d alternate arrangement of pinnules e polyps on both stem and pinnules, with f detail 
of a polyp g pinnular terminal polyp h, i apical polyp of the colony. Scale bars: 10 cm (a, b); 5 cm (c); 
1 mm (d, e); 200 μm (f, h); 100 μm (g, i).
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spines (Fig. 4d–i), with a density of 5–8 spines per mm (considering double or triple 
spines as one). Rows can be less obvious on some pinnules.

Spines on the stem smooth, laterally compressed, triangular in profile, acute, 
simple and enlarged at the base, 0.020–0.030 mm tall. Spines uniformly distributed 
around the stem, arranged in 10–14 longitudinal rows, each one bearing one to three 
parallel spines (Fig. 4a–c). Spines often random on the proximal stem and near the 
basal disk. Basal disk with numerous, elongated spines up to 1.2 mm tall.

Polyps present on one side on both pinnules and stem (Fig. 2e), elongated along 
the transverse axis, 1.5–2.5 mm in transverse diameter (rarely smaller or larger) and 
0.5 mm large (Fig. 2f–i). Polyps sharply divided into three regions, with pairs of ten-
tacles 0.5 mm long (contracted polyps) and 0.2–0.3 mm apart, and prominent oral 
cones. Polyps distance ranging from 0.5 to 2.5 mm, generally 1 mm, with a density of 
10–15 polyps per 3 cm.

Description of the holotype. The holotype (MNHN-IK-2016-45) is a com-
plete colony with an intact basal disk and apex. The colony is attached to the sub-
fossil remains of an irregular echinoid encrusted by various small invertebrates. The 
colony is 74.5 cm long with a stem basal diameter of 1.8 mm. The unpinnulated 
stalk is 4 cm long. The basal disk is 7 mm in diameter with numerous, erect and 
acute spines, up to 0.9 mm tall, all over its surface. The pinnules are simple, bilat-
eral and arranged alternately. Although pinnules are quite flexible, some of them are 
broken off. The longest remaining ones are ~ 20 cm in length with a basal diameter 
of ~ 0.28–0.40 mm. The number of pinnules on the corallum is 186 on one side 
and 181 on the other. Some pinnules are missing at the base of the corallum, likely 
broken and lost during collection with the sampling manipulator. Within each row, 
the pinnules are spaced 2.8–3.5 mm apart on the apical portion of the corallum, 
3.2–3.7 mm on the middle area and 3.4–4.0 mm on the basal one. The resulting 
pinnular density is 14 per 3 cm (total for both rows) on the proximal portion of the 
stem to ~ 16–18 per 3 cm in the median and towards the distal end. The central 
axial canal is 0.31 mm wide on a pinnule 0.42 mm in diameter, and 0.10 mm on a 
pinnule 0.22 mm in diameter.

The stem is characterised by six or seven rows of spines in lateral view, although 
in some areas their distribution can be irregular. A single, 4-cm branch is present in 
the proximal area of the corallum, and a dichotomous ramification is present in the 
median area (Fig. 3c, d).

Pinnular spines are small, from 0.017 to 0.022 mm tall, and 0.20–0.31 mm apart. 
Spines can be double or triple, particularly in the proximal portion of pinnules. Bifur-
cated spines are also present, although not common.

The polyps are 1.5–2.0 mm in transverse diameter, rarely smaller than 1.5 mm. 
Polyps density is 11–15 polyps per 3 cm on the stem and 11–13 polyps per 3 cm on 
the pinnules.

Description of the paratypes. The general morphology of the four paratypes ana-
lysed is similar to that of the holotype, with a monopodial corallum and pinnules sim-
ple, bilateral and arranged alternately. All paratypes have elongated polyps occurring in 
a single series on one side of the pinnules and of the stem.
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Paratype KAUST-NTN0037-8 is a complete colony of 27 cm in length (Fig. 5a, 
b), with a stem basal diameter of 1 mm. The unpinnulated stalk is 2.8 cm long, while 
the basal disk is 4 mm in diameter with tall spines, up to 1 mm, erect or curved up-

Figure 3. Branching and damages in Bathypathes thermophila sp. nov. a example of a colony in situ with 
different branches. Holotype (MNHN-IK-2016-45) b ramification observed in situ c ramification at the 
middle of the colony with d detail of the ramification. Paratype MUZAC-6665 e primary branch (on the 
left) and secondary branch (on the right) f example of two pinnules present on the same side of the stem 
with respect to the alternate pattern g cicatricial nodule on a pinnule h narrowing of the pinnular section 
possibly due to an injury and a subsequent recovery i spines arranged irregularly over a skeletal scar. Scale 
bars: 10 cm (a, b); 1 cm (c, e); 1 mm (d, f); 100 μm (g–i).



Giovanni Chimienti et al.  /  ZooKeys 1116: 1–22 (2022)10

Figure 4. Scanning Electron Microscope of the spines of Bathypathes thermophila sp. nov., MNHN-
IK-2016-45 (a–f, h), MUZAC-6665 (g, i) a stem and pinnule form the middle portion of the corallum 
b stem from the upper part of the corallum with c detail of the spines. Pinnule from the middle portion of 
the corallum with details of d proximal portion e distal portion, and f terminal portion g polypar spines 
on pinnule h row with three polypar spines on a distal pinnule i bifurcated polypar spine on pinnule. The 
right side of vertical skeletal elements and the upper side of horizontal ones is the polypar side. Scale bars: 
500 μm (a, b); 100 μm (c–g); 50 μm (h, i).



A new species of Bathypathes and its phylogenetic position 11

Figure 5. Paratypes of Bathypathes thermophila sp. nov. KAUST-NTN0037-8 a colony in situ, on a 
muddy bottom with scattered biogenic hard substrate b dry colony in frontal view (polypar side) and in 
c lateral view d polyp e spines on a proximal pinnule. MUZAC-6665 f colony in situ on muddy bottom 
g dry colony in frontal view h distal polyps i proximal spines on a pinnule from the lower part of the 
corallum. MUZAC-6666 j colony in situ on a hard ground, with a spider crab as epibiont k polyps on 
pinnule l spines arrangement on pinnule form the upper part of the corallum m base of the colony. Upper 
side of horizontal skeletal elements is the polypar side. Scale bars: 10 cm (a, f, g, j); 1 cm (b, c); 1 mm (d, 
h, k, m); 100 μm (e, i, l).
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wards. The pinnules are up to 9 cm long with a basal diameter of 0.25–0.35 mm and 
a pinnular density of 14–16 per 3 cm (Fig. 5c). Distance between adjacent pinnules 
on one side of the stem is 3.3–4.2 mm, except for one couple of pinnules in the me-
dian part of the colony that is not alternately arranged. The stem is characterised by 
six rows of spines in lateral view, although in some areas their distribution is more ir-
regular. Rows are uniformly distributed around the stem, and host spines 0.020–0.028 
mm tall. Spines on the pinnules are 0.018–0.022 mm tall, and 0.13–0.20 mm apart 
(Fig. 5e). Each pinnule bears 4–5 rows of spines in lateral view. Polyps are generally 
1.9–2.5 mm in transverse diameter (Fig. 5d), rarely up to 3.0 mm, while young ones 
can be only 1.3 mm. They are mostly 1 mm apart, although distance can range be-
tween 0.8 and 2.3 mm. Density of 10 polyps per 3 cm.

Paratype MUZAC-6665 is a complete colony of 45 cm in length (Fig. 5f, g), with 
a stem basal diameter of 1.6 mm. The unpinnulated stalk is 3 cm long, while the basal 
disk is 6.2 mm in diameter with spines up to 1.2 mm tall, erect or curved upwards. Pin-
nules up to 16 cm long with a basal diameter of 0.30–0.40 mm and a pinnular density 
of 12–15 per 3 cm. One couple of pinnules at the median and two at the distal part of 
the stem interrupt the alternate arrangement, being on the same side. A single, primary 
branch is present on one side of the colony and a single, secondary one on the other side 
(Fig. 3e). Pinnular spines 0.021–0.028 mm tall, 0.12–0.30 mm apart, and arranged in 
4–5 rows in lateral view (Fig. 5i). Spines on the stem arranged in 6–7 rows per side and 
0.020–0.030 mm tall. Polyps 2.0–2.5 mm in transverse diameter (occasionally up to 
3.0 mm or down to 1.3 mm), with a density of 10–12 polyps per 3 cm (Fig. 5h).

Paratype MUZAC-6666 is a complete colony of 14 cm in length (Fig. 5j), with a 
stem basal diameter of 0.6 mm. The unpinnulated stalk is 1.6 cm long, while the basal 
disk is 4 mm in diameter with spines up to 0.8 mm tall (Fig. 5m). The pinnules are up to 
7 cm long with a basal diameter of 0.11 mm and a pinnular density of 18–20 per 3 cm. 
The pinnules are characterised by four or five rows of spines in lateral view, with spines 
0.012–0.016 mm tall and 0.10–0.22 mm apart (Fig. 5l). Polyps are 1.5–2.0 mm in 
transverse diameter, 1.5–2.0 mm apart, with a density of 9–10 polyps per 3 cm (Fig. 5k).

Paratype KAUST-NTN0056-3 is a complete colony 26 cm long, with a stem basal 
diameter of 0.9 mm. The unpinnulated stalk is 3.0 cm long, while the basal disk is 
2.7 mm in diameter with tall spines, erect or curved upwards, up to 0.9 mm tall. Pin-
nules up to 11 cm long with a basal diameter of 0.18–0.26 mm and a pinnular density 
of 14–17 per 3 cm. Pinnules are alternate, with adjacent ones spaced 3.2–4.3 mm, ex-
cept for one, single pair of pinnules present on the same side of the stem, in the median 
part of the colony. The central axial canal is 0.07 mm in diameter on a pinnule 0.12 mm 
in diameter. Pinnules with four rows of spines in lateral view, mostly 0.008–0.012 mm 
tall (some up to 0.018 mm) and 0.10–0.18 mm apart. Stem bearing five rows of spines 
in lateral view, 0.016–0.020 mm tall. The colony was found dead, without polyps.

Etymology. The species name is derived from the Greek words thermos (hot) and 
philia (love, preference for), referring to the occurrence of this species in the rather 
warm Red Sea waters, especially compared to the water temperatures usually measured 
in other bodies of water within the same depth range.



A new species of Bathypathes and its phylogenetic position 13

Distribution. A colony matching the macro-morphology of B. thermophila sp. nov. is 
shown in Qurban et al. (2014: fig. 3F), where it is reported as an “unidentified sea fan”. It 
is reported from two areas off Duba (Fig. 1), at 360–720 m depth, extending the known 
distribution further south from our sampling area. To date, B. thermophila sp. nov. is only 
known from the Gulf of Aqaba and northern Red Sea (Fig. 1), from 195 to 720 m depth.

Habitat and ecology. Bathypathes thermophila sp. nov. seems to grow preferen-
tially on scattered hard substrates (e.g., rocks, fresh, fossil or subfossil shells, coral rub-
ble, and subfossil sea urchin tests) surrounded by mud, although it can occur also on 
rocky bottoms. The holotype (MNHN-IK-2016-45) had settled on a subfossil test of 
an irregular echinoid, recovered on a sloping rocky substrate covered in a thin muddy 
layer. The paratypes occurred on muddy bottom with scattered biogenic small sub-
strates (KAUST-NTN0037-8, MUZAC-6665) and on hardground surrounded by 
mud (MUZAC-6666, KAUST-NTN0056-3).

Water temperature on the seabed was 22 °C, as also reported off Duba by Qurban 
et al. (2014: fig. 6), indicating that B. thermophila sp. nov. lives in relatively warm 
waters. The species is quite common in the bathyal zone of the Red Sea, where a total 
of 335 colonies were observed within this study (Suppl. material 1, 2). Aggregations 
of up to two colonies m-2 were found at 280–300 m depth in two different areas 
(Fig. 1, Suppl. material 1), where B. thermophila sp. nov. was the only erect organism 
(Fig. 6a–d). There, it enhances the benthic structural complexity on flat or gently slop-
ing seabed covered by a mud veneer. B. thermophila sp. nov. is often used as habitat by 
crinoids, spider crabs, and other epibionts (Fig. 6c–e).

Comparisons. Within the genus Bathypathes, B. platycaulus Totton, 1923 and 
B. pseudoalternata Molodtsova, Opresko and Wagner 2022 show alternate subpin-
nules. The former is characterised by a peculiar broadening of the stem in the middle 
region, to which the species name refers (Totton 1923), while B. thermophila sp. nov. 
has a cylindrical stem all along the corallum which lacks a flattened region. Bathypathes 
thermophila sp. nov. also differs from B. platycaulus in the pinnular rows of spines (four 
or five per side homogenously distributed vs. six or seven on one side and four on the 
other) and in the size of the spines (0.015–0.025 mm vs. 0.040 mm). Finally, the basal 
diameter of the stem of B. platycaulus increases in width in the first 7 cm (from 1.5 mm 
to 1.75 mm) after which it tapers away gradually up to ~ 0.28 mm at the apex (Totton 
1923), being somehow flattered. Conversely, the stem diameter of B. thermophila sp. 
nov. decreases slightly and constantly from the base to the apex.

Bathypathes thermophila sp. nov. differs from B. pseudoalternata in having a colony 
which can bear one or a few branches (vs unbranched), higher pinnular density (12–20 
vs. 6–12 pinnules per 3 cm), shorter pinnular spines (0.008–0.028 vs 0.030–0.080 mm) 
with higher density (5–8 vs. 4–5 spines per mm), smaller polyps (1.5–2.5 vs. 3–5 mm 
in transverse diameter), and higher density of polyps (10–15 vs. 6–7.5 polyps per 3 cm).

Remarks. Large colonies, approximately higher than 40 cm, can show one or few 
ramifications (Fig. 3a–e). Despite Opresko and Molodtsova (2021) suggesting that 
monopodial colonies of Bathypathes can have one ramification due to damaging events, 
skeletal analysis in proximity of the branching in B. thermophila sp. nov. colonies did 
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not reveal signs of past issues, suggesting that occasional branching can be due to the 
division of a primary polyp. On the contrary, signs of recovery after mechanical dam-
age were observed on the skeletal of B. thermophila sp. nov. without the occurrence of 
ramifications. These signs were evident mostly as a skeletal swelling (Fig. 3g), a chaotic 
pattern of spines (Fig. 3i), or a drastic narrowing of the pinnular section (Fig. 3h).

Molecular results

A total of four sequences were obtained and analysed for the mitochondrial igrN and 
igrW, and cox3-cox1 region. The final igrN alignment consisted of 612 bp, with 60 
polymorphic sites, 56 parsimony informative sites, and 72 mutations. The igrW align-
ment consisted of 623 bp, with 93 polymorphic and 69 parsimony-informative sites, 
and 114 mutations, while the alignment of the cox3-cox1 was 820 bp long (199 poly-
morphic and 174 parsimony informative sites, and a total of 250 mutations).

The igrN and igrW ML topologies are shown in Fig. 7a, b, with ML bootstrap-
ping support, while the cox3-cox1 reconstruction is included in Suppl. material 3. 

Figure 6. Distribution and associations of Bathypathes thermophila sp. nov. a aggregations of colonies 
(white arrows) b detail of four co-occurring colonies. Epibionts c, d unidentified spider crabs e unidenti-
fied crinoid. Scale bars: 10 cm (a, b); 1 cm (c–e).



A new species of Bathypathes and its phylogenetic position 15

Bathypathes thermophila sp. nov. is monophyletic, genetically distinct, and molecu-
larly closely related to the available representatives of the genera Parantipathes Brook, 
1889, Lillipathes Opresko, 2002, Dendropathes Opresko, 2005, Saropathes Opresko, 
2002, Alternatipathes Molodtsova & Opresko, 2017, and Umbellapathes Opresko, 
2005 (igrN, igrW, cox3-cox1), all retrieved in the same clade comprising also one 
sequence of Schizopathes Brook, 1889 (igrN, igrW) and one of Sibopathes van Pesch, 
1914 (igrN, igrW). However, the representatives of Bathypathes available in the lit-
erature and included in our analyses cluster into a separate clade not closely related 
to the B. thermophila sp. nov. clade. Rather, they are closer to representatives of the 
genera Stauropathes Opresko, 2002 and Telopathes MacIsaac & Best, 2013 (Fig. 7a, b; 
Suppl. material 3).

Discussion

Within the Family Schizopathidae, species with a monopodial, unbranched corallum 
are ascribed to the genera Bathypathes, Schizopathes, Abyssopathes Opresko, 2002, Sa-
ropathes, Alternatipathes, and Parantipathes. Our specimens lack the triangular-shaped 
pinnulated section typical of Alternatipathes and Schizopathes, the latter also charac-
terised by unattached colonies with a hook-like holdfast for support (Opresko 2002; 
Molodtsova and Opresko 2017). Moreover, our specimens have only two rows of pri-
mary pinnules, simple and lateral, unlike the genera Abyssopathes (three rows of pin-
nules: two lateral and one or more anterior), Saropathes (primary pinnules in four rows, 
with subpinnules) and Parantipathes (six or more rows of pinnules) (Opresko 2002).

Based on morphological characters considered diagnostic in black coral taxonomy, 
we assigned the examined material to the genus Bathypathes and described it as a new 
species. From a molecular point of view, data from three loci, consistently and con-
cordantly placed B. thermophila sp. nov. in a clade closely related to the genus Paran-
tipathes rather than with the other available sequences of Bathypathes. This is relatively 
unsurprising as previous works already highlighted that the genus Bathypathes, as cur-
rently defined based on morphological characters, is polyphyletic. For example, rDNA 
phylogenetic reconstructions showed that Bathypathes, comprising representatives of 
the type species, B. patula, clusters with Stauropathes (Bo et al. 2018; Lü et al. 2021), 
and one nuclear sequence of Bathypathes sp. (MG023167-YPM IZ 028566) is close 
to the genus Telopathes (Bo et al. 2018; Lü et al. 2021). Given that Bathypathes, Stau-
ropathes and Telopathes also share some morphological similarities, the morphological 
characters used to distinguish Bathypathes from other genera seem to lack evolutionary 
meaning (Barret et al. 2020) and further analyses are likely to reveal that B. thermophila 
sp. nov. falls within a different genus. Previous phylogenetic reconstructions based on 
the same mitochondrial regions have included representatives of B. patula (e.g., Brugler 
et al. 2013; Bilewitch and Tracey 2020). However, some of these samples were recently 
used by Opresko and Molodtsova (2021) to describe a new species within the genus, 
B. alaskensis, while the sequences from others have never been made available online 
for comparison. While acknowledging the disagreement between morphological and 



Giovanni Chimienti et al.  /  ZooKeys 1116: 1–22 (2022)16



A new species of Bathypathes and its phylogenetic position 17

genetic assignation of the newly described species, in absence of available sequences of 
the genus Bathypathes type species, we decided to adopt a conservative approach and 
describe B. thermophila as a new species within the genus based on traditional morpho-
logical characters, still widely used in Antipatharia descriptions.

The overall ML analyses based on the three loci were mostly concordant and recov-
ered a consistent reconstruction of the phylogenetic relationships within the order An-
tipatharia, in agreement with previously published molecular findings. The three mi-
tochondrial phylogenetic reconstructions obtained consistently placed B. thermophila 
sp. nov. within a distinct molecular lineage including the sequences of all available 
representatives of the family Schizopathidae and one representative of the family Clad-
opathidae Kinoshita, 1910 (Sibopathes macrospina Opresko, 1993), with the exception 
of cox3-cox1 reconstruction, where no sequences of Sibopathes were available (Fig. 7a, 
b, Suppl. material 3). The inclusion of S. macrospina within this molecular lineage is 
consistent with previous results, since the family Schizopathidae is currently considered 
polyphyletic only due to the position of S. macrospina with the genus Parantipathes 
(Brugler et al. 2013). Other representative genera of the family Cladopathidae (Trisso-
pathes Opresko, 2003, Chrysopathes Opresko, 2003, Cladopathes Brook, 1889, Hetero-
pathes Opresko, 2011) are nested in a separate clade. Opresko (1993) already discussed 
the similarity of skeletal characters between the genera Parantipathes and Sibopathes, and 
Brugler et al. (2013) suggested that the morphological characters used to discriminate 
the latter could be derived. Barret et al. (2020) reconstructed the phylogenetic relation-
ships of black corals on the base of complete mitochondrial genomes, and recovered a 
concordant topology, with the placement of S. macrospina within the Schizopathidae.

Antipatharians are currently largely understudied in the Red Sea, particularly in 
the mesophotic and aphotic zones. Due to the unique environmental features of this 
body of water, and its geographic position at the periphery of the greater Indo-Pacific 
region, a detailed study of Red Sea black corals can greatly contribute to our under-
standing of the evolution, phylogenetic relationships and biogeography of the whole 
group, ultimately pushing towards its pending taxonomic revision. Moreover, a reas-
sessment of the morphological characters so far considered informative and diagnostic 
for black corals taxonomy is needed. In this respect, our molecular reconstructions and 
their comparison with the observed morphological features represent a first step in this 
direction and provide a baseline for future works. Future studies of Red Sea black cor-
als will ultimately need to integrate nuclear and Next Generation Sequencing data. In-
deed, molecular taxonomy is highlighting similar patterns at different taxonomic levels 
within the entire order Antipatharia and suggests that a molecular revolution similar to 
the one which has taken place in the last 20 years for other metazoans in general, and 
cnidarians in particular, is timely.

Figure 7. RAxML phylogenetic reconstruction of Antipatharia and the position of Bathypathes ther-
mophila sp. nov. (in purple) inferred from two molecular loci a the mitochondrial intergenic spacer be-
tween nad5-igr-nad1 and b the mitochondrial intergenic spacer between trnW-igr-nad2. Node values are 
maximum likelihood bootstrap values (> 70%). The genus Leiopathes was selected as outgroup. Sequences 
highlighted by (*) are representatives of the family Cladopathidae.
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Conclusions

Bathypathes thermophila sp. nov. is described for the Neom region in the north Saudi 
Arabian Red Sea and represents the first black coral species described from the basin, 
the first record for the family Schizopathidae, as well as the only member of this fam-
ily known thus far to live in relatively warm waters at certain depths. Considering the 
unique ecological and geological features of the Red Sea rift and the peculiar coral fauna 
that has adapted to live there, it is hardly surprising that the first systematic sampling ef-
fort to target black corals diversity and distribution led to the discovery of a new species. 
Indeed, as the study of the Neom reference collection proceeds, more taxa new to sci-
ence are likely to be discovered. The study of their phylogenetic relationships and distri-
bution, like in the case of Bathypathes thermophila sp. nov., will contribute to our knowl-
edge of black corals and, ultimately, to a revision of their current taxonomic framework, 
increasingly exposed by molecular investigations to be plagued by polyphyly.
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Abstract
A catalog of the genus Cylindrepomus Blanchard, 1853 in the Philippines, along with the description of a 
new species from northern Mindanao, is presented. Notes on the ecology, threats, and conservation of the 
new species are also provided.

Keywords
Beetle, conservation, Davao City, Dorcaschematini, Mindanao, Philippines

Introduction

Cylindrepomus Blanchard, 1853 is a tropical genus of long-horn beetles (Cerambycidae) 
(type species Cylindrepomus nigrofasciatus Blanchard, 1853) distributed within South 
China, Southeast Asia, and Oceania. They are easily distinguished from other members 
of Dorcaschematini for having highly punctate, tomentose elytra covered with 
recumbent hairs, a bulbous and coarsely granulated scape, and 3rd antennomere 2–4 
times longer than scape.
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There are 14 species and one subspecies of Cylindrepomus in the Philippines; all are 
endemic to the country, with the majority distributed in a specific island or mountain 
range. There are four species described from Mindanao Island: Cylindrepomus 
bivitticollis Breuning, 1947, Cylindrepomus elisabethae Hüdepohl, 1987, Cylindrepomus 
peregrinus samarensis Dillon & Dillon, 1948, and Cylindrepomus sexlineatus Schultze, 
1934. The most recent addition to the Philippine fauna is Cylindrepomus nigerrimus 
Vives, 2017 from northern Luzon.

The 2022 Philippine Coleopterological Expedition conducted by the Daugavpils 
University Beetle Research Team and the University of Mindanao Coleoptera Research 
Center yielded a diverse collection of beetles from different mountain ranges in Mind-
anao. Included in this collection was the new species of Cylindrepomus from northern 
Mindanao described herein, the fifth species of the genus known from Mindanao Is-
land. An updated catalog of Cylindrepomus in the Philippines is included in this paper.

Materials and methods

The new Cylindrepomus material was obtained during the 2022 Philippine Coleoptero-
logical Expedition through the Erasmus+ Mobility Programme of Daugavpils Univer-
sity in Latvia and the University of Mindanao Coleoptera Research Center, Philippines. 
The project aimed to document the coleopteran fauna in various mountain ranges in 
Mindanao, Philippines. The specimens under study were collected using hand nets 
along riparian fields at an elevation of approximately 600–700 m a.s.l.; specimens were 
killed with ethyl acetate. The habitat consists of an old-growth secondary forest with 
relatively high moisture and semi-open foliage allowing daylight to filter through.

Morphological characters were observed under Luxeo 4D and Nikon SMZ745T 
stereomicroscopes. Habitus images were taken with a Canon EOS 6D digital camera 
equipped with an MP-E macro lens. All images were then stacked using Helicon Focus 
and processed using a licensed version of the Photoshop CS6 Portable software.

Measurements of the various body parts follow Yoshitake and Yamasako (2016), with 
slight modifications concerning body length: LB = length of body from antennal support 
to apices of clothed elytra; WH = maximum width across head from the outer margin 
of a gena to that of another; LG = length of gena from upper margin to lower margin; 
LL = length of lower eye lobe from upper margin to lower margin; WL = maximum 
width across lower eye lobe; LP = length of pronotum from base to apex along midline; 
WP = maximum width across pronotum; LE = length of elytra from level of basal mar-
gins to apices of clothed elytra; WEH = width of elytra at humeri; / separates different 
lines on a label; // separates different labels. All measurements are given in millimeters.

Comparative materials and specimens used in this study are deposited in the fol-
lowing institutional collections:

ANSP Academy of Natural Sciences of Philadelphia, USA;
MMCP Milton Medina Collections, Mindanao, Philippines;
MTKD Senckenberg Naturhistorische Sammlungen Dresden, Germany;
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NRM Naturhistoriska Riksmuseet, Stockholm, Sweden;
SMF Natur-Museum und Forschungs-Institut Senckenberg, Frankfurt am Main, 

Germany;
UMCRC University of Mindanao Coleoptera Research Center, Mindanao, Philippines;
USNM National Museum of Natural History (Smithsonian), Washington, D.C., USA;
ZSM Zoologische Staaatssamlung des Bayerischen Staates München, Germany.

Catalog

Cylindrepomus albomaculatus Breuning, 1947

Arkiv för Zoologi, Uppsala, 39: p. 26; Breuning 1962: p. 417; Hüdepohl 1987: p. 74.
Distribution: Philippines.
Type and depository information: Holotype male, NRM.

Cylindrepomus albosignatus Breuning, 1974

Reichenbachia, Dresden, 15(5): p. 38; Hüdepohl 1987: p. 74.
Distribution: Philippines (Luzon: Panay, Gulasi, Zambales; Visayas: Mt. Macosolon 

in Capiz Western Visayas; Mindanao: Zamboanga).
Type and depository information: Holotype, MTKD.

Cylindrepomus astyochus Dillon & Dillon, 1948

Transactions of the American Entomological Society, Philadelphia, 73: pp. 258, 262, 
pl. IX, fig. 14; Breuning 1962: p. 417; Hüdepohl 1987: p. 73.

Distribution: Philippines (Palawan; Visayas, Negros).
Type and depository information: Holotype male, ANSP.

Cylindrepomus atropos Dillon & Dillon, 1948

Transactions of the American Entomological Society, Philadelphia, 73: pp. 257, 260, 
pl. IX, fig. 17; Breuning 1962: p. 416; Hüdepohl 1987: p. 73; Lingafelter et al. 2014: 
p. 21; Vives 2017: p. 52.

Distribution: Philippines (Luzon: Apayao; Visayas: Mt. Halcon in Mindoro, Samar).
Type and depository information: Holotype female, USNM.

Cylindrepomus bayanii Hüdepohl, 1987

Entomologische Arbeiten aus dem Museum G. Frey, Tutzing bei München 35/36: pp. 
74, 76, fig. 2.

Distribution: Philippines (Romblon).
Type and depository information: Holotype male, ZSM.
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Cylindrepomus bivitticollis Breuning, 1947

Arkiv för Zoologi, Uppsala, 39(6): p. 27; Breuning 1962: p. 416; Hüdepohl 1987: 
p. 74; Vives 2013: p. 72, fig. 12.

Distribution: Philippines (Mindanao: Mt. Kitanglad in Bukidnon).
Type and depository information: Holotype male, NRM.

Cylindrepomus cicindeloides Schwarzer, 1926

Senckenbergiana, Frankfurt am Main, 8: p. 290, pl. 5, fig. 7; Breuning 1940: pp. 528, 
537; Breuning 1962: p. 417; Hüdepohl 1987: p. 74.

Distribution: Philippines (Luzon: Mt. Banahao).
Type and depository information: Holotype, SMF.

Cylindrepomus elisabethae Hüdepohl, 1987

Entomologische Arbeiten aus dem Museum G. Frey, Tutzing bei München 35/36: 
pp. 74–75, fig. 1.

Distribution: Philippines (Mindanao: Tandag Surigao del Sur).
Type and depository information: Holotype female, ZSM.

Cylindrepomus flavicollis Breuning, 1947

Reichenbachia, Dresden, 15(5): pp. 25 ; Breuning 1962: p. 416; Hüdepohl 1987: 
p. 74.

Distribution: Philippines.
Type and depository information: Holotype male, NRM.

Cylindrepomus mucronatus Schwarzer, 1926

Senckenbergiana, Frankfurt am Main, 8: p. 290, pl. 5, fig. 6 ; Breuning 1940: pp. 528, 
537 ; Breuning 1962: p. 416; Hüdepohl 1987: p. 73.

Distribution: Philippines (Luzon: Imugan).
Type and depository information: Holotype male, SMF.

Cylindrepomus nigerrimus Vives, 2017

Les Cahiers Magellanes, 25: p. 52, fig. 10.
Distribution: Philippines, Luzon, Nueva Vizcaya, Dupax del Sur.
Type and depository information: Holotype male, Collection E. Vives, Terrassa, 

Barcelona, Spain.
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Cylindrepomus peregrinus samarensis Dillon & Dillon, 1948

Transactions of the American Entomological Society, Philadelphia, 73: p. 264, pl. IX, 
fig. 10; Breuning 1962: p. 417; Hüdepohl 1987: p. 74; Lingafelter et al. 2014: p. 297.

Distribution: Philippines (Luzon: Panay; Visayas: Negros, Samar; Mindanao).
Type and depository information: Holotype male, USNM.

Cylindrepomus rufofemoratus Breuning, 1947

Arkiv för Zoologi, Uppsala, 39(6): p. 47; Breuning 1962: p. 418; Hüdepohl 1987: p. 73.
Distribution: Philippines.
Type and depository information: Holotype male, NRM.

Cylindrepomus sexlineatus Schultze, 1934

The Philippine Journal of Science 53 (3): p. 312, pl. 1, fig. 3; Breuning 1940: pp. 529, 
538; Breuning 1947: p. 6; Breuning 1950: p. 527; Breuning 1962: p. 416; Hüdepohl 
1987: p. 74.

Distribution: Philippines (Mindanao: Lanao Province).
Type and depository information: Holotype female, MTKD.
Synonyms: Cylindrepomus sexlineatus m. ininterruptus Breuning, 1950; 

Cylindrepomus sexlineatus m. reductevittatus Breuning, 1947.

Cylindrepomus ysmaeli Hüdepohl, 1987

Entomologische Arbeiten aus dem Museum G. Frey, Tutzing bei München 35/36: 
pp. 74, 77, fig. 3.

Distribution: Philippines (Luzon: Mountain Province).
Type and depository information: Holotype female, ZSM.

Taxonomy

Cylindrepomus ansihagani Medina & Cabras, sp. nov.
https://zoobank.org/AF70CDCE-A5E7-445E-B5B0-FFA2AD50E42E
Fig. 1A–D

Holotype (Fig. 1), male: Philippines – Mindanao / Northern Mindanao / Misamis 
Oriental III.2022 / local collector (MMCP), to be deposited at PNM.

Other material examined. Cylindrepomus bivitticollis Breuning, 1947, holotype 
male, NRM; C. sexlineatus Schultze, 1934, holotype female, MTKD.
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Description. Male. Dimensions (n = 1): LB: 14.0 mm. WH: 2.0 mm. LG: 1.5 mm. 
LL: 1.0 mm. WL: 1.0 mm. LP: 3.0 mm. WP: 2.0 mm. LE: 8.5 mm. WEH: 3.0 mm.

Teguments generally matt black, pro- and mesotibia reddish-brown near base; 
metatibia reddish-brown up to apical third; mid tarsus pale brown; hind tibia, tarsus, 
and claw light brown. Ventral side matt black, tomentose, covered with white recum-
bent pubescence on prosternum, prothorax, and abdomen.

Head and gena tomentose, covered with black recumbent pubescence; genae with 
few erect black hairs at the side; vertex with two small bands of white recumbent pu-
bescence. Eyes prominent, black, as long as wide. Antennae long and slender (except 
scape), more than twice the body length, matt black; scape bulbous, coarsely granulat-
ed, with recumbent white setae near base, 2× longer than wide; 2nd antennomere wider 

Figure 1. Cylindrepomus ansihagani sp. nov. male holotype, habitus A dorsal aspect B ventral aspect 
C frons D lateral aspect.
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than long; 3rd antennomere coarsely granulated, 2× longer than each of antennomeres 
4–11; 5th antennomere slightly granulated; antennomeres 6–11 finely granulated.

Pronotum 1.5× wider than long, tomentose, covered with black recumbent hairs; 
with two narrow bands of white recumbent pubescence, one at the base shaped like an 
elongated diamond, the other one triangle-shaped and near the margin; apical margin 
lined with golden setae.

Prosternum tomentose, covered with black recumbent hairs at middle and white 
recumbent setae at sides. Mesosternum and metasternum tomentose, covered with 
black and white recumbent setae. Mesepisternum and metepisternum tomentose, cov-
ered with white recumbent setae. 1st to 4th abdominal ventrites tomentose, covered with 
white and black recumbent setae with sparse golden setae at each side; pygidium tomen-
tose, covered with full black recumbent setae, apex lined with golden hairs (Fig. 1B).

Elytra 2.5× longer than wide, with coarse, uniformly aligned punctatation; hu-
meri slight recurved; suture and margin raised, slightly truncate along suture; apex 
lanceolate; with two thick bands of white recumbent pubescence, one at basal third 
longitudinal with apex expanded laterally, and one near the apex, narrowed toward the 
tip; a few tiny white spots near suture and margin at apical third. Scutellum tomentose, 
covered with white recumbent setae, obscuring surface (Fig. 1A).

Coxae tomentose, covered with whitish recumbent hairs; trochanters reddish-
brown; tibia armed with two small spines at base (colored black on protibia and mes-
otibia, pale brown on metatibia). Profemur slightly recurved near base.

Male genitalia (Fig. 2 A–J): Tegmen ~1.5 mm long; lateral lobes slender, ~0.1 mm 
long and 0.6 mm wide; base with a broad central lobe bearing fine setae; apex bear-
ing numerous golden setae, ~0.2–0.6 mm long. Aedeagus ~2.0 mm long and 0.5 mm 
wide, slightly recurved and tapering towards apex. Endophallus ~6.0 mm long.

Diagnosis. Cylindrepomus ansihagani sp. nov. is distinct from its Mindanao endemic 
congeners (C. bivitticollis and C. sexlineatus) in having pronotum with two narrow bands 
of white recumbent pubescence, one at the base, shaped like an elongated diamond, 
the other a triangular band of white recumbent pubescence near the margin, while 
C. bivitticollis has pronotum with a complete, pale yellow longitudinal band on each side 
of the disc and C. sexlineatus has pronotum with a yellowish spot on each side at the base.

Etymology. This new species is named after Datu Ramil P. Ansihagan, the tribal 
chieftain of the Higaunon Tribe, for his efforts in protecting and preserving the re-
maining forests in Barangay Eureka Gingoog City, Philippines.

Distribution of Cylindrepomus ansihagani sp. nov. Philippines: Mindanao: 
Northern Mindanao, Gingoog City.

Notes on ecology, threats, and conservation of Cylindrepomus ansihagani 
sp. nov. The species is known from a single specimen that was collected during the 
expedition. The species was collected at an elevation of approximately 1000–1100 m 
a.s.l. using hand nets along the boundary between an agro-ecosystem and a secondary 
forest. Most of the trees present are endemic species including but not limited to 
Shorea negrosensis (Red Lauan), Shorea contorta (White Lauan), and Quercus subsericea 
(Philippine Ulayan Tree), all of which are native to the Philippines and considered 
highly valued trees.
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Figure 2. Cylindrepomus ansihagani sp. nov. A genitalia, dorsal aspect B genitalia, lateral aspect C genitalia, 
ventral aspect D aedeagus, ventral aspect E aedeagus, dorsal aspect F aedeagus, lateral aspect G tegmen, dor-
sal aspect H tegmen, lateral aspect I tegmen, ventral aspect J tergite VIII. Abbreviation: En – Endophallus.
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The current threat to the species’ habitat is the continued conversion of the re-
maining secondary forests into agricultural lands. Farmers use various chemicals such 
as pesticides, herbicides, and fungicides that could affect the species’ population There 
is a need to conduct more expeditions, covering more habitats, to find additional pop-
ulations of this and other species. Hence, research identifying the exact species distri-
bution, area of occupancy and the species’ extent of occurrence is important as a guide 
in making a future IUCN Red List assessment of this endemic species.
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Abstract
In this study, fifteen species of Gallerucida Motschulsky, 1860 (Coleoptera: Chrysomelidae: Galerucinae), 
with spotted elytra, from China are reviewed, including one new record: G. balyi (Duvivier, 1885), six new 
species: G. fortispina Xu & Yang, sp. nov., G. levifasciata Xu & Nie, sp. nov., G. nigrovittata Xu & Yang, 
sp. nov., G. octodecimpunctata Xu & Yang, sp. nov., G. piceusfasciata Xu & Yang, sp. nov., G. rufipectoralis 
Xu & Nie, sp. nov., and Aplosonyx gansuica (Chen, 1942), comb. nov. is removed from genus Gallerucida. 
A key to the spotted-elytron species of Gallerucida from China is given as well as habitus photographs of 
the related species and Aplosonyx gansuica comb. nov. and photographs of the aedeagus of each new species.
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Introduction

Gallerucida Motschulsky, with 81 species described so far, is one of the largest genera 
in Galerucinae (Coleoptera: Chrysomelidae). All known species are distributed in the 
Palearctic region and Oriental region, of which 64 species are recorded in China (Yang 
et al. 2015). Larvae and adults feed on leaves, and some species are severe pests of com-
mercial crops.

Due to the rich species diversity of Gallerucida in China, in this study we focus on 
the spotted-elytron species of Gallerucida from China, but this group, comprising 14 
species, may not be a natural group. We describe six new species and record one new 
species from China, give habitus and aedeagus images and a key to species from China.

Materials and methods

The specimens were examined with an Olympus SZ61 microscope. Abdomens and 
aedeagus of each species were dissected using the following procedure: for dried or 
ethanol preserved specimens, the abdomen was separated and transferred to a vial con-
taining 10% KOH which was heated in a boiling water bath for 20–25 min. The 
abdomen was moved to a clean cavity slide and the abdomen pressed with the back of 
a dissecting needle to extrude and separate the aedeagus. The abdomen and aedeagus 
were then washed with distilled water and carefully moved using fine forceps to an-
other cavity slide containing glycerin for examination.

Habitus images were taken using a Canon EOS 5DSR digital camera, equipped 
with MP-E 65 mm f/2.8 lens. Illumination was by flash, and each photo was taken by 
a macro slide system.

Aedeagus images were taken using a Nikon D610 digital camera, linking a Zeiss 
microscope, with 5× objective lens. A cable shutter release was used to prevent the 
camera from shaking. The depth of field was determined by different sizes of the ae-
deagus. Helicon Focus 6 (http://www.heliconsoft.com/heliconsoft-products/helicon-
focus) stacked full depth of images. Adobe Photoshop CC (https://www.photoshop.
com) edited images and resulted output.

The label data were translated into English from the original Chinese. Accurate 
labelling data for all type specimens of species: A slash (/) divides the date into different 
lines of a label. A double slash (//) separates the data of different labels. Type specimens 
of the six new species are deposited in the Institute of Zoology, Chinese Academy of 
Sciences, Beijing, China (IZAS). Abbreviations used in the paper are TL: type locality 
and TD: type depository.

Specimens studied herein are deposited at the following institutes and collections:

ISNB Institut Royal des Sciences naturelles de Belgique, Bruxelles, Belgium;
IZAS Institute of Zoology, Chinese Academy of Sciences, Beijing, China;
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MNHN Museum national d’Histoire naturelle, Paris, France;
NHMB Naturhistorisches Museum, Basel, Switzerland;
NHMUK The Natural History Museum, London, UK;
SDEI Senckenberg Deutsches Entomologisches Institut, Müncheberg, Germany.

Taxonomy

Genus Gallerucida Motschulsky

Gallerucida Motschulsky, 1861: 24. Type species: Gallerucida bifasciata Motschulsky, 
1861, designated by Weise 1924.

Eustetha Baly, 1861: 296. Type species: Eustetha flaviventris Baly, 1861, by original 
designation. Synonymized by Chûjô 1962: 147.

Melospila Baly, 1861: 297. Type species: Melospila nigromaculata Baly, 1861, by mono-
typy and original designation. Synonymized by Chapuis 1875: 227.

Hylaspes Baly, 1865: 436. Type species: Hylaspes longicornis Baly, 1865, by monotypy 
and original designation. Synonymized by Gressitt and Kimoto 1963: 717.

Galerucida: Chapuis 1875: 224, 227. error or emendation for Gallerucida Motschul-
sky, 1861: 24.

Stethidea Baly, 1890: 13. Type species: Doryida balyi Duvivier, 1885, by monotypy and 
original designation. Synonymized by Kimoto 1989: 234.

Coptomesa Weise, 1912: 91. Type species: Gallerucida (Coptomesa) maculata Weise, 
1912, by monotypy. Synonymized by Kimoto 1965: 398.

Distribution. Palaearctic region, Oriental region.

Key to the spotted-elytron species of Gallerucida from China

1 Pronotum black or atropurpureus (dark purple)..........................................2
– Pronotum not as above ...............................................................................8
2 Pronotum atropurpureus ............................................................................3
– Pronotum black ..........................................................................................4
3 From scutellum to middle area of elytra with an irregular brown band, after 

middle with 5 small brownish spots, arranged in two rows as 4:1 ..................
 ................................................................................ G. levifasciata sp. nov.

– Basal area of elytra with one atropurpureus oval spot adjacent to the 
scutellum, middle area of elytra with a transverse atropurpureus stripe and 
subapically with an atropurpureus spot ..................................................
 .......................................................... G. ornatipennis (Duviver, 1885)

4 Antennae black ...........................................................................................5
– Antennae not black .....................................................................................6
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5 Elytra yellowish brown, with a round black spot adjacent to the scutellum, 
middle area of elytra with a transverse black stripe followed by 4 black spots, 
arranged two rows as 3:1 .......................... G. bifasciata Motschulsky, 1860

– Elytra black, with two oblique transverse yellow stripes .................................
 ................................................................G. tenuefasciata Fairmaire, 1888

6 Ventral surface totally black, elytra with three wide subparallel transverse at-
ropurpureus stripes and a rounded atropurpureus spot near apex ..................
 .................................................................G. rubrozonata Fairmaire, 1889

– Ventral surface totally brown or only ventral surface of the thorax black .....7
7 Ventral surface of thorax black, after middle of elytra with a transverse black 

stripe ....................................................................... G. nigrovittata sp. nov.
– Ventral surface of thorax and abdomen totally brown ...................................

 .................................................................... G. nigropicta Fairmaire, 1888
8 Pronotum and ventral surface dark green ............. G. piceusfasciata sp. nov.
– Pronotum not dark green ............................................................................9
9 Pronotum with black spots .......................................................................10
– Pronotum without spots ...........................................................................11
10 Antennae brown except four basal segments orange ......................................

 ....................................................................G. octodecimpunctata sp. nov.
– Antennae yellow ..................................................G. balyi (Duvivier, 1885)
11 Pronotum yellow, ventral surface yellowish brown ....................................12
– Pronotum reddish brown, ventral surface black .........................................13
12 Head black .................................................................G. fortispina sp. nov.
– Head yellow or reddish brown ................................ G. sauteri Chûjô, 1938
13 Elytra yellow, middle area with a transverse black stripe ................................

 .......................................................... G. tricolor Gressitt & Kimoto, 1963
– Elytra yellowish brown, basal area with a slim black stripe, subapically with a 

wide transverse black stripe ................................... G. rufipectoralis sp. nov.

Gallerucida balyi (Duvivier, 1885) (new record)
Fig. 43

Doryida balyi Duvivier, 1885: 394. TL Malaysia: Malacca; TD ISNB
Stethidea fulva Laboissière, 1931: 135
Stethidea maculata Laboissière, 1931: 133 (nec Galerucida maculata Weise, 1912)
Stethidea oranta Laboissière, 1932: 132 (nom. nov. for Stethidea maculata Laboissière, 

nec Weise)
Gallerucida balyi: Kimoto, 1989: 234.

Type material. Paratype: labels: V. Laboissière vid., 1939 / Stethidea / Balyi Duviv. 
/ Type // sec. Weise, Col. Cat. / Junk (78), 1924, p143: / Stethidea / Balyi Duv. // cf. 
Stett. Ent. Zeitung. / XlVI, 1885, p.394 // Type // det. Duvivier. / Doryida / balyi Du-
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viv. // Type // Collect. / Duvivier. (ISNB). Syntype: labels: Doryida / balyi / Duvivier / 
halacca. // SYN-TYPE. // 37 // Baly coll. (NHMUK).

Other material examined. 1♂, China, Guangxi, Longzhou, Sanlian, 350 m, 13-
VI-2000, Wen-Zhu Li, leg. (IZAS).

Distribution. China: Guangxi. India; Myanmar; Thailand; Laos; Vietnam; 
Malaysia: Malacca.

Gallerucida bifasciata Motschulsky, 1861
Fig. 44

Gallerucida bifasciata Motschulsky, 1861: 24. TL Japan; TD MNHN.
Melospila nigromaculata Baly, 1861: 297. Synonymized by Kimoto 1965: 399.
Melospila consociata Baly, 1874: 184. Synonymized by Ogloblin 1936: 354.
Galerucida nigrofasciata Baly, 1879: 453. Synonymized by Gressitt and Kimoto 1963: 722.
Galerucida nigrita Chûjô, 1935: 168. Synonymized by Kimoto 1966: 34.
Galerucida bifasciata nigromaculata Takizawa, 1980: 73. Synonymized by Takizawa 

1985: 10.

Type material. Syntype: labels: Galerucida / bifasciata / Motch. / Type / Japonia // Ex-
Musaeo / E. Harold. (MNHN).

Other material examined (115 spec.). China: Heilongjiang: 1♀, Heilongji-
ang, Jingpo Hu, 6-IX-1970, unknown, leg.; 3♂♂, Heilongjiang, Harbin Shi, 
(20-22)-VI-1955, unknown, leg.; Jinlin: 2♀♀, 1♂, Jilin, Linjiang, 14-V-1955, 
unknown, leg.; Liaoning: 1♂, Liaoning, Qianshan, 15-V-1955, unknown, leg.; 
1♂, Liaoning, Qingyuan, 3-VI-1955, unknown, leg.; Gansu: 3♀♀, 5♂♂, Gansu, 
Huixian, Yuguan, 23-V-1981, unknown, leg.; Hebei: 2♂♂, Hebei, Wuling Moun-
tain, Shizigou [Zishigou], 500 m, 2-VI-1981, Pei-Yu Yu, leg.; 1♂, Hebei, Yu Xian, 
Longquanguan, 3-VIII-1998, Ai-Min Shi et al., leg.; 1♂, Hebei, Wuling Mountain, 
1200–1800 m, 5-VII-1963, Sheng-Qiao Jiang, leg.; Shaanxi: 2♀♀, 1♂, Shaanxi, 
Hua Mountain, 9-VI-1936, unknown, leg.; 1♂, 1♀, Shaanxi, Hua Mountain, 1670 
m, 29-V-1963, Jin-Long Mao, leg.; 1♂, Shaanxi, Hua Mountain, 1000 m, 10-VII-
1972, Shu-Yong Wang, leg.; 1♀,1♂, Shaanxi, Ningxia Xian, Shibazhang, 1150 m, 
28-VI-1999, De-Cheng Yuan, leg.; Henan: 1♀, Henan, Luanchuan, Longyuwan, 
1000–1400 m, 12-VII-1996, Wan-Zhi Cai, leg.; 2♀♀, Henan, Jigong Mountain, 
18-VII-1960, unknown, leg.; 1♂, Henan, Jigong Mountain, 8-VI-1982, unknown, 
leg.; 1♀, Henan, Jigong Mountain, 8-VI-1982, unknown, leg.; 1♂, Henan, Luoy-
ang, 18-VI-1936, unknown, leg.; Jiangsu: 2♂♂, Jiangsu, Nanjing, 6-V-1936, un-
known, leg.; 1♂, Jiangsu, Nanjing, 22-VI-1923, unknown, leg.; Anhui: 1♀, Anhui, 
Jinzhai Xian, Baojiawo, Linchang, 524.5  m, 1-VIII-2021, Zheng-Yu Zhao, leg.; 
Zhejiang: 1♀, Zhejiang, Mogan Mountain, 8-V-1935, unknown, leg.; 3♂♂, Zhe-
jiang, Tianmu Mountain, 300–900 m, 24-VI-1957, unknown, leg.; 1♀, Zhejiang, 
Anji Xian, Longwang Mountain, 450 m, 16-V-1996, Hong Wu, leg.; 1♀, Zhejiang, 
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Anji Xian, Longwang Mountain, 500 m, 17-V-1996, Hong Wu, leg.; 1♀, Zheji-
ang, Anji Xian, Longwang Mountain, 500 m, 12-VI-1996, Xing-Ke Yang, leg.; 1♂, 
Zhejiang, Hangzhou Shi, 12-VI-1954, unknown, leg.; Hubei: 1♂, Hubei, Badong, 
Sanxia, Linchang, 180 m, 27-VI-1993, Wen-Zhu Li, leg.; 2♀♀, Hubei, Zigui Xian, 
Maoping, 80 m, 28-IV-1994, Jian Yao, leg.; 1♀, Hubei, Zigui Xian, Jiulingtou, 
110 m, 1-V-1994, You-Wei Zhang, leg.; 1♀, Hubei, Xingshan, Xiakou, 140 m, 
2-V-1994, You-Wei Zhang, leg.; 1♂, Hubei, Badong, Dongxiangkou, 100 m, 14-
V-1994, Wen-Zhu Li, leg.; 1♂, Hubei, Zigui Xian, Maoping, 170 m, 28-IV-1994, 
Wen-Zhu Li, leg.; 7♀♀, 1♂, Hubei, Zigui Xian, Jiulingtou, 100 m, 13-VI-1993, 
Wen-Zhu Li, leg.; Jiangxi: 1♀, Jiangxi, Yishouyuanqian, 9-V-1959, unknown, leg.; 
Hunan: 1♂, Hunan, Yongshun, Shanmuhe, Linchang, 500 m, 7-VIII-1988, Liu 
Hong, leg.; 1♀, Hunan, Yongshun, Shanmuhe, Linchang, 600 m, 6-VIII-1988, 
Shu-Yong Wang, leg.; 1♂, Hunan, Nanyue, 1300 m, VII-1963, unknown, leg.; 1♀, 
Hunan, Zhangjiajie, 16-VII-1988, Yong-Kun Li, leg.; Fujian: 1♀, Fujian, Jianyang, 
Huangkeng, 290–320 m, 2-IV-1960, Fu-Ji Pu, leg.; 1♀, Fujian, Jianyang, Huang-
keng, 290–320 m, 6-IV-1960, Fu-Ji Pu, leg.; 1♀, Fujian, Jianyang, Huangkeng, 290 
m, 27-III-1960, Sheng-Qiao Jiang, leg.; 1♀, Fujian, Jianyang, Huangkeng, Guilin, 
290–400 m, 5-IV-1960, Sheng-Qiao Jiang, leg.; 1♀, Fujian, Jianyang, Huangkeng, 
Guilin, 290–400 m, 5-IV-1960, Sheng-Qiao Jiang, leg.; 1♀, Fujian, Jianyang, 
Huangkeng, Guilin, 290 m, 10-IV-1960, Sheng-Qiao Jiang, leg.; 1♂, Fujian, Ji-
anyang, Huangkeng, 290–320 m, 6-IV-1960, Fu-Ji Pu, leg.; 1♂, Fujian, Jianyang, 
Huangkeng, 290 m, 2-IV-1960, Fu-Ji Pu, leg.; 1♂, Fujian, Jianyang, Huangkeng, 
Aotou, 950 m, 3-VI-1960, Sheng-Qiao Jiang, leg.; 1♂, Fujian, Jianyang, Huang-
keng, Guilin, 290–320 m, 14-IV-1960, Fu-Ji Pu leg.; 1♀, 2♂♂, Fujian, Jianyang, 
Huangkeng, Guilin, 290 m, 11-IV-1960, Sheng-Qiao Jiang, leg.; Guangxi: 2♀♀, 
1♂, Guangxi, Guilin, 150 m, 20-V-1963, Yong-Shan Shi, leg.; 1♀, 2♂♂, Guangxi, 
Longsheng, Sanmen, 300 m, 31-V-1963, leg.; 5♀♀, 6♂♂, Guangxi, Guilin, 150 
m, 20-V-1963, Yong-Shan Shi, leg.; 2♀♀, Guangxi, Luoxiang, 200 m, 15-V-1985, 
Xue-Zhong Zhang, leg.; Sichuan: 1♀, Sichuan, Emei Mountain, Baoguosi, 3-VI-
1957, Ke-Ren Huang, leg.; 1♀, Sichuan, Emei Mountain, 580 m, 24-VI-1955, 
Tian-rong Huang, leg.; 1♂, Sichuan, Emei Mountain, 580–650 m, 20-VI-1955, 
Bing-rong Ou, leg.; 1♀, 4♂♂, Sichuan, Emei Mountain, 580 m, 24-VI-1955, Tian-
rong Huang, leg.; 2♂♂, Sichuan, Guan Xian, 700–1000 m, 29-IV-1963, Xue-Zhong 
Zhang, leg.; 1♂, Sichuan, Xichang, Zhaojue, 2100 m, VI-1998, Rong-Hua Guo, 
leg.; Guizhou: 1♀, Guizhou, Leishan, Taojiang, 1000 m, 5-VII-1988, Long-Long 
Yang, leg.; 1♂, Guizhou, Leishan, Taojiang, 950 m, 7-VII-1988, Xing-Ke Yang, 
leg.; 1♀, Guizhou, Huaxi, 20-IV-1948, unknown, leg.; 1♀, Guizhou, Maolan, Xi-
aoqikong, 30-V-1998, Liang-Zhang Song, leg.; Yunnan: 1♂, Yunnan, Zhenxiong 
Xian, 1850 m, Jia-Hua Zhen, 11-V-1980, leg. (all IZAS).

Distribution. China: Heilongjiang, Jilin, Liaoning, Gansu, Hebei, Shaanxi, 
Henan, Jiangsu, Anhui, Zhejiang, Hubei, Jiangxi, Hunan, Fujian, Taiwan, Guangxi, 
Sichuan, Guizhou, Yunnan.

Host plants. Reynoutria japonica, Fagopyrum esculentum, Rumex acetosa, Polygonum 
sp., Prunus persica, Rheum officinale, Polygonum multiflorum, Spiraea salicifolia.
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Gallerucida nigropicta Fairmaire, 1888
Fig. 45

Galerucida nigropicta Fairmaire, 1888: 40. TL China: Yunnan; TD MNHN.
Eustetha nigropuncta Fairmaire, 1889: 79. Synonymized by Gressitt and Kimoto 1963: 727.
Galerucida nigropicta fulvicollis Laboissière, 1934: 119. Synonymized by Gressitt and 

Kimoto 1963: 727.
Galerucida nigropuncta: Ogloblin 1936: 362, 442.
Gallerucida nigropicta: Gressitt and Kimoto 1963: 727.

Type material. Syntypes: labels: China, Yunnan // Galerucida / nigropicta / Fairm. 
// Ex-Musaeo / L. Fairmaire / 1893. (MNHN).; China, Yunnan // Ex-Musaeo / L. 
Fairmaire / 1893. (MNHN).

Other material examined (2 spec.). China: Guizhou: 1♂, Guizhou, Guiyang, 
VI-VII-1981; Yunnan: 1♂, Yunnan, Yanjin, Lijiang, Yulong Xueshan, 14-VIII-1979, 
Ling zuo-pei, leg. (all IZAS).

Distribution. China: Gansu, Hubei, Sichuan, Guizhou, Yunnan.
Host plant. Debregeasis sp.

Gallerucida ornatipennis (Duviver, 1885)
Fig. 46

Hylaspes? Ornatipennis Duviver, 1885: 397. TL China; TD ISNB.
Eustetha annulipennis Fairmaire, 1889: 79. Synonymized by Weise 1922: 93.
Eustetha varians Allard, 1891: 233. Synonymized by Kimoto 1989: 238.
Galerucida ornatipennis: Weise 1924: 141.
Galerucida ornatipennis var. decolora Laboissière, 1934: 120. Synonymized by Wilcox 

1971: 205.
Galerucida ornatipennis var. violacea Laboissière, 1934: 120. Synonymized by Wilcox 

1971: 205.
Galerucida ornatipennis ab. Inornana Mader, 1938: 57. Synonymized by Wilcox 1971: 205.
Galerucida ornatipennis ab. Aeneicollis Mader, 1938: 57. Synonymized by Laboissière 

1940: 23 (= var. violacea Laboissière, 1934: 120).
Gallerucida ornatipennis: Gressitt and Kimoto 1963: 728.

Other material examined (43 spec.). China: Guangxi: 1♂, Guangxi, Linyun Xian, Sha-
li, 28-VIII-1980, unknown, leg.; Sichuan: 1♀, Sichuan, Emei Mountain, 10-VI-1955, 
Ke-Ren Huang & Yin-Tao Jin, leg.; 1♀, Sichuan, Emei Mountain, 760 m, 23-VI-1955, 
Jin-Hua Li, leg.; 1♀, Sichuan, Emei Mountain, Baoguosi, 550–750 m, 22-VI-1957, You-
Cai Lu, leg.; 1♀, Sichuan, Emei Mountain, Qinyinge, 800–1000 m, 22-IV-1957, Ke-
Ren Huang, leg.; 1♂, Sichuan, Emei Mountain, 29-VI-1955, Ke-Ren Huang, leg.; 1♂, 
Sichuan, Emei Mountain, 580–1100 m, 21-VI-1955, Yun-Zhen Zi, leg.; 1♂, Sichuan, 
Emei Mountain, 580–650 m, 20-VI-1955, Zhong-Lin Ge, leg.; 1♂, Sichuan, Xichang 
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Xian, 1600 m, 24-IX-1960, Xu-Wu Meng, leg.; Guizhou: 2♀♀, Guizhou, Guiyang, 
Huaxi, 1000 m, 3-VII-2006, De-Yan Ge, leg.; Yunnan: 1♀, Yunnan, Fengqing Xian, 
1500 m, 2-VII-1980, unknown, leg.; 1♀, Yunnan, Jingdong Xian, 1170 m, 28-VI-1956, 
Krejanovsky, leg.; 1♀, Yunnan, Jingdong Xian, Dongjiafen, 1250 m, 26-VI-1956, Kre-
janovsky, leg.; 1♀, Yunnan, Jinping Xian, Mengla, 370 m, 22-IV-1956, Ke-Ren Huang 
et al., leg.; 1♀, Yunnan, Lunan Yizu Zizhixian, Shilin, 1700 m, 9-VII-1956, Krejanovsky, 
leg.; 1♀, Yunnan, Qiubei Xian, 1320 m, 12-VII-1979, Wen-Zheng Hu, leg.; 1♂, Yun-
nan, Jingdong Xian, 1170 m, 27-V-1956, Krejanovsky, leg.; 1♂, Yunnan, Jingdong Xian, 
1170 m, 27-V-1956, Krejanovsky, leg.; 1♂, Yunnan, Jingdong Xian, 1170 m, 2-VII-
1956, Wei Zhang, leg.; 1♂, Yunnan, Jingdong Xian, 1170 m, 7-VI-1956, Wei Zhang, 
leg.;1♂, Yunnan, Jingdong Xian, Dongjiafen, 1250 m, 30-V-1956, Krejanovsky, leg.; 1♂, 
Yunnan, Jingdong Xian, Dongjiafen, 1250 m, 6-VI-1956, Wei Zhang, leg.; 1♂, Yunnan, 
Lu Shui, Laowo, 1670 m, 25-VI-1981, Xue-Zhong Zhang, leg.; 1♂, Yunnan, Lunan Yizu 
Zizhixian, Shilin, 1700 m, 9-VII-1956, Krejanovsky, leg.; 1♂, Yunnan, Wenshan Xian, 
18-VII-1958, unknown, leg.; 2♀♀, Yunnan, Jingdong Xian, 1170 m, 4-VII-1956, Kre-
janovsky, leg.; 2♀♀, Yunnan, Laowo, 1670 m, 25-VI-1981, Shu-Yong Wang, leg.; 2♂♂, 
Yunnan, Jingdong Xian, Dongjiafen, 1250 m, 5-VI-1956, Krejanovsky, leg.; 2♂♂, Yun-
nan, Lunan Yizu Zizhixian, Shilin, 1700 m, 9-VII-1956, Krejanovsky leg.; 3♀♀, 6♂♂, 
Yunnan, Baoshan Xian to Yongping Xian, 28-V-1955, Tian-Rong Huang, leg. (all IZAS).

Distribution. China: Guangxi, Sichuan, Guizhou, Yunnan.

Gallerucida rubrozonata Fairmaire, 1889
Fig. 47

Galerucida rubrozonata Fairmaire, 1889: 75, 79. TL China: Sichuan; TD MNHN.
Galerucida rubrozonata ab. Atronotata Fairmaire, 1889: 76. Synonymized by Labois-

sière 1926: 53.
Gallerucida rubrozonata: Gressitt and Kimoto 1963: 731, fig. 188b.

Type material. Syntype: labels: 701 // MUS. HIST. NAT. / A. DAVID / Moupin 
(Thibet), 1871 // Galerucida rubrozonata Fairm. // Type // Syntype // Syntype / 
Gallerucida / rubrozonata Fairmaire, 1889. (MNHN EC12240).

Other material examined (7 spec.). China: Yunnan: 1♂, Yunnan, Lijiang, 18-
V-1974, leg.; Sichuan: 1♀, Sichuan, Emei Mountain, Jiulaodong, 1800–1900 m, 
19-VIII-1957, Zong-Yuan Wang, leg.; 1♀, Sichuan, Emei Mountain, Jiulaodong, 
1780 m, 18-VIII-1957, You-Cai Lu, leg.; 1♀, Sichuan, Emei Mountain, Xixiangchi, 
1800–2000 m, 8-IX-1957, Ke-Ren Huang, leg.; 1♀, Sichuan, Emei Mountain, Jiulao-
dong, 1800–2000 m, 17-VIII-1957, You-Cai Lu, leg.; 1♀, Sichuan, Emei Mountain, 
Xixiangchi, 1800–2000 m, 22-V-1957, You-Cai Lu, leg.; 1♀, Sichuan, Emei Moun-
tain, Qinyinge, 800–1000 m, 30-V-1957, You-Cai Lu, leg. (all IZAS).

Distribution. China: Sichuan, Yunnan (new record).
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Gallerucida sauteri Chûjô, 1938
Fig. 48

Gallerucida sauteri Chûjô, 1938: 141. TL China: Taiwan; TD SDEI.
Gallerucida quadraticollis Takizawa, 1978: 127. Synonymized by Kimoto and Chu 

1996: 92.

Type material. Syntypes. labels: China, Kankau (Koshun) / Formosa (Taiwan) / H. Sau-
ter V. 1912 // Syntypus // Galerucida / sauteri / Chûjô/ Det. M. Chûjô // DEI Münche-
berg / Col - 09173 / Paralectotypus / Gallerucida sauteri / Chûjô, 1938 / des. C. -F. Lee, 
2017. (SDEI #303336).; China, Koshun / Formosa (Taiwan) / H. Sauter / VIII. 18 // 
Galerucida / sauteri / Chûjô / Det. M. Chûjô // DEI Müncheberg / Col – 09172 // Para-
lectotypus / Gallerucida sauteri / Chûjô, 1938 / des. C. -F. Lee, 2017. (SDEI #303335).

Distribution. China: Taiwan.
Host plant. Tetrastigma formosanum.

Gallerucida tenuefasciata Fairmaire, 1888
Fig. 49

Galerucida tenuefasciata Fairmaire, 1888: 40. TL China: Yunnan; TD MNHN.
Galerucida potanini Ogloblin, 1936: 358, 442, 445, fig. Synonymized by Gressitt and 

Kimoto 1963: 734.
Gallerucida tenuefasciata: Gressitt and Kimoto 1963: 734, fig. 188c.

Type material. Syntype: labels: China, Yunnan // Galerucida / tenuefasciata / Fairm. 
// Ex-Musaeo / L. Fairmaire / 1893. (MNHN).

Distribution. China: Sichuan, Yunnan.

Gallerucida tricolor Gressitt & Kimoto, 1963
Fig. 50

Gallerucida tricolor Gressitt & Kimoto, 1963: 736, fig. TL China: Yunnan; TD 
NHMB.

Type material. holotype: labels: China, prov. Yunnan. / Vallis flumin. / Soling-ho. // 
Holotype ♂ / Gallerucida / tricolor / Gressitt & Kimoto // Museum Frey / Tutzing // 
Galerucida / sp. nov. 2 / tricolor Hole 161 / Det. S. Kimoto. (NHMB)

Other material examined. China: Yunnan: 1♂, Yunnan, Liusheng, Liude, 
2400 m, 18-VIII-1984, Shu-Yong Wang, leg. (IZAS).

Distribution. China: Yunnan.
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Description of new species

Gallerucida fortispina Xu & Yang, sp. nov.
https://zoobank.org/19F245F1-6963-4917-BDEF-A70E0AA8FE26
Figs 1–7

Type material. Holotype. China: ♂, Guangxi, Nape, Nongxin / 1000 m / 12-IV-
1998, Chao-Dong Zhu, leg. (IZAS).

Paratypes. China: 1♂, Guangxi, Nape, Beidou / 550 m / 12- IV-1998, Chun-
Sheng Wu, leg.; 1♂, Guangxi, Nape, Beidou / 550 m / 10-IV-1998, Chao-Dong Zhu, 
leg.; 1♂, Guangxi, Nape, Beidou / 550 m / 10-IV-1998, Tian-Shan Li, leg. (all IZAS).

Description. Length 7.5–8.0 mm, width 4.0–5.0 mm (n = 4, including holotype). 
Holotype length 7.5 mm, width 4.0 mm

Male: Body oval. General color (Figs 1–3) light yellow; first three segments of 
antennae yellowish brown, rest brown; head and scutellum black; basal area and apical 
area of elytra with black bands, epipleura and suture dark brown; meso- and meta- 
sternum, abdomen brown except apical of anterior metasternal process light yellow; 
femora light yellow, tibiae and tarsi brown.

Head distinctly narrower than prothorax; occiput slightly convex, with sparsely 
punctures; frontoclypeus surface smooth; frontal tubercle developed, triangular. An-
tennae longer than 1/2 length of elytra, basal three segments moderately shiny, from 4th 
segment, covered with fine pale hairs; length ratios of antennomeres I–V 1.0: 0.3: 0.3: 
1.1: 0.9, in length 3rd and 2nd segment subequal, 4th segment longest, 5th–11th segment 
subequal. Pronotum transverse, ~ 2.5 × as broad as long; lateral margin subparallel, 
anterior margin concave, anterior corner indistinct, basal margin convex; disc area 
impunctate, middle area with a transverse shallow depression. Anterior metasternal 
process extending obviously beyond the front edge of the meso-coxal cavities, surface 
smooth. Scutellum triangular, smooth and impunctate. Elytra 1.5 × as long as broad, 
lateral margin after half evenly narrowing; disc slightly convex, with fine regular punc-
tures, space between punctures larger than the diameter of puncture; epipleura surface 
smooth. Last sternite of male with distinct trilobite concavities, middle lobate wave-
like (Fig. 4).

Aedeagus almost parallel-sided from base to apex in dorsal view, apex obtuse an-
gled, slightly curved towards ventral side; internal sclerites strong (Figs 5–7), median 
longitudinal sclerite almost reaching apex of aedeagus, with apex enlarged; a pair of 
lateral longitudinal sclerites, converging apically.

Derivatio nominis. The specific epithet fortispina is formed from the Latin ad-
jective fortis (strong) and the Latin noun spina (spine); it refers to the endophallic 
sclerite complex.

Distribution. China: Guangxi.
Diagnosis. Gallerucida fortispina closely resembles G. sauteri Chûjô, but the for-

mer has a larger body size, black head, light yellow impunctate pronotum, irregularly 
punctate elytra, light yellow femora, and metasternal process exceeding mesosternum.
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Gallerucida levifasciata Xu & Nie, sp. nov.
https://zoobank.org/8835C446-57D1-4A27-99F9-6DE40573E9D6
Figs 8–14

Type material. Holotype. China: ♂, Gansu, Gannan / 1992 // unknown, leg. (IZAS).
Paratype. China: 1♂, Gansu, Gannan / 1992 // unknown, leg. (IZAS).
Description. Length 5.5–6.0 mm, width 3.0–3.5 mm (n = 2, including holotype). 

Holotype length 5.5 mm, width 3.0 mm.
Male: Body oval and colorful (Figs 8–10). First three segments of antennae light 

reddish brown, 4th segment brown, remaining segments lost; head, pronotum and 
scutellum atropurpureus with metallic luster; elytra and epipleura yellowish brown, 
elytra with an irregular brown band from scutellum to middle area, and five brown 
spots after middle distributed in two rows, first row arranged four slight slim brown 
strips, second row arranged one round brown spot reaching elytron apical area; suture 

Figures 1–7. Gallerucida fortispina sp. nov. 1 dorsal view (paratype) 2 ventral view (paratype) 3 lateral 
view (paratype) 4 ventral view of 5th ventrite, male (holotype) 5 aedeagus, dorsal view (holotype) 6 ditto, 
lateral view (holotype) 7 ditto, ventral view (holotype). Scale bars: 5 mm (1–3); 1 mm (4–7).
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brown; body ventral surface and femora dark green; apical area of anterior metasternal 
process, tibiae and tarsi dark brown.

Head distinctly narrower than prothorax; occiput concave, with strong sparsely punc-
tures; frontoclypeus triangular, slightly convex, with punctures; frontal tubercle developed. 
Antennae (only basal four segments remain) basal three segments moderately shiny, 4th seg-
ment covered with fine pale hairs; length ratios of segments I–IV 1.0: 0.3: 0.3: 1.7. Prono-
tum transverse, ~ 2.3 × as broad as long, lateral margin rounded, anterior margin concave, 
anterior corner indistinct, basal margin convex, disc area with densely strong punctures. 
Anterior metasternal process reach apex of the mesocoxal cavities, with punctures. Scutel-
lum triangular, slightly rounded apically, with sparsely punctures. Elytra subparallel-sided, 
1.6 × as long as broad; disc slightly convex, two types of irregular punctures in elytra: space 
between smaller punctures smaller than diameter of puncture, epipleura surface smooth. 
Last sternite of male with distinctly light trilobite concavities (Fig. 11).

Aedeagus slight broadened in middle area in dorsal view, apex obtuse angled, 
slightly curved towards ventral side; internal sclerites (Figs 12–14): a pair of lateral 
sclerites shorter and converging in apical area in dorsal view.

Figures 8–14 Gallerucida levifasciata sp nov (holotype) 8 dorsal view 9 ventral view 10 lateral view 
11 ventral view of 5th ventrite, male 12 aedeagus, dorsal view 13 ditto, lateral view 14 ditto, ventral view. 
Scale bars: 5 mm (8–10); 1 mm (11–14).
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Derivatio nominis. The specific epithet levifasciata is formed from the Latin ad-
jectives levis (meaning light) and fasciata (banded); named for the irregular light brown 
band on the elytra adjacent to the scutellum.

Distribution. China: Gansu.
Diagnosis. Gallerucida levifasciata closely resembles G. bifasciata Motschulsky, but 

it can be distinguished from the latter by: ventral surface color, scutellum with punc-
tures and elytra with two types of large and small irregular punctures; G. levifasciata is 
also similar to G. piceusfasciata sp. nov., but the latter has a yellow metasternal process 
apically and basal abdominal sternite.

Gallerucida nigrovittata Xu & Yang, sp. nov.
https://zoobank.org/7823DBE0-689D-4441-981D-A7891E8B21C2
Figs 15–21

Type material. Holotype. China: ♂, Yunnan, Jinping, He-tou-zhai, 2000 m / 10-V-
1956 / Ke-Ren Huang et al., leg. (IZAS).

Paratype. China: 3♂♂, Yunnan, Jinping, He-tou-zhai, 2000 m / 10-V-1956 / 
Ke-Ren Huang et al., leg. (all IZAS).

Description. Length 5.0–5.5 mm, width 3.0–3.5 mm. (n = 4, including holo-
type). Holotype length 5.3 mm, width 3.3 mm.

Male: Body oval. General color (Figs 15–17) black; antennae brown; elytra yellow, 
basal and subapical area of each elytron with transverse black stripe; 1/3 of epipleura 
black, rest yellow-brown; meso- and meta- sternum brown or black; ventral surface of 
abdomen reddish brown; tibiae and tarsi brown or black.

Head narrower than prothorax; occiput distinctly concave, with sparse faint 
punctures; frontoclypeus surface smooth; frontal tubercle developed, nearly square. 
Antennae longer than 1/2 length of elytron, basal three segments moderately shiny, 
from 4th segment, covered with fine pale hairs; length ratios of antennomeres I–V, 
1.0: 0.5: 0.5: 2.0: 1.6, 3rd segment and 2nd segment subequal, 4th segment longest, 
5th-11th segments subequal. Pronotum transverse, ~ 2.2 × as broad as long, lateral 
margin rounded, after middle slight narrow, anterior margin concave, anterior cor-
ner distinct, basal margin convex, disc area with a pair of distinct transverse depres-
sions with strong punctures;anterior metasternal process reaching apex of mesocoxal 
cavities, surface smooth. Scutellum triangular, impunctate. Elytra subparallel-sided, 
1.4 × as long as broad, disc slightly convex, with regular punctures, space between 
punctures larger than diameter of puncture, moderately punctured in rows, ~ 14 
rows across central portion. Last sternite of male with slight trilobite concavi-
ties (Fig. 18).

Aedeagus slightly broadened in the apical area of dorsal view, apex forming dis-
tinct obtuse angle, curved slightly towards ventral side; internal sclerites (Figs 19–21): 
median sclerite longitudinal, slim in apex, reaching to 2/3 length of aedeagus, a pair of 
lateral longitudinal sclerites, convergent apically.
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Derivatio nominis. The specific epithet nigrovittata, is formed from the Latin ad-
jective niger (black) and the Latin adjective vittata (banded) referring to the transverse 
subapical black stripe on the elytron.

Distribution. China: Yunnan.
Diagnosis. Gallerucida nigrovittata closely resembles G. sauteri Chûjô, but the 

former differs in having a black pronotum, brown or blackish brown antennae, brown 
or black meso- and meta- sternum and reddish brown abdomen.

Gallerucida octodecimpunctata Xu & Yang, sp. nov.
https://zoobank.org/651A3EAF-B572-49B0-9E12-E7DC4DC15681
Figs 22–28

Type material. Holotype. China: ♂, Yunnan, Xishuangbanna, Menglun / 550 m // 
15-VII-1959 / Fa-Cai Zhang, leg. (IZAS).

Figures 15–21. Gallerucida nigrovittata sp. nov. 15 dorsal view (holotype) 16 ventral view (holotype) 
17 lateral view (holotype) 18 ventral view of 5th ventrite, male (paratype) 19 aedeagus, dorsal view (paratype) 
20 ditto, lateral view (paratype) 21 ditto, ventral view (paratype). Scale bars: 5 mm (15–17); 1 mm (18–21).
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Paratype. China: 1♂, Yunnan, Yiwuzhen / 650 m // 26-VII-1956 / Fa-Cai Zhang 
leg. (IZAS)

Description. Holotype. Length 7.0 mm, width 4.0 mm.
Male: Body oval. General color (Figs 22–24) red; basal four segments of antennae 

orange, the rest brown; occiput with a black spot near anterior margin of pronotum; 
pronotum with four black spots: middle area of disc with two adjacent longitudinal 
black spots, each side with one round black spot, respectively; elytra with seven round-
ed black spots, distributed in four rows, arrangement for 2: 2: 2: 1, last one situated 
at apical area; middle area of epipleura black, rest red; meso - meta sternum black, 
anterior metasternal process dark red, ventral surface of each visible abdomen except 
the last one with two black spots; 1/2 of tibiae and tarsi black.

Head distinctly narrower than prothorax, occiput concave, with faintly punctures; 
frontoclypeus surface smooth; frontal tubercle developed, square. Antennae shorter 
than 1/2 length of elytra, basal three segments moderately shiny, from 4th segment, 
covered with short pale hairs; length ratios of antennomeres I–V, 1.0: 0.4: 0.3: 1.2: 1.1, 
3rd segment slightly shorter than 2nd segment in length, 5th -11th segments subequal, 

Figures 22–28. Gallerucida octodecimpunctata sp. nov. 22 dorsal view (paratype) 23 ventral view (para-
type) 24 lateral view (paratype) 25 ventral view of 5th ventrite, male (paratype) 26 aedeagus, dorsal view 
(holotype) 27 ditto, lateral view (holotype) 28 ditto, ventral view (holotype). Scale bars: 5 mm (22–24); 
1 mm (25–28).
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the last segment longest. Pronotum transverse, ~ 2.4 × as broad as long, lateral margin 
rounded, anterior margin concave, anterior corner indistinct, basal margin convex, 
disc area with uniformly distributed fine punctures, near lateral margin with shallow 
inclined depression. Anterior metasternal process reaching apex of mesocoxal cavi-
ties, surface smooth, apex square. Scutellum triangular, impunctate. Elytra subparallel-
sided, 1.6 × as long as broad, disc slightly convex, disc with uniformly distributed fine 
punctures, space between punctures larger than the diameter of puncture. Last sternite 
of male with distinctly trilobite concavities (Fig. 25).

Aedeagus almost parallel-sided from base to apex in dorsal view, apex obtusely 
angled, slightly curved towards ventral side; internal sclerites (Figs 26–28): median 
sclerite longitudinal, extending almost to apex of aedeagus, with apex enlarged; a pair 
of lateral longitudinal sclerites, ½ length of median sclerite, convergent apically.

Derivatio nominis. The specific epithet octodecimpunctata, comes from the Latin 
numeral, octodecim- (eighteen) and Latin adjective punctata (spotted); it refers to eight-
een black spots on the pronotum (4) and elytra (14).

Distribution. China: Guangxi.
Diagnosis. This species is similar to Gallerucida balyi (Duvivier), but 

G. octodecimpunctata has brown antennae except the basal segments orange, red femora 
and black distal 1/2 of tibiae, while G. balyi has antennae total yellowish brown and 
femora and tibiae yellow.

Gallerucida piceusfasciata Xu & Yang, sp. nov.
https://zoobank.org/B4EB5AC0-AC8F-41EA-B6BF-C339D4AD58D4
Figs 29–35

Type material. Holotype. China: ♂, Sichuan, Badan / 19-X-1979 // unknown, leg. 
(IZAS).

Paratype. China: ♀, Sichuan, Badan / 19-X-1979 // unknown, leg. (IZAS; destroyed).
Description. Length 6.5–6.8 mm, width 3.8 mm (n = 2, including holotype). 

Holotype length 6.8 mm, width 3.8 mm
Male: Body oval. General color (Figs 29–31) generally dark green with metallic 

luster; first three segments of antennae dark green, rest brown; elytra with four pairs 
of yellow stripes, one pair at elytron humerus, second pair transverse stripe with ver-
tical extension located in 1/3 elytron, near suture, third pair at middle area forming 
irregular waved stripes, last pair subapical forming a circle; epipleuron yellow; apical of 
anterior metasternal process and first visible abdomen sternite yellowish brown; tibiae 
and tarsi brown.

Head distinctly narrower than prothorax, occiput and frontoclypeus with strong 
punctures and distinct hairs, frontal tubercle developed. Antennae reaching 1/2 length 
of elytron, basal three segments with long hairs, remaining segments covered with 
short pale hairs; length ratios of antennomeres I–V, 1.0: 0.5: 0.5: 1.6: 1.5, 3rd and 2nd 
segment subequal in length, length from 4th segment decreased gradually. Pronotum 
transverse, ~ 1.8 × as broad as long, lateral margin rounded, anterior margin concave 
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with dense setae, anterior corner distinct, basal margin convex, posterior corner dis-
tinct, disc area with densely strong punctures. Anterior metasternal process not reach-
ing apex of mesocoxal cavities, surface smooth, sides with hairs. Scutellum triangular, 
rounded apically, with faint punctures. Elytra subparallel-sided, 1.4 × as long as broad, 
disc slightly convex, with irregular punctures in two sizes, space between smaller punc-
tures little larger the diameter of punctures, space between larger punctures smaller the 
diameter of punctures. Last sternite of male with shallow trilobite concavities (Fig. 32).

Aedeagus almost parallel-sided from base to apex in dorsal view, apex obtuse an-
gled, slightly curved towards ventral side; internal sclerites (Figs 33–35): median scler-
ite longitudinal, slight longer than lateral sclerites in length, apically bending; a pair of 
lateral sclerites close to each other at apical area.

Derivatio nominis. The specific epithet piceusfasciata, is formed from the Latin 
adjectives, piceus (dark green) and fasciata (banded); referring to the elytra being gen-
eral dark green with yellow bands.

Figures 29–35. Gallerucida piceusfasciata sp. nov. (holotype) 29 dorsal view 30 ventral view 31 lateral 
view 32 ventral view of 5th ventrite, male 33 aedeagus, dorsal view 34 ditto, lateral view 35 ditto, ventral 
view. Scale bars: 5 mm (29–31); 1 mm (32–35).
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Distribution. China: Sichuan.
Diagnosis. This species is similar to Gallerucida bifasciata Motschulsky. The main 

differences are the following: G. piceusfasciata has subequal 2nd and 3rd antennal seg-
ments, sparsely punctured scutellum, and two types of large and small irregular punc-
tures on the elytra.

Gallerucida rufipectoralis Xu & Nie, sp. nov.
https://zoobank.org/59B59699-ABBD-4DE1-B5E2-F1524C4131CA
Figs 36–42

Type material. Holotype. China: ♂, Yunnan, Lushui / Laochuang, 2430 m // 19-VI-
1981 / Shu-Yong Wang, leg. (IZAS).

Paratypes. China: 3♂♂, Yunnan, Lushui / Laochuang, 2430 m // 19-VI-1981 
/ Shu-Yong Wang, leg.; 1♂, Yunnan, Yunlongxian / Zhibenshan, 2250 m // 21-VI-
1981 / Shu-Yong Wang, leg.; 1♂, Yunnan, Yunlongxian / Zhibenshan, 2550 m // 22-
VI-1981 / Shu-Yong Wang, leg.; 1♂, Yunnan, Yunlongxian / Zhibenshan, 2550 m // 
22-VI-1981 / Su-Bai Liao, leg. (all IZAS).

Description. Length 5.0–5.5 mm, width 3.0–4.0 mm (n = 7, including holotype). 
Holotype length 5.3 mm, width 3.1 mm.

Male: Body oval. General color (Figs 36–38) black; the first three antennal seg-
ments light reddish brown, rest brown; pronotum reddish brown; elytra yellowish 
brown, basal area of elytra with a gradually blurred black band, subapically with a 
transverse black stripe; epipleura black; femora dark brown, tibiae and tarsi brown.

Head distinctly narrower than prothorax, occiput sparsely punctures, with a 
transverse depression; frontoclypeus slightly convex, triangular, with sparsely punc-
tures; frontal tubercle developed, rounded. Antennae longer than 1/2 length of 
elytron, basal three segments moderately shiny, from 4th segment, covered with fine 
pale hairs; length ratios of antennomeres I–V, 1.0: 0.5: 0.5: 1.6: 1.2, 3rd and 2nd seg-
ment subequal in length, 4th segment longest, 5th -11th segments subequal. Pronotum 
transverse, approximately twice as broad as long, lateral margin subparallel, anterior 
margin concave, anterior corner indistinct, basal margin convex, disc area with sparse 
strong punctures and two shallow transverse depressions. Anterior metasternal pro-
cess not reaching apex of mesocoxal cavities, surface with punctures. Scutellum tri-
angular, surface smooth. Elytra subparallel-sided, 1.6 × as long as broad, disc slightly 
convex, with regular punctures in nearly 18 rows, space between punctures larger 
than the diameter of puncture. Last sternite of male with shallow trilobite concavi-
ties (Fig. 39).

Aedeagus expanded at 1/2 and 2/3 distance between base to apex, apex sharp in 
dorsal view, distinctly curved towards ventral side; internal sclerites (Figs 40–42), a pair 
of sclerites bending apically.

Derivatio nominis. The specific epithet rufipectoralis, is formed from the Latin 
adjectives rufus (red) and pectoralis (thorax) referring to the pronotum reddish brown.

Distribution. China: Yunnan.
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Diagnosis. Gallerucida rufipectoralis closely resembles G. sauteri Chûjô, but the 
former has dark brown femora, black head and ventral surface, subequal 3rd and 2nd 
segments of the antennae, and punctured pronotum depression.

Aplosonyx gansuica (Chen, 1942), comb. nov.
Fig. 51

Galerucida gansuica Chen, 1942: 38. TL China: Gansu; TD IZAS.
Gallerucida gansuica: Gressitt and Kimoto 1963: 724, fig. 188a.

Type material. Holotype: labels: China, Gansu / 18-V-1919 // Holotype // IOZ 
215680 // Galerucida gansuica / Chen S-H. (IZAS).

Distribution. China: Gansu, Hubei, Sichuan, Guizhou.

Figures 36–42. Gallerucida rufipectoralis sp. nov. 36 dorsal view (holotype) 37 ventral view (holotype) 
38 lateral view (holotype) 39 ventral view of 5th ventrite, male (paratype) 40 aedeagus, dorsal view (paratype) 
41 ditto, lateral view (paratype) 42 ditto, ventral view (paratype). Scale bars: 5 mm (36–38); 1 mm (39–42).
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Figures 43–51. Habitus. 43 G. balyi (Paratype, ISNB) 44 G. bifasciata (Syntype, MNHN) 
45 G. nigropicta (Syntype, MNHN) 46 G. ornatipennis (identified species) 47 G. rubrozonata (Syntype, 
MNHN) 48 G. sauteri (Syntype, SDEI) 49 G. tenuefasciata (Syntype, MNHN) 50 G. tricolor (Holotype, 
NHMB) 51 Aplosonyx ganuica (Holotype, IZAS). Scale bars: 1 mm.
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Abstract
The translocation of wild animal species became a common practice worldwide to re-establish local popu-
lations threatened with extinction. Archaeological data confirm that chamois once lived in the Biokovo 
Mountain but, prior to their reintroduction in the 1960s, there was no written evidence of their recent 
existence in the area. The population was reintroduced in the period 1964–1969, when 48 individuals of 
Balkan chamois from the neighbouring mountains in Bosnia and Herzegovina were released. The main 
objective of this study was to determine the accuracy of the existing historical data on the origin of the 
Balkan chamois population from the Biokovo Mountain and to assess the genetic diversity and population 
structure of the source and translocated populations 56 years after reintroduction. Sixteen microsatellite 
loci were used to analyse the genetic structure of three source chamois populations from Prenj, Čvrsnica 
and Čabulja Mountains and from Biokovo Mountain. Both STRUCTURE and GENELAND analyses 
showed a clear separation of the reintroduced population on Biokovo from Prenj’s chamois and consid-
erable genetic similarity between the Biokovo population and the Čvrsnica-Čabulja population. This 
suggests that the current genetic composition of the Biokovo population does not derive exclusively from 
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Prenj, as suggested by the available literature and personal interviews, but also from Čvrsnica and Čabulja. 
GENELAND analysis recognised the Balkan chamois from Prenj as a separate cluster, distinct from the 
populations of Čvrsnica and Čabulja. Our results thus highlight the need to implement genetic monitor-
ing of both reintroduced and source populations of endangered Balkan chamois to inform sustainable 
management and conservation strategies in order to maximise the chances of population persistence.

Keywords
Biokovo, genetic structure, microsatellite, Prenj, translocation

Introduction

The reintroduction and translocation of wild species for various purposes became a 
common practice worldwide and was used as a conservation tool for rescuing and re-
establishing extirpated populations (Cullingham and Moehrenschlager 2013). North-
ern chamois (Rupicapra rupicapra L.) is one of the examples of successfully translo-
cated species (Apollonio et al. 2014) in many areas of Europe (Crestanello et al. 2009; 
Martínková et al. 2012; Šprem and Buzan 2016), but also on other continents such as 
South America (Corlatti et al. 2011) and New Zealand (Christie 1964). Past transloca-
tions of chamois left a genetic signature in recent populations which can be now used 
for reconstructing undocumented events (Crestanello et al. 2009).

Today’s populations of the Northern chamois in northern Dinaric Mountains in 
Croatia are descendants of successfully translocated individuals captured on moun-
tain areas in Bosnia and Herzegovina (Rupicapra rupicapra balcanica) and Slovenia 
(Rupicapra rupicapra rupicapra) (Apollonio et al. 2014; Šprem and Buzan 2016). Since 
different subspecies were involved in past reintroduction efforts, a contact zone was 
formed on the northern Velebit Mountains where these subspecies hybridise (Šprem 
and Buzan 2016).

The Balkan chamois (Rupicapra rupicapra balcanica) is one of the seven recog-
nised subspecies of the Northern chamois. It is found both in the mountainous 
regions of Croatia and in the mountain ranges of the eight other countries of the 
Balkan Peninsula, from north to south: Bosnia and Herzegovina, Serbia, Montene-
gro, Kosovo, North Macedonia, Albania, Bulgaria, and Greece. The lack of conti-
nuity of these habitats and overhunting in the post-Neolithic period have severely 
fragmented the subspecies’ present distribution (Corlatti et al. 2022). In addition 
to low colonisation rates and reduced gene flow between isolated populations, 
which may lead to genetic differentiation due to the inbreeding effect and loss of 
allelic variants, the Balkan chamois is threatened by poaching (Papaioannou and 
Kati 2007), habitat change (Kavčić et al. 2019), unsustainable hunting (Šprem and 
Buzan 2016) and by the introduction of Alpine chamois subspecies (Iacolina et al. 
2019). As a conservation measure, the Balkan chamois is listed in Annexes II and 
IV of the European Union Habitats Directive 92/43/EEC (OJ L 206, 22.7.1992) 
and in Appendix III of the Bern Convention (OJ L 38, 10.2.1982). The Balkan 
chamois is one of the most poorly studied subspecies of Northern chamois and 
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knowledge on the genetic diversity and structure of the Balkan chamois popula-
tion is limited and restricted to regional-local studies (Markov et al. 2016; Šprem 
and Buzan 2016; Papaioannou et al. 2019; Rezić et al. 2022).

The genetic structure of the Balkan chamois population on the Biokovo has been 
studied only by Šprem and Buzan (2016), and few other ecological studies have 
included this population in a population density estimation (Kavčić et al. 2021a) 
and rutting behaviour (Kavčić et al. 2021b). The study of phylogenetic relationships 
in Šprem and Buzan (2016) revealed the existence of endemic Balkan haplotypes 
in the Prenj and Biokovo Mountains and a genetic richness of the historically vi-
able Prenj population comparable to Alpine chamois studied in Buzan et al. (2013) 
from the south-eastern Alps. The paleontological findings in the Baba cave, which 
are more than ten thousand years old, confirm that chamois once lived in Biokovo 
(Šabić 2011) but, before the reintroduction in the 1960s, there was no written evi-
dence of the recent existence of chamois in this area. According to historical records, 
the chamois on Biokovo Mt. are descendants of individuals translocated from the 
“Prenj” hunting district in Bosnia and Herzegovina established in 1961 (Rapaić and 
Kunovac 2020) which included both Prenj and Čvrsnica massifs. This hunting dis-
trict had, at that time, stable and numerous chamois populations and was used for 
many reintroduction programmes in the Balkans (Rapaić and Kunovac 2020). The 
reintroduction of chamois on Biokovo Mt. was the result of the planned introduction 
on this area by the Union of Hunting Association, the municipality of Makarska and 
the Union of Hunting Association of Imotski, mainly with the aim of increasing the 
population size for hunting purposes (Šabić 2011). Prior to the reintroduction from 
the “Prenj” hunting district, assessment of the suitability of the Biokovo habitat was 
made and, after a positive evaluation, a first release of 7 individuals (3 males and 4 
females) took place on 1 November 1964 (Šabić 2014). A total of 48 chamois was 
successfully reintroduced in the period between 1 November 1964 and 23 October 
1969 (Šabić 2014). The success of the reintroduction of the Balkan chamois in the 
Biokovo Mt. is reflected by the latest population size estimate (Kavčić et al. 2021a), 
according to which this area is now inhabited by at least 600 individuals.

The main objective of this study was to determine the accuracy of historical data 
on the origin of chamois in Biokovo, and to assess and document the genetic status of 
both the source and translocated populations, 56 years after reintroduction, by using 
microsatellite markers.

Materials and methods

Ethical statement

All samples used in this study were from hunted (regular hunting activities approved 
by the competent Ministry of Agriculture of the Republic of Croatia within the annual 
game management plans) and from remains of naturally dead animals (samples from 
Bosnia and Herzegovina).
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Population sampling

We collected 20 samples from Biokovo and 29 samples from three areas which serve 
as source populations for reintroduction and possible recent recolonisation (Prenj, 
Čvrsnica, and Čabulja Mountains). Details of sampling locations are given in Fig. 1 
and Table 1. The samples were collected between 2017 and 2020. After collection, the 
samples were preserved in 96% ethanol, delivered and stored at -80 °C in the Labora-
tory of molecular ecology, University of Primorska.

Figure 1. Results of the analysis of sixteen microsatellite loci in four Balkan chamois populations a geo-
graphical representation of results from STRUCTURE and GENELAND software. The pie charts show 
the results from STRUCTURE for K = 3. The different colours of the pie charts represent the propor-
tions of each ancestral genotype per individual q (in %) in each of the four predefined Balkan chamois 
populations. The size of the pie charts indicates the number of samples collected at each location. The 
different shapes and colours of the chamois silhouettes represent the results of the spatial analysis under 
uncorrelated frequency model performed in GENELAND. The three spatial clusters are shown, while the 
assignment to the fourth ghost cluster was not shown because no individuals were assigned to it (see text 
for details). The dashed line indicates the national border, while the state road M17 in Bosnia and Herze-
govina is marked with an orange line. The green lines represent connections with other main roads. The 
course of the river Neretva is marked by a blue line b genetic structure of the 49 Balkan chamois individu-
als analysed, shown as a bar plot from STRUCTURE at K = 3. Each vertical bar represents an individual, 
and the percentage of each colour corresponds to the percentage of the respective ancestral genotype. The 
studied populations are separated by a black line.
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DNA extraction and microsatellite amplification

We extracted DNA from tissue samples (N = 49) using the commercial peqGOLD Tis-
sue DNA Mini Kit (PEQLAB Biotechnologie GmbH) following the manufacturer´s 
protocol in a final volume of 150 μL. DNA concentrations were measured with Qubit 
dsDNA BR Assay Kit (Invitrogen BR Assay Kit, Carlsbad, CA, USA) on a 3.0 Qu-
bit Fluorimeter (Life Technologies, Carlsbad, CA, USA). Sixteen microsatellites were 
amplified using PCR multiplex sets previously investigated in studies with chamois 
(Zemanová et al. 2011; Buzan et al. 2013; Šprem and Buzan 2016; see Suppl. material 
1: Table S1). The PCR protocol described in Rezić et al. (2022) was used for amplifica-
tion of microsatellite regions. Genotyping errors were assessed by re-genotyping of ten 
randomly chosen individuals from the final data set and comparing these genotypes to 
the initial ones. Fragment analysis was performed on an ABI 3130 Genetic Analyzer 
(Applied Biosystems) using the GeneScan LIZ500 (-250) Size Standard (Applied Bio-
systems). Microsatellite genotypes were analysed using Gene Mapper v. 4.0 software 
(Applied Biosystems).

Microsatellite data analysis

We used the Expectation-Maximization (EM) algorithm implemented in FREENA 
(Chapuis and Estoup 2007) to estimate null allele frequencies for each microsatel-
lite locus, as they can cause significant heterozygote deficit and population deviation 
from Hardy-Weinberg equilibrium (HWE). Values of null allele frequency greater than 
r ≥ 0.20 were reported (see Suppl. material 1: Table S2). FREENA software was also 
used to calculate global FST values and FST values for each pair of analysed populations, 
both with and without the use of the excluding null alleles (ENA) correction method, 
as described in Chapuis and Estoup (2007). The Wilcoxon Two Sample test was used 
to compare the corrected FST values with the original FST values and to test the signifi-

Table 1. Genetic diversity of four Balkan chamois populations assessed using sixteen microsatellite loci.

Population locality/ 
country

N HO 
(SD)

HE 
(SD)

HWE FIS (IC 95%) A AR Npr Ne (IC 95%)

Prenj 43°32'03"N, 
17°54'12"E/BIH

12 0.636 
(0.274)

0.637 
(0.150)

0.013* 0.046  
(-0.147–0.116)

4.500 2.517 11 10.500  
(6.500–18.600)

Čvrsnica 43°38'18"N, 
17°38'30"E/BIH

12 0.552 
(0.287)

0.536 
(0.206)

0.011NS 0.014  
(-0.131–0.038)

3.937 2.223 3 7.700  
(4.100–13.600)

Čabulja 43°29'11"N, 
17°37'20"E/BIH

5 0.575 
(0.251)

0.535 
(0.187)

0.913NS 0.059  
(-0.415–0.089)

3.375 2.376 2 –

Biokovo 43°19'47"N, 
17°63'05"E/HRV

20 0.584 
(0.132)

0.597 
(0.138)

0.389NS 0.048  
(-0.050–0.084)

4.625 2.356 6 57.200  
(28.600–371.800)

BIH – Bosnia and Herzegovina, HRV – Croatia; N – number of samples; HO – observed heterozygosity; HE – expected 
heterozygosity; SD – standard deviation; FIS – inbreeding coefficient; IC 95% – 95% Confidence Interval; HWE 
– Hardy-Weinberg equilibrium (after Bonferroni adjustment p values: NS – non-significant value; * – significant at 
p < 0.05); A – average number of alleles; AR – allelic richness; Npr – number of private alleles; Ne – effective population 
size and its confidence interval estimated with the chi-square (i.e., parametric).
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cance of null alleles in the analyses. The Wilcoxon Two Sample test was performed in 
R ver. 4.0.5 package stats (R Core Team 2020).

We considered each sampling location as a separate population due to limited dis-
persal of subspecies between mountain ranges (see Table 1). The exact probability test 
for each locus and population was used to test the deviation of the observed genotype 
frequency from HWE using the Markov chain method with 10,000 dememorisation 
steps, 500 batches and 10,000 subsequent iterations in GENEPOP ver. 4.7.2 (Rousset 
2008). The same test, based on a Markov chain method implemented in Genepop, 
was used to analyse pairwise linkage disequilibrium (LD) between all pairs of loci in 
all populations. A sequential Bonferroni procedure (Holm 1979) was applied to cor-
rect for the effect of multiple comparison tests by using the adjust p-values function 
implemented in R ver. 4.0.5 package stats.

GENETIX ver. 4.05.2 (Belkhir et al. 1996–2004) was used to calculate the mean 
number of alleles, observed (HO) and expected (HE; Nei 1978) heterozygosity for each 
locus in all populations, and the inbreeding coefficient (FIS) and its confidence in-
tervals. The number of private alleles was estimated using the GENALEX ver. 6.502 
(Peakall and Smouse 2012). We estimated allele richness in each population using the 
rarefaction procedure implemented in FSTAT ver. 2.9.3.2 (Goudet 2001). The same 
software was used to analyse the level of genetic differentiation between sampling pop-
ulations (pairwise FST) and calculate their respective p-values using 1000 permutations.

The Bayesian clustering program STRUCTURE ver. 2.3.4. (Pritchard et al. 2000) 
was used to estimate the most likely number of ancestral genotypes (K) within the entire 
sample, and to estimate the proportions of each ancestral genotype in Balkan chamois 
individuals. We ran the analysis allowing for admixture and correlated allele frequency 
with ten independent runs for each K between 1 and 7 with a burn-in 500,000 steps 
followed by 105 Markov chain Monte Carlo (MCMC) iterations. The results of the re-
peated runs for each value of K were combined with the Greedy algorithm in CLUMPP 
v. 1.1.2 (Jakobsson and Rosenberg 2007), and the summary outputs were visualised 
with DISTRUCT v. 1.1 (Rosenberg 2004). To estimate the most likely K, we applied 
the ad hoc summary statistic ∆K developed by Evanno et al. (2005). STRUCTURE 
HARVESTER (Earl and vonHoldt 2012) was used to compare the average estimates of 
the likelihood of the data, ln[Pr(X|K)] for each value of K. The same software was used 
to generate graphs for the mean log posterior probability of the data (mean ± SD).

The modal proportions of ancestral genotypes for each individual in each sampled 
area from the run with the highest log-likelihoods was plotted on a map using QGIS 
ver. 2.18.21 (QGIS Development Team 2018). We estimated the effective population 
size (Ne) using the linkage disequilibrium-based method (Hill 1981; Waples 2006; 
Waples and Do 2010) implemented in NeESTIMATOR V2 (Do et al. 2014). Rare 
alleles below an allele frequency of 0.02 were excluded (as recommended by Waples 
and Do 2010). The effective population size for Čabulja Mt. was not calculated due to 
the small sample size.

The robustness of the results of STRUCTURE was estimated by analysing the 
same data with the spatial Bayesian clustering model implemented in GENELAND 
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software (Guillot et al. 2005a). Although there are several Bayesian clustering meth-
ods that perform spatial analysis of genetic data, GENELAND was chosen because it 
provides the most accurate estimates of true genetic structure (Safner et al. 2011). We 
followed the recommendations of Guillot et al. (2005a) to set up the analysis. The al-
gorithm was run in two steps. In the first step, the algorithm was run ten times to infer 
K under the uncorrelated frequency model, with the parameter indicating the degree of 
uncertainty of the spatial coordinates set to 10. The MCMC iterations were set to 106 
with a thinning of 100. The number of populations was set from K = 1 to K = 5. The 
maximum number of nuclei in the Poisson-Voronoi tessellation was set to 300. After 
determining the number of population clusters in the first step, we ran the algorithm 
setting K to this number and leaving the other parameters as in the first step.

Results and discussion

The sixteen microsatellite loci yielded a total of 95 alleles, which varied between 2 (for 
locus ETH10 and SR-CRSP-6) and 10 (for locus BM1258) with an average value of 
5.937 alleles per locus (see Suppl. material 1: Table S1).

The values of null allele frequencies were low for most analysed loci, except for loci 
ETH10, SY434, TGLA53, and SR-CRSP-6, whose frequencies were estimated to be 
r ≥ 0.20 (see Suppl. material 1: Table S2). The presence of null alleles was found in all 
three populations from Bosnia and Herzegovina. The various factors caused by natu-
ral population mechanisms, such as disassortative mating, bottleneck, fluctuations in 
population size, can cause heterozygote deficit that can be interpreted as false positive 
presence of null alleles (Dąbrowski et al. 2014), which led to the decision to retain all 
analysed loci.

The Prenj population deviated from Hardy-Weinberg equilibrium (HWE) but the 
deviation was significant at the 0.05 level only for locus SY434 after applying sequen-
tial Bonferroni adjustment (Table 1). This may be a consequence of the recent severe 
bottleneck in this population, which was previously stable. Gafić and Džeko (2009) 
noted that the population of Balkan chamois in the Prenj hunting district, which 
included both the Prenj and Čvrsnica massifs, was approximately 4,000 individuals 
in 1966, but due to the civil war in the 1990s, the population was greatly reduced by 
illegal hunting, with up to 95% of the population lost. Since no deviation from HWE 
was observed at this locus in other populations, we retained it in all subsequent analy-
ses. After applying the sequential Bonferroni correction to the linkage disequilibrium 
results, no significant value was observed.

The Prenj population had the highest values of observed (0.636) and expected 
(0.637) heterozygosity, and allelic richness (2.517). A similar pattern was recorded 
in the study of Šprem and Buzan (2016) where the Prenj population had the highest 
values of allelic richness, observed, and expected heterozygosity and significantly devi-
ated from HWE. In the Šprem and Buzan (2016) study, the Biokovo population had 
the lowest allelic richness. The observed number of alleles (A) varied from 3.375 in the 
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Čabulja population to 4.625 in the Biokovo population. All populations had private 
alleles (Npr) and the highest number of private alleles (11) was observed in the Prenj 
population from Bosnia and Herzegovina (Table 1).

Effective population size was estimated for three sampled sites, excluding the 
Čabulja population due to small sample size (Table 1). Čvrsnica had the lowest results 
for Ne, although very similar to those estimated for Prenj. The higher estimates for 
the Biokovo population should be taken with caution, considering our results suggest 
the presence of multiple funding sources. Additionally, Do et al. (2014) showed that 
microsatellite loci could lead to a slight upward bias for the linkage disequilibrium 
method when the critical value is set to p = 0.02.

The lowest FST value was found between Čvrsnica and Čabulja (FST = 0.024), while 
the highest and significant FST value (0.084) was observed between two neighbouring 
populations from Bosnia and Herzegovina (Prenj and Čvrsnica; Table 2). The global 
FST values were 0.067 (CI = 0.031–0.108) without using the correction method and 
0.071 (CI = 0.038–0.112) with the ENA correction method for null alleles. The Wil-
coxon Two Sample test showed no significant differences between the corrected and 
original FST values (p = 0.734), indicating that the presence of putative null alleles did 
not affect the analysis (see Suppl. material 1: Fig. S1).

The algorithm developed by Evanno et al. (2005) identified K = 3 as the optimal 
number of ancestral genotypes detected by STRUCTURE analysis for four analysed 
populations and detected another peak at K = 5 suggesting a possible further genetic 
structure subdivision within the populations (see Suppl. material 1: Fig. S2). Accord-
ing to STRUCTURE results, populations from Prenj, Čvrsnica, and Biokovo had high 
proportions of genomes from a single ancestral genotype (q ≥ 0.88 in all three popula-
tions), which for Prenj differ from Čvrsnica and Biokovo, while in the population from 
Čabulja the highest proportion of same ancestral genotype as in Čvrsnica was lower 
(q = 0.63; Fig. 1a). The difference in genetic composition between Balkan chamois 
from Prenj and other populations is likely due to a barrier to gene flow between the 
studied populations, but also probably a consequence of recent bottleneck effect, due 
to extirpation of chamois during the Balkan civil war (Frković 2008) and population 
local adaptation. Čvrsnica, Čabulja, and Prenj Mts. are restricted to habitat patches, 
particularly by the steep river canyon of Neretva, which might lead to their fine-scale 
fragmentation. The Neretva River, one of the largest rivers in the eastern part of the 
Adriatic Basin, separates the Prenj Mt. from the Čvrsnica and Čabulja Mts. and forms 
the official border between the “Čvrsnica” and “Prenj” game reserves (Jurić 1998). 
Landscape features of the Neretva River valley, as well as the adjacent road M17, built 

Table 2. Pairwise FST values between four studied populations of Balkan chamois.

Populations Čvrsnica Čabulja Biokovo
Prenj 0.084* 0.047NS 0.074*
Čvrsnica 0.024NS 0.072*
Čabulja 0.027NS

p values: NS – non – significant value; * - significant at p < 0.05.



Genetic diversity of reintroduced Balkan chamois 65

as a part of the European Route E73, can act as effective barriers for the species natural 
dispersal, and hinder gene exchange between the studied populations (Soglia et al. 
2010; Buzan et al. 2013). Additionally, the population decline in the last Balkan civil 
war could have contributed by isolating small groups of chamois to restricted habitat 
patches, although geographically very close to each other. Individual proportions of 
ancestral genotypes assigned by STRUCTURE support the higher levels of admixture 
in Čabulja when compared to the other populations (Fig. 1b). According to the q 
values, only one individual from Čabulja had a q value above the threshold of 0.75 
sharing similar genotype as individuals from the Čvrsnica population, while all oth-
ers had admixed genotype (q < 0.70). One individual from Čvrsnica stood out from 
the others with a q = 0.23 proportion of ancestral genotype that was present mostly 
in Prenj population. As previously mentioned, natural migration between individuals 
from Prenj and Čvrsnica is currently unlikely, due to the presence of barriers, however 
this might not have been the case before the construction of the road infrastructure. 
STRUCTURE indicated that the reintroduced Balkan chamois population in the 
Biokovo Mt. is genetically more similar to the population from Čabulja, suggesting 
that the reintroduced individuals in the Biokovo Mt. may originate from this area, as 
well as from Čvrsnica, whereas animals translocated from Prenj did not leave detect-
able genetic signatures. According to Jurić (1998), 992 individuals of Balkan chamois 
were counted in the Čvrsnica hunting ground which also includes the territories of 
the neighbouring Čabulja Mt. It is possible that populations Čvrsnica and Čabulja 
were connected in the past and formed a single population, as can be inferred from the 
results of STRUCTURE. Due to the civil war in the Balkans in the 1990s and contin-
ued illegal hunting and poaching, this single population has dwindled in numbers and 
become fragmented and isolated in the high mountain habitats (statements of local 
people). The divergence between Prenj and Biokovo from Čvrsnica and Čabulja popu-
lations may be due to the historical founder effect and more recent genetic drift due to 
isolation, and local adaptation. Despite decades of long unsustainable hunting, preda-
tion, poaching and natural events (Šprem and Buzan 2016) the inbreeding levels in the 
analysed populations are still moderate. The results of genetic composition of Biokovo 
population can influence population viability through time and it is very important to 
monitor genetic parameters of the reintroduced population to prevent a loss of genetic 
diversity due to inbreeding and genetic drift (DeMay et al. 2017).

To improve the previous analyses, the spatial context of individuals was taken 
into consideration and tested with GENELAND. This analysis revealed a similar 
pattern of clustering of individuals as STRUCTURE, but suggested an additional 
fourth spatial cluster along the MCMC chain (see Suppl. material 1: Fig. S3). 
GENELAND detected two spatial clusters among the three analysed populations 
in Bosnia and Herzegovina, while one spatial cluster corresponded to the popu-
lation in Biokovo (Fig. 1). The distinction between Prenj and Biokovo was also 
detected by Šprem and Buzan (2016), who used the BAPs algorithm for spatial 
clustering of groups and showed the separation of the Balkan chamois population 
of the Prenj Mt. from the Biokovo Mt. population. The fourth cluster revealed by 
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GENELAND spatial model was a so-called “ghost cluster” (Frantz et al. 2009) 
since no individual was assigned to it. Ghost clusters are not uncommon but are 
still a poorly understood phenomenon that can be caused by a heterogeneous dis-
tribution of samples (Aziz et al. 2018). It is possible that all the clusters identified 
by GENELAND represent a true genetic subdivision, but the degree of differen-
tiation between them was too low for the clustering to be consistent (Frantz et al. 
2009). Another possibility is that the GENELAND model might overestimate the 
number of genetic clusters when analysing populations which are affected by isola-
tion by distance (Frantz et al. 2009).

Future studies will need to incorporate non-invasive genetic sampling, telemetry 
and behavioural patterns to confirm possible migration and gene flow between these 
populations. In the available literature there is no indication of the exact location 
where the animals released on Biokovo were caught. It is only known that the indi-
viduals came from the Prenj hunting district, which included two game reserves called 
“Čvrsnica” and “Prenj” (established in 1893 by the Austro-Hungarian Empire) and 
which were declared protected areas (Rapaić and Kunovac 2020). Jurić (1998) stated 
in his master’s thesis that the translocation of Balkan chamois from the game reserve 
“Čvrsnica” began in 1962 and lasted until 1970. During this period, a total of 101 
Balkan chamois was translocated to different areas in the Balkans, but the author did 
not write any additional information about the location where the animals were caught 
or the places where they were translocated. It is not yet known whether these data exist. 
Therefore, it is very important to establish standards for documenting and monitoring 
species translocation projects.

Conclusions

Non-invasive monitoring of genetic parameters of both reintroduced and source pop-
ulations of endangered Balkan chamois, together with demographic monitoring, is 
crucial for sustainable management practices and improving conservation strategies 
to maximise the chances of population persistence. Our genetic diversity results show 
that the Balkan chamois population from Biokovo can serve as a potential source for 
future translocations, especially to the source habitats, Čvrsnica and Čabulja, that are 
currently threatened by loss of genetic diversity due to unsustainable hunting and 
poaching, leading to inbreeding and genetic drift.
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Introduction

Some of the largest braconid parasitoid wasps belong to the braconine genus Euurobracon 
Ashmead, 1900, which is distributed from the East Palaearctic (China, Japan, Korea), 
throughout the Oriental region (India, Sri Lanka and South East Asia) and reaches the 
Australasian region (Papua New Guinea) (Quicke 1989a). Female body length reaches 
21 mm and their ovipositors can be up to 18.8 cm long. The genus comprised a total of 
14 described species (Li et al. 2016; Yu et al. 2016), of which 11 were included in the re-
vision by Quicke (1989a) and three more from China that were added by Li et al. (2016). 
Despite its wide distribution, only four species have been recorded from Indonesia: E. 
cephalotes (Smith, 1858) (Java, Sumatra and N. Mollucas), E. forticornis (Cameron, 
1905) (Sumatra and N. Mollucas), E. impossibilis (Dalla Torre, 1898) (N. Mollucas), and 
E. denticephalus Quicke, 1989 (Irian Jaya). However, E. interstitialis Quicke, 1989 which 
is known from Sarawak and Sabah on Borneo Island must surely also occur in that coun-
try. Of these, only E. cephalotes has previously been recorded from Java (Yu et al. 2016).

By far the best-known species is E. yokahamae which is relatively common in Japan and 
has a remarkably long ovipositor. Despite its impressive size we present the first molecular 
data for this species. Euurobracon yokahamae has been recorded in the literature as parasitis-
ing two species of cerambycid beetles, Batocera lineolata Chevrolat, 1852 (Watanabe 1934; 
repeated in Shenefelt 1978) and of the pupa of Neocerambyx raddei Blessig & Solsky, 1872 
(syn. Massicus raddei (Blessig & Solsky, 1872)) (Kaga et al. 2018; Cao et al. 2020). How-
ever, Kaga et al. (2018) strongly infer that the record from Batocera is incorrect because the 
beetle’s ecology makes this unsuitable to be a host. Euurobracon yokahamae adults over-
winter in wood (e.g., Quercus serrata and Castanea crenata). Kaga et al. (2018) noted that 
oviposition occurs by inserting the ovipositor into cracks in the wood and suggest that it is 
highly unlikely that they lay eggs directly on the host. The sex ratio is approximately one 
for specimens extracted from wood prior to emergence but that of individuals collected/
observed in the field is markedly female-biased, with males being rare. This might be due 
to males being short-lived and/or being less conspicuous. In Japan, E. yokahamae adults are 
observed in the fields from late spring to early summer (late April to early June).

Here we describe a new species from West Java (Indonesia), E. bhaskarai Quicke 
sp. nov., and differentiate it from the closely related E. yokahamae on the basis of colour 
pattern, morphology and DNA sequence data for three mitochondrial genes.

Material and methods

Materials

Terminology follows van Achterberg (1988) except for wing venation nomenclature 
which follows Sharkey and Wharton (1997); see also figure 2.2 in Quicke (2015) for 
comparison of wing venation naming systems. Specimens of E. bhaskarai sp. nov. were 
photographed using a Leica M205 C microscope. Images were prepared by image 
stacking using Leica Application Suite (LAS).
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Abbreviations

CUMZ Entomological Museum, Chulalongkorn University, Bangkok;
KPM-NK Kanagawa Prefectural Museum of Natural History, Japan;
MZB Museum Zoologicum Bogoriense (Zoological Museum), Indonesian In-

stitute of Sciences, Bogor, Indonesia.

Molecular methods

DNA sequences were generated for the barcoding region of cytochrome oxidase c 
subunit 1 (COI), cytochrome b (cytb), 16S rDNA (16S), elongation factor 1-alpha 
(EF-1𝛼), and the D2-D3 expansion region of 28S rDNA (28S) for four specimens of 
E. bhaskarai Quicke sp. nov., five specimens of E. yokahamae (deposited in KPM-NK), 
and one each of E. breviterebrae (deposited in KPM-NK), and E. cephalotes (deposited in 
CUMZ). An additional COI barcode for E. breviterebrae was obtained from GenBank.

A combined barcoding and phylogenetic rapid bootstrap tree was generated using 
the maximum likelihood program RAxML (Stamatakis 2014). Combined sequences 
from two species of the putatively closely related Afrotropical genus Archibracon Saus-
sure, (1890) 1892, (Quicke 1989b) were used to root the tree.

Gene sequences are deposited on GenBank and accession numbers are given in Table 1.

Results

Molecular analysis

No intraspecific variation was present in any of the gene fragments. All genes recovered 
the phylogeny: ((bhaskarai sp. nov. + yokahamae) (cephalotes + breviterebrae)) (Fig. 1). 
All mitochondrial genes separated E. bhaskarai sp. nov. from E. yokahamae with high 
bootstrap support (96–100%). The two species differed by 16 bases in the CO1 gene 
(2.5%), by 13 bases in the cytb gene (3.37%) and by 10 indels in the 16S gene (2.37%).

Table 1. GenBank accession numbers for newly generated sequences.

Taxon BOLD process ID GenBank accession numbers
CO1 cytb 16S 28S EF-1𝛼

Archibracon sp. BBTH2575-21 OM950937 OM950960 OM952149 OM950949 –
E. bhaskarai sp. nov. BBTH2844-21 OM950947 OM950970 OM952159 OM950958 OM950980
E. bhaskarai sp. nov. BBTH2843-21 OM950940 OM950963 OM952152 OM950951 OM950974
E. bhaskarai sp. nov. BBTH2841-21 OM950939 OM950962 OM952151 OM950950 OM950973
E. bhaskarai sp. nov. BBTH2678-21 OM950944 OM950967 OM952156 OM950955 OM950977
E. bhaskarai sp. nov. BBTH2840-21 OM950948 OM950971 OM952160 OM950959 OM950981
E. breviterebrae BBTH2845-21 OM950942 OM950965 OM952154 OM950953 OM950975
E. cephalotes BBTH2676-21 OM950943 OM950966 OM952155 OM950954 OM950976
E. yokahamae BBTH2842-21 OM950938 OM950961 OM952150 – OM950972
E. yokahamae BBTH2839-21 OM950941 OM950964 OM952153 OM950952 –
E. yokahamae BBTH2677-21 OM950945 OM950968 OM952157 OM950956 OM950978
E. yokahamae BBTH2846-21 OM950946 OM950969 OM952158 OM950957 OM950979
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The 28S gene and EF-1𝛼 did not differentiate E. bhaskarai sp. nov. from E. yoka-
hamae, but consistently split Euurobracon into two species groups (Fig. 1), the differ-
ences in 28S between these groups being entirely indels.

Taxonomy

Euurobracon Ashmead, 1900

Euurobracon Ashmead, 1900: 140. Type species: Bracon penetrator Smith, 1877 not 
Smith, 1863.

Delmira Cameron, 1900: 87. Type species: Delmira triplagiata Cameron [Synonymized 
by Baltazar 1961.]

Figure 1. Maximum likelihood bootstrap trees of all available Euurobracon sequences rooted with a rep-
resentative of the putatively closely related Afrotropical genus Archibracon Saussure. Individual trees are 
shown for cytochrome oxidase (COI), cytochrome b (cytb) and 16S rDNA (16S).
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Exobracon Szépligeti, 1902: 45. Type species: Bracon quadriceps Smith, 1861 not Smith, 
1858. [Synomymized by Roman 1913.]

Lissobracon Cameron, 1905:103. Type species: Lissobracon forticornis Cameron [Syn-
onymized by Roman 1913.]

Diagnosis. Scapus subglobose, shorter ventrally than dorsally in lateral aspect; face 
flat, clypeus not separated from face by a ridge or carina; propodeum smooth medio-
posteriorly (Fig. 7); fore wing vein 3RSa of fore wing 2.5–3.4 × vein 2RS (Figs 2, 8); 
fore wing vein 1cu-a strongly postfurcal and curved (except E. interstitialis), vein 1CUb 
3.0–4.6 × 1CUa (Figs 6, 12); hind wing vein 1r-m much longer than SC+R1 (Figs 6, 
12); hind wing vein 1r-m short longitudinal (Fig. 12) to shortly transverse (Fig. 6); 
surroundings of vein cu-a of hind wing setose; metasoma smooth and shiny, first ter-
gite with smooth, polished, convex median area bordered laterally by pair of distinct 
furrows, with at most weak indication of rounded, dorsal carina anteriorly, without 
dorsolateral carinae; second metasomal tergite smooth, with at most a weak medio-
anterior pair of short converging grooves but without mid-basal triangular area; second 
suture smooth; fifth and sixth tergites largely exposed and smooth; hypopygium large, 
reaching or projecting beyond apex of metasoma; ovipositor strongly exserted; dorsal 
valve of ovipositor with small pre-apical nodus.

The adult rectum is unique among braconids in having a large number (>12) of 
small rectal pads, compared with four in other genera (Quicke et al. 1999).

Euurobracon bhaskarai Quicke, sp. nov.
http://zoobank.org/D6533B79-844D-43DA-B6E3-66CC88BB8C19
Figs 2–7

Type material. Holotype ♀, Indonesia, West Java, nr Mt Halimun, ii.2021, local col-
lector, DNA voucher CCDB-24624-H04 (MZB). Paratypes: 3 ♀, same data as holo-
type (1 MZB, DNA voucher CCDB-6326-B09; 2 CUMZ, DNA vouchers CCDB-
24624-H05, CCDB-24624-H07).

Diagnosis. Body largely orange-yellow; wings largely yellow, fore wing with grey-
ish margin narrowly infuscate, a small dark brown mark at apex of pterostigma, a dark 
brown patch around the confluence of veins 1RS, 1-M and (RS+M)a, and a brown patch 
at the posterior part of the 1st subdiscal cell; hind wing vein R (or RSa) interstitial or short 
transverse; 2nd metasomal tergite without transverse groove at approximately midlength; 
ovipositor more than 4 × longer than body. In addition, apex of hind wing basal cell with 
a small elongate sclerome in the membrane at approximately midlength of 1r-m.

The new species is morphologically very similar E. yokahamae, the only other pre-
dominantly yellow species with very long ovipositor. Nearly all specimens of E. yoka-
hamae have hind wing vein R longitudinal (i.e., vein RSa arising from R distal to 1r-
m); very rarely it is interstitial. In E. bhaskarai sp. nov. vein RSa is short but distinctly 
transverse or occasionally interstitial. The most conspicuous difference is in the extent 
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of the dark markings of the fore wing. There is some variation in wing colour pattern 
in female E. yokahamae and this was illustrated by Sonan (1932), but this does not in-
clude restriction of the fore wing grey pattern to a faint narrow margin with just three 
small brown spots as in the new species. In addition, in the distal part of hind wing ba-
sal cell there is a small thickening of the cell membrane creating a tiny sclerome which 
is absent in E. yokahamae. The antennal flagellum of the four available specimens of the 
new species is parallel-sided whereas in E. yokahamae it is distinctly widened distally.

Description. Length of body 19.5–23.5 mm, of fore wing 18.7–20.0 mm, of 
antenna 16.6–18.0 mm and of ovipositor, 97–123 mm. Head. Antenna with 70–71 

Figures 2–7. Euurobracon bhaskarai Quicke sp. nov, ♀, holotype 2 habitus, dorsal view 3 head, anterior 
view 4 head, dorsal view 5 head, lateral view 6 medial part of fore and hind wings 7 propodeum and 
metasomal tergites 1 and 2, dorsal view.
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flagellomeres, more or less parallel-sided. Terminal flagellomere tapering progressively 
to a point and distinctly acuminate, approximately 1.5 × longer than basally wide. 
Median flagellomeres transverse, 1.5 × wider than long. Length of first flagellomere: 
second flagellomere: third flagellomere = 1.45: 1.1; 1.0, the latter being more or less 
quadrate. Width of head: width of face: height of eye (measured at level of antennal 
socket) = 2.5: 1.45: 1.0. Dorsal half of clypeus densely long setose. Face densely long 
setose except for a small median triangular area above the clypeus. Inter-tentorial dis-
tance 1.25 × tentorio-ocular distance. Frons sparsely setose. Head widest behind eyes; 
length of head behind eye 1.1 × length of eye in dorsal view. Malar space 0.9 × longer 
than basal width of mandible. Minimum length of malar space located at above inner 
articulation of mandible. Shortest length of mandible 1.2 × longer than basal width 
of mandible. Mesosoma. Mesosoma 1.75 × longer than high. Middle lobe of mes-
oscutum often largely moderately densely setose laterally. Notauli present anteriorly 
only. Anterior margin of propodeum without a deep medial emargination. Propodeal 
spiracle elongate, ca 2.0 × longer than maximum width. Wings. Fore wing vein 1cu-a 
far postfurcal, vein 1CUb 3.3 × 1CUa. Forewing vein 2CUa only weakly and gradu-
ally expanded posteriorly. Vein (RS+M)a 1.0–1.1  ×  length of 1-M. Forewing vein 
m-cu straight, 2.0 × longer than (RS+M)b. Lengths of fore wing veins r-rs: 3RSa: 
3RSb = 1.0: 5.5: 6.0. Lengths of fore wing veins 2RS: 3RSa: rs-m = 1.0: 2.75: 1.1. 
Hindwing vein 1r-m approximately 1.3 × longer than R1 before it reaches wing mar-
gin hind wing vein R marginally longitudinal, interstitial or marginally transverse (i.e., 
with very short vein rs-m). Legs. Length of fore femur: tibia: tarsus = 1.0: 1.0: 1.25. 
Anterolateral aspect of fore tibia more or less densely clothed with slightly thickened 
setae. Fore basitarsus 4.3 × longer than maximally deep. Length of hind femur: tibia: 
basitarsus = 1.0: 1.4: 1.2. Hind femur 6.0 × longer than maximum depth in lateral 
view. Hind tibia 12.5 × longer than maximum depth in lateral view. Hind basitarsus 
8.3 × longer than deep. Metasoma. First tergite 1.2 × longer than maximally wide. 
Second tergite smooth, 1.2–1.35 × wider than long, without any trace of median 
transverse groove or furrow. Second + third metasomal tergites 1.3–1.4 × longer than 
maximally wide. Ovipositor long, 5.2–6.2 ×  forewing, 5.0–5.3 ×  longer than body. 
Coloration. Antenna black. Head, including stemmaticum, and body uniformly fer-
ruginous-yellow (orange-yellow), usually with few black marks as follows: posterior 
margin of propodeum, medio-anterior of tergite 1, anterolateral part and longitudinal 
sublateral grooves of tergite 2, anterolateral part of tergite 3, posterior margins of ter-
gites 3–5. Wings largely yellow, narrowly weakly infuscate distally and postero-distally, 
with dark brown marks at apex of pterostigma, around junction of veins 1RS, 1-M 
and (RS+M)a but excluding parastigma, and posterior part of first subdiscal cell, mem-
brane. Fore and mid legs ferruginous-yellow except apex of hind tibia and basal three 
hind tarsomeres which are piceous. Ovipositor sheaths black.

Male. Unknown.
Etymology. Named after Mr Edy Bhaskara, friend of the first author, who lives on 

the island where the new species was collected.
Biology. Unknown.
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Euurobracon yokahamae (Dalla Torre, 1898)
Figs 8–12

Material examined. Japan, Honshu, KPM-NK62083, ♀, Kanagawa Pref., Yokohama 
City, Aoba-Ku, Jike, 9.v.2017; KPM-NK62090, ♀, Kanagawa Pref., Yokohama City, Mi-
dori-Ku, Mihomachi, 11.v.2017; KPM-NK55278, ♀, Kanagawa Pref., Sagamihara City, 
Midori-Ku, Magino, 20.v.2019, H. Karube leg.; KPM-NK51571, ♀, Kanagawa Pref., 
Aikawa Town, Mimase, 2.v.2017, H. Karube leg.; KPM-NK62092, ♀, Kanagawa Pref., 
Aikawa Town, Sumida, 12.v.2017, H. Fujita leg.; KPM-NK51570, ♀, Kanagawa Pref., 
Hiratsuka C., Kisawa, 1.v.2017, H. Karube leg.; KPM-NK47713, ♀, Kanagawa Pref., 
Oiso Town, Nishikoiso, 12.v.2017; KPM-NK55279, ♀, Kanagawa Pref., Nakai Town, 
Zoushiki, 7.v.2019, K. Watanabe leg.; KPM-NK62086, ♀, Kanagawa Pref., Hadano 
City, Horikawa, 6.i.2016 (from dead tree), K. Suzuki leg.; KPM-NK47711, ♀, Kanaga-
wa Pref., Hadano City, Mt. Koubou-yama, 19.v.2017, R. Kaga leg.; KPM-NK69393, 
♂, same locality, 30.v.2018 (host coll.), 13.vii.2018 (em.), R. Kaga et al. leg.; KPM-
NK69395, 69389, 69405, 1 ♀ & 2 ♂, Kanagawa Pref., Hadano City, Mt. Koubou-
yama, 30.v.2018 (host coll.), 14. VII. 2018 (em.), R. Kaga et al. leg.; KPM-NK69402, 
69403, 2 ♂, Kanagawa Pref., Hadano City, Mt. Koubou-yama, 30.v.2018 (host coll.), 
18.vii.2018 (em.), R. Kaga et al. leg.; KPM-NK62085, ♀, Kanagawa Pref., Ooi Town, 
Yamada, 11.v.2017, H. Karube leg.; KPM-NK62379, ♂, Kanagawa Pref., Minamiashiga-
ra City, Iwahara, 7.x.2015 (from dead tree), K. Suzuki leg.; KPM-NK47708, ♀, Kanaga-
wa Pref., Minamiashigara City, Tsukahara, 11.v.2017, H. Karube leg.; KPM-NK62089, 
♀, Shizuoka Pref., Fukuroi City, Tsurugaike, 5.v.2017, H. Karube leg.; KPM-NK55276, 
♀, Yamanashi Pref., Nirasaki City, Hosaka Town, Mitsuzawa, 11.v.2018, H. Fujita leg.; 
KPM-NK55277, ♀, Gifu Pref., Ena City, Okasezawa, 11.v.2019, H. Karube leg.

Description. We update the description of this species proposed by Quicke 
(1989a) based on examination of the above material, including males.

Females: Length of body 14.5–21.5 mm, of forewing 15.5–23.0 mm, and of ovi-
positor 85–204 mm. Head. Antenna with 65–77 flagellomeres (the number of articles 
is approximately proportional to the body length), distinctly widening distally to ap-
proximately 1.2 × width near base. Terminal flagellomere tapering progressively to a 
point and distinctly acuminate, approximately 1.5 × longer than basally wide. Median 
flagellomeres transverse, 1.5 × wider than long. Lengths of first flagellomere: second 
flagellomere: third flagellomere = 2.0: 1.65: 1.8–2.0. First flagellomere more or less 
parallel-sided except for slight basal flare, the latter being more or less quadrate. Head 
widest across eyes, 0.7 and 0.7–1.1 × longer than maximum width of eye and of gena in 
dorsal view, respectively. Width of head: width of face (measured at height of antennal 
socket): height of eye = 2.7: 1.6: 1.0. Length of head behind eye 1.0–1.5 × length of 
eye in dorsal view. Maximum width of gena 1.0–1.4 × longer than maximum width of 
eye in lateral view. Dorsal half of clypeus densely long setose. Face densely long setose 
except for a small median triangular area immediately above the clypeus. Malar space 
0.8–1.15 × longer than basal width of mandible. Minimum length of malar space lo-
cated at above inner articulation of mandible. Shortest length of mandible 1.1–1.3 × 
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longer than basal width of mandible. Shortest distance between eyes 0.55–0.6 × longer 
than maximum width of head in frontal view. Frons largely densely short setose except 
for median area sparsely setose. POL: diameter of posterior ocellus: shortest distance be-
tween posterior ocellus and eye = 0.45–0.9: 1.0: 2.5–2.7. Occiput moderately densely 
setose. Mesosoma. Mesosoma 1.6–1.7 × longer than high. Middle lobe of mesoscutum 

Figures 8–12. Euurobracon yokahamae 8 ♀ habitus, dorsal view 9 ♂ habitus, dorsal view 10 ♀ head, 
anterior view 11 ♀ head, dorsal view 12 ♀ basal two-thirds of fore and hind wings.
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often largely moderately densely setose. Notauli present, ending posteriorly near centre 
of mesoscutum. Anterior margin of propodeum without a deep medial emargination. 
Propodeal spiracle elongate, ca 2.0 × longer than maximum wide. Wings. Fore wing 
vein 1cu-a far postfurcal, vein 1CUb 3.0–4.6 × 1CUa vein. Forewing vein 2CUa usu-
ally only weakly and gradually expanded posteriorly. Lengths of fore wing veins r-rs: 
3RSa: 3RSb = 1.0: 4.3–4.8: 6.1–6.5. Vein (RS+M)a 1.0–1.1 × length of 1-M. Forewing 
vein m-cu straight, 1.6–2.2 × longer than (RS+M)b. Lengths of forewing veins 2RS: 
3RSa: rs-m = 2.0: 2.1–2.3: 0.9–0.95. Hindwing vein 1r-m approximately 1.55 × longer 
than R1 before it reaches wing margin. Hindwing vein R usually longitudinal, rarely 
interstitial. Legs. Lengths of fore femur: tibia: tarsus = 1.0: 1.0–1.15: 1.1–1.12. Ante-
rolateral aspect of fore tibia more or less densely clothed with slightly thickened setae. 
Fore basitarsus 4.3–4.5 × longer than maximally deep. Lengths of hind femur: tibia: 
basitarsus = 1.0: 1.5: 1.5–1.75. Hind femur 5.0–5.8 × longer than maximum depth in 
lateral view. Hind tibia 9.5–11.0 × longer than maximum depth in lateral view. Hind 
basitarsus 7.7 × longer than deep. Metasoma. First metasomal tergite 0.98–1.24 × 
longer than maximally wide (generally shorter in length for larger specimens); dorsal 
carinae relatively close together, broadly rounded ridges rather than lamelliform cari-
nae; raised median area with or without a mid-longitudinal groove. Second metaso-
mal tergite largely glabrous 1.25–1.43 × wider than long, without a distinct transverse 
median groove on either side of the midline, with a pair of sublateral oblique furrows. 
Third metasomal tergite with distinct anterolateral areas, without a pair of sub-medial 
transverse grooves or pits. Second + third metasomal tergites 1.1–1.3 × longer than 
maximally wide. Ovipositor long, 5.55–9.3 ×  forewing length [5.0–14.0 in Quicke 
(1989a)] though generally between 6.0 and 9.0 × fore wing]; 5.85–9.5 × longer than 
body. Apex of lower valve of ovipositor with five teeth. Approximately distal 0.1 of low-
er valve of ovipositor with rough surface laterally (and also ventrally except for teeth). 
Coloration. The additional materials completely agree with the character states of col-
oration proposed by Quicke (1989a) which is reproduced below. Antenna and oviposi-
tor sheath black. Body usually largely or entirely ferruginous-yellow (somewhat paler in 
the Indian specimens), sometimes with piceous markings especially on the metasomal 
tergites, propodeum, metanotum, mesopleuron and propodeum. Fore and middle legs 
ferruginous-yellow, hind legs usually black or dark piceous but entirely yellow in speci-
mens from India, Laos and Thailand. Wings yellow with a somewhat variable brown 
pattern (Sonan, 1932), the distinctive features being: a dark mark at the parastigma 
and at the apex of the pterostigma of the forewing; usually a dark mark in the first 
subdiscal cell of the forewing; a pale grey-brown at the apex of the forewing, extend-
ing and darkening slightly along the postero-distal part of the wing margin; hindwing 
with a grey-brown apical region which extends along the posterior wing margin and is 
produced into the base of the submarginal cell and again into the discal+subdiscal cells.

Males: Similar to female. Length of first flagellomere: second flagellomere: third 
flagellomere = 2.0: 1.1–1.3: 1.4–1.55. Head 1.1–1.15 × longer than maximum width of 
gena in dorsal view. Eye relatively larger than in female, maximum width of gena 0.5–
0.6 × longer than maximum width of eye in lateral view. Shortest distance between eyes 
0.25–0.3 × longer than maximum width of head in frontal view. Face slightly narrower 
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than female, 0.43–0.7 × longer than maximum width. Ocelli larger than female. POL 
distinctly longer than shortest distance between posterior ocellus and eye. POL: diam-
eter of posterior ocellus: shortest distance between posterior ocellus and eye = 0.5–0.6: 
1.0: 0.3–0.5. Malar space (minimum length) 2.0 × longer than basal width of mandi-
ble. Minimum length of malar space located at above outer articulation of mandible. 
Length of hind femur: tibia: basitarsus = 1.0: 1.55–1.8: 1.35–1.6. First metasomal ter-
gite slenderer than female, 1.25–1.4 × longer than maximum width. Second and third 
metasomal tergites usually with slight transverse depression. Male genitalia. Basal ring 
V-shaped, its dorsal part narrow and linear. Digitus large and triangular, with three min-
ute tubercles at apex. Apex of paramere not projecting beyond apex of aedeagus, densely 
setose. Dorsal surface of aedeagus largely flat subapically. Ventral side of aedeagus with 
lamella-like expansion. Described in detail and illustrated by SEM in Quicke (1988).

Distribution. Japan, Korea, China, Taiwan, Laos, Thailand and India (Yu et al. 2016).
Biology. See Introduction.
Remarks. A set of eight figures showing the range of variation of forewing markings 

found in the East Palaearctic population was provided by Sonan (1932). Quicke (1989a) 
classified this species into its own, monotypic, E. yokahamae species group which is 
recognizable from all other Euurobracon spp. by its interstitial or longitudinal hindwing 
vein 2-SC+R in combination with predominantly yellow or red-yellow coloration.

Discussion

In general, even among parasitoid wasps, large and brightly coloured species, have of-
ten already been described, and indeed, not uncommonly have one or more synonyms 
(Jones et al. 2009, 2011; Quicke 2012). Most of the undescribed diversity occurs 
among the smaller and less spectacular groups. Nevertheless, in South-east Asia, and 
adjacent southern China, many such new species are being described. Members of the 
genus Euurobracon are, despite their large body size and often impressive ovipositors, 
almost certainly vastly under-recorded in South-east Asia.
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Abstract
One new genus and eight new species from Xishuangbanna, China are described and diagnosed: Bocusoides 
zhaoi gen. and sp. nov., Euochin mii sp. nov. (♂♀), E. tangi sp. nov. (♀), Eupoa logunovi sp. nov. (♂♀), 
Indomarengo wengnan sp. nov. (♀), Laufeia zhangae sp. nov. (♂♀), Simaetha huigang sp. nov. (♂♀), and 
Synagelides cheni sp. nov. (♀). The unknown sexes of three endemic species, Chalcovietnamicus lii (Lei & 
Peng, 2010) comb. nov. (ex Chalcoscirtus Bertkau, 1880), Indomarengo yui Wang & Li, 2020, and Rhene 
triapophyses Peng, 1995 are described for the first time.

Keywords
Morphology, new combination, new genus, new species, Southeast Asia, taxonomy

Introduction

As a result of a series of taxonomic studies and biodiversity surveys conducted over the 
last three decades, knowledge of the salticid fauna from Xishuangbanna, China has 
increased considerably (Li 2020; Lin and Li 2020; Hong et al. 2022). To date, the list 
of salticids from Xishuangbanna, including the eight new species described here, com-
prises at least 145 species, which is more than the number of species in several adjacent 
countries and regions (Logunov 2021; Wang and Li 2021; WSC 2022). However, 
there is no doubt that new records and species will be discovered in this biodiversity 
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hotspot and the list of species will be increased further because most area of this region 
remains insufficiently surveyed (Wang et al 2020; Li et al 2021; Yao et al 2021).

In the current study, eight species collected from Xishuangbanna are recognized 
as new to science, and the unknown sexes of three endemic species are also described.

Materials and methods

Specimens were collected by fogging and sieving leaf litter in the tropical rainforest of 
Xishuangbanna, China. All specimens are preserved in 75% ethanol and are deposited 
in the Institute of Zoology, Chinese Academy of Sciences (IZCAS) in Beijing, China. 
Methods follow Wang and Li (2021).

All measurements are given in millimeters. Leg measurements are given as: total length 
(femur, patella + tibia, metatarsus, tarsus). References to figures in the cited papers are list-
ed in lowercase type (fig. or figs); figures in this paper are noted with an initial capital (Fig. 
or Figs). Abbreviations used in the text and figures are as follows: AERW anterior eye row 
width; AME anterior median eye; ALE anterior lateral eye; AG accessory gland; AR atrial 
ridge; AS anterior chamber of spermatheca; At atrium; CD copulatory duct; CO copula-
tory opening; CP cymbial process; DTA dorsal tibial apophysis; E embolus; ED embolic 
disc; ET embolic tooth; EFL eye field length; FD fertilization duct; H epigynal hood; 
MA median apophysis; MP median plate; MS median septum; PERW posterior eye row 
width; PL posterior lobe; PLE posterior lateral eye; PS posterior chamber of spermatheca; 
RFA retrolateral femoral apophysis; RPA retrolateral patellar apophysis; RTA retrolateral 
tibial apophysis; S spermatheca; SD sperm duct; TA terminal apophysis; TF tibial flange; 
TmA terminal apophysis of embolic division; VTA ventral tibial apophysis.

Taxonomy

Family Salticidae Blackwall, 1841

Genus Bocusoides gen. nov.
https://zoobank.org/4805E7A8-886F-4F82-9134-EF0390496619

Type species. Bocusoides zhaoi sp. nov. from China.
Etymology. The generic name is the combination of “oides”, meaning “having the 

form of”, and the similar genus name Bocus; gender masculine.
Diagnosis. Bocusoides gen. nov. can be easily distinguished from other genera of 

Myrmarachnina, except Bocus Peckham & Peckham, 1892, by having an elongated 
carapace with an obvious postocular constriction and an anteriorly broadened ster-
num. It can be distinguished from Bocus by the following: 1) male cheliceral paturon 
abruptly broadened at base (Fig. 2C–E, G; Deeleman-Reinhold and Floren 2003: 
fig. 9) versus gradually broadened from the base to the middle part in Bocus (Wan-
less 1978a: fig.  1C, 2B); 2) carapacal postocular constriction narrower, about 1/2 
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the carapacal width (Fig. 2C, F; Deeleman-Reinhold and Floren 2003: fig. 9) versus 
broader, about 2/3 the carapacal width in Bocus (Wanless 1978a: figs 1A, 2A); 3) 
pedical with conical, dorsal process (Fig. 2D; Deeleman-Reinhold and Floren 2003: 
fig. 11) versus absent in Bocus (Wanless 1978a: figs 1H, 2D); 4) leg formula 4123 
versus 4132 in Bocus (see the description by Wanless 1978a); 5) male abdomen not 
constricted (Fig. 2C; Deeleman-Reinhold and Floren 2003: fig. 9) versus constricted 
at anterior 1/3 in Bocus (Wanless 1978a: figs 1A, 2A); 6) male palp with short tibia, 
which is wider than long and with filiform embolus with proximal disc (Fig. 1D; 
Deeleman-Reinhold and Floren 2003: fig. 13) versus tibia longer, at least as long as 
wide, and flat embolus without proximal disc in Bocus (Wanless 1978a: fig. 3A, E); 7) 
epigyne with distally circled copulatory ducts, elongated spermathecae, and elongated, 
arched fertilization ducts (Fig. 2A, B; Deeleman-Reinhold and Floren 2003: fig. 17) 
versus copulatory ducts not circled, spermathecae spherical, and fertilization ducts 
ordinary in Bocus (Wanless 1978a: fig. 1G).

Description. Medium-sized, ant-like spiders. Carapace elongated. Pedicel short, 
with dorsal, conical process. Chelicerae well developed and with paturon abruptly 
broadened at base in males. Endites longer than wide, distally bearing dense, dark 
setae. Labium slightly darker than endites. Sternum irregular, anteriorly broadened. 
Legs elongated, with 11 and five ventral spines on tibiae and metatarsi I, respectively. 
Abdomen oval, not constricted; dorsum with white guanine patches or yellow-sliver 
spots at the lateral sides of anterior half, and alternate dark and paler transverse bands 
posteriorly, entirely covered by scutum in males; venter dark-brown.

Palp: tibia wider than long, with tapered, short retrolateral apophysis and triangular 
flange; cymbium flat, setose, with an apical spine; bulb flat and almost round, with tapered 
sperm duct extending along the submargin; embolus twice coiled, the first forming a broad, 
flat circle, the second with an elongated, lamellar disc followed by filiform remainder.

Epigyne: with posteriorly located hood; atria paired, oval, medially located, with 
arched lateral ridges; copulatory openings hidden; copulatory ducts membranous at 
origin, followed by sclerotized portion ascending obliquely, distally coiled four circles, 
which are encircling or lateral to the elongated spermathecae; fertilization ducts slen-
der, arched, originating from the anterior portions of spermathecae.

Composition. The genus currently includes the type species and B. angusticollis 
(Deeleman-Reinhold & Floren, 2003) comb. nov.

Bocusoides zhaoi sp. nov.
https://zoobank.org/C17F2855-F271-40D6-9137-DDDC0C2F1E0F
Figs 1, 2

Type material. Holotype ♂ (IZCAS-Ar42904), China: Yunnan: Xishuangbanna, 
Mengla County, Menglun Town, Xishuangbanna National Nature Reserve, 200 m east 
of Lvshilin, artificial forest (21°57.95'N, 101°12.30'E, ca 780 m alt.), 13.viii.2011, 
Q. Zhao leg. Paratypes 2♂7♀ (IZCAS-Ar42905–42913), same data as holotype; 
1♂2♀ (IZCAS-Ar42914–42916), 55 km from Xishuangbanna National Nature Re-
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serve, secondary forest (21°57.99'N, 101°12.17'E, ca 840 m alt.), 18.viii.2011, Q. 
Zhao leg.

Etymology. The specific name is a patronym in honor of Qingyuan Zhao, the col-
lector of this new species; noun (name) in genitive case.

Diagnosis. Bocusoides zhaoi sp. nov. closely resembles B. angusticollis comb. nov. 
from Borneo in having a similar habitus and copulatory organs, but it can be easily 
distinguished by the following: 1) width of embolic disc greater than largest diameter of 
visible sperm duct (Fig. 1D) versus less than 1/2 in B. angusticollis (Deeleman-Reinhold 
and Floren 2003: fig. 13); 2) RTA curved inward distally in ventral view (Fig. 1D) versus 
curved retrolaterally in B. angusticollis (Deeleman-Reinhold and Floren 2003: fig. 13); 
3) tibial flange about 1/4 RTA length in dorsal view (Fig. 1E) versus more than 1/2 in 
B. angusticollis (Deeleman-Reinhold and Floren 2003: fig. 14); 4) male chelicerae with 
three distal promarginal teeth that are almost equal in size, and female chelicerae with 
six promarginal teeth (Fig. 2G, H) versus male chelicerae include a basal denticle among 
the three distal promarginal teeth and female chelicerae with only three promarginal 
teeth in B. angusticollis (see the description by Deeleman-Reinhold and Floren 2003); 5) 
copulatory ducts partially encircle spermathecae (Fig. 2B) versus copulatory ducts lateral 
to spermathecae in B. angusticollis (Deeleman-Reinhold and Floren 2003: fig. 17).

Description. Male (Figs 1, 2C–E, G). Total length 5.00. Carapace 2.68 long, 
1.23 wide. Abdomen 2.00 long, 1.23 wide. Clypeus 0.03 high. Eye sizes and inter-
distances: AME 0.37, ALE 0.19, PLE 0.17, AERW 1.06, PERW 1.06, EFL 0.89. Legs: 
I 4.88 (1.45, 1.98, 0.90, 0.55), II 4.15 (1.30, 1.60, 0.80, 0.45), III 4.96 (1.55, 1.68, 
1.23, 0.50), IV 6.52 (2.13, 2.23, 1.63, 0.53). Carapace elongated, yellow to yellow-
brown, covered with dark brown setae at anterior margin, elevated cephalic region 
and sloped thorax separated by deep constriction. Pedicel short, with dorsal, conical 
process. Chelicerae broad, with five promarginal and six retromarginal teeth. Endites 
longer than wide, bearing dense, dark setae distally. Labium slightly darker than en-
dites. Sternum elongated, irregular, about 2.5 times longer than wide. Legs yellow to 
dark brown, with 11 and five ventral spines on tibiae and metatarsi I, respectively. Ab-
domen suboval, dorsum with yellow-sliver spots separated by a longitudinal, central, 
vein-shaped, brown band anteromedially, followed by alternate dark and dark yellow 
transverse bands, entirely covered by scutum; venter dark brown.

Palp (Fig. 1A–E): tibia wider than long in ventral view, with short, triangular 
flange, tapered retrolateral apophysis slightly curved into an S-shape at distal half, 
pointed apically; cymbium flat, setose, with apical bristle; bulb flat, almost round, 
with tapered sperm duct; embolus twice coiled, the first forming a broad, flat circle, 
the second with elongated, lamellar disc followed by filiform remainder coiling about 
360° and reaching cymbial tip distally.

Female (Fig. 2A, B, F, H). Total length 5.59. Carapace 2.68 long, 1.09 wide. 
Abdomen 2.46 long, 1.50 wide. Clypeus 0.03 high. Eye sizes and inter-distances: 
AME 0.38, ALE 0.19, PLE 0.17, AERW 1.06, PERW 1.05, EFL 0.83. Legs: I 3.81 
(1.18, 1.53, 0.65, 0.45), II 3.33 (1.05, 1.30, 0.60, 0.38), III 4.23 (1.35, 1.43, 1.00, 
0.45), IV 5.69 (1.80, 1.98, 1.43, 0.48). Habitus similar to that of male except with 
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Figure 1. Bocusoides zhaoi sp. nov., male holotype palp A prolateral B retrolateral C ventro-lateral 
D ventral E dorsal. Scale bars: 0.1.



Cheng Wang & Shuqiang Li  /  ZooKeys 1116: 85–119 (2022)90

less-developed chelicerae with six promarginal and seven retromarginal teeth, a pair of 
white spots on the lateral margins of carapace constriction, without scutum on dorsum 
of abdomen.

Epigyne (Fig. 2A, B): slightly longer than wide, with tube-shaped, posteriorly lo-
cated hood; atria paired, oval, extending transversely, with arched lateral ridges; copula-
tory openings hidden; copulatory ducts membranous at origin, followed by sclerotized 
portion ascending obliquely, coiled four times distally; spermathecae elongated, partly 
encircled by copulatory ducts; fertilization ducts slender, arched, originating from the 
anterior portions of spermathecae.

Distribution. Known only from the type locality in Yunnan, China.

Figure 2. Bocusoides zhaoi sp. nov., male holotype and female paratype A epigyne, ventral B vulva, dorsal 
C male holotype habitus, dorsal D ditto, lateral E ditto, ventral F female paratype habitus, dorsal G holo-
type chelicera, posterior H female paratype chelicera, posterior. Scale bars: 0.1 (A, B, G, H); 0.5 (C–F).
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Genus Chalcovietnamicus Marusik, 1991

Type species. Chalcoscirtus vietnamensis Żabka, 1985 from Vietnam by subse-
quent designation.

Chalcovietnamicus lii (Lei & Peng, 2010) comb. nov.
Figs 3, 4

Chalcoscirtus lii Lei and Peng 2010: 67, fig. 1A–C (female holotype, not examined).

Material examined. 1♂1♀ (IZCAS-Ar42917–42918), China: Yunnan: Xishuang-
banna, Mengla County, Menglun Town, Menglun Nature Reserve, Xishuangbanna 
Tropical Botanical Garden, 1 site in Mafengzhai (21°53.49'N, 101°17.40'E, ca 520 m 
alt.), 29.iv.2019, C. Wang leg.

Diagnosis. The male of this species closely resembles that of C. vietnamensis 
(Żabka, 1985) from Vietnam in having a similar palp, but it can be distinguished 
by the following: 1) embolus with small, semicircular lamellar process (Fig. 3B) 

Figure 3. Chalcovietnamicus lii comb. nov., male palp A prolateral B ventral C retrolateral. Scale bars: 0.1.
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Figure 4. Chalcovietnamicus lii comb. nov. A epigyne, ventral B vulva, dorsal C male habitus, dorsal 
D  ditto, ventral E female habitus, dorsal F male carapace, frontal G male chelicera, posterior. Scale 
bars: 0.1 (A, B, G); 0.5 (C–F).
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versus with a larger, subtriangular process in C. vietnamensis (Żabka 1985: fig. 71); 
2) RTA broadened and extending anteriorly at distal half (Fig. 3C) versus somewhat 
tapered, extending antero-prolaterally in C. vietnamensis (Żabka 1985: fig. 72). The 
female of this species resembles that of Chalcoscirtus parvulus Marusik, 1991 from 
Greece, Turkey, Kazakhstan, Iran, and Central Asia in having paired, oval atria and 
straight, short copulatory ducts, but it can be easily distinguished by the following: 
1) spermathecae separated by more than 2/3 their width (Fig. 4A, B) versus touching 
in C. parvulus (Logunov and Marusik 1999: fig. 93); 2) abdomen dorsally with a 
longitudinal, fusiform stripe across entire surface (Fig. 4E) versus with a pair of bars 
posteriorly in C. parvulus (Logunov and Marusik 1999: fig. 91).

Description. Male (Figs 3, 4C, D, F, G). Total length 4.23. Carapace 2.30 long, 
1.77 wide. Abdomen 2.24 long, 1.53 wide. Clypeus 0.11 high. Eye sizes and inter-
distances: AME 0.49, ALE 0.31, PLE 0.25, AERW 1.50, PERW 1.53, EFL 1.27. Legs: 
I 6.71 (2.00, 2.95, 1.23, 0.53), II 5.03 (1.53, 2.00, 1.05, 0.45), III 4.21 (1.33, 1.48, 
0.95, 0.45), IV 4.46 (1.40, 1.60, 1.01, 0.45). Carapace dark brown, bearing bilateral 
white and antero-marginal dark setae. Fovea dark, longitudinal, bar-shaped. Chelicerae 
red-brown to dark, with two promarginal teeth and one retromarginal fissidental tooth 
with two cusps. Endites paler than chelicerae, with pale ental margins bearing dark, 
thin setae. Labium dark. Sternum colored as labium, almost heart-shaped, bearing dark 
setae. Legs I longest, dark brown except tarsi red-brown, with three and two pairs of 
ventral spines on tibia and metatarsi, respectively; rest of legs yellow, with dark brown 
femora. Abdomen suboval, dorsum dark brown, with longitudinal, yellow to dark 
brown fusiform stripe across entire surface, cluster of antero-marginal white setae; ven-
ter brown, with pair of rufous, oblique stripes medially, covered with dark, thin setae.

Palp (Fig. 3A–C): tibia thick, slightly longer than wide; retrolateral tibial apophysis 
narrowed medially, broadened, extending anteriorly at distal half; cymbium almost two 
times longer than wide, gradually narrowed at distal half in ventral view; bulb suboval, 
with sperm duct sinuous retrolaterally; embolus short, originating from antero-prolat-
eral portion of bulb, blunt apically, with small, semicircular lamellar process at base.

Female (Fig. 4A, B, E). Described by Lei and Peng (2010).
Distribution. Known only from the type locality in Yunnan, China.

Genus Euochin Prószyński, 2018

Type species. Euophrys atrata Song & Chai, 1992 from China by original designation.

Euochin mii sp. nov.
https://zoobank.org/CEFDA51B-09E0-455C-8454-1FD0423DC48B
Figs 5, 6

Type material. Holotype ♂ (IZCAS-Ar42919), China: Yunnan: Xishuangbanna, 
Mengla County, Xiaolongha Village, Xishuangbanna National Nature Reserve, 
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seasonal rainforest (21°24.24'N, 101°36.27'E, ca 710 m alt.), 17.xi.2013, Q. Zhao 
and Z. Chen leg. Paratypes 1♂6♀ (IZCAS-Ar42920–42926), same data as holotype; 
1♂2♀ (IZCAS-Ar42927–42929), same locality and collectors, 21.xi.2013.

Etymology. The species is named after Prof. Xiaoqi Mi, who helped us greatly with 
this research; noun (name) in genitive case.

Diagnosis. Euochin mii sp. nov. resembles that of E. subwanyan (Wang & Li, 
2020) from China in having a tapered embolus, straight retrolateral tibial apophysis 
and similarly sized, paired atria, but it differs by the following: 1) embolus forming 
a disc at base (Fig. 5C) versus indistinct in E. subwanyan (Wang and Li 2020a: 
fig. 5C), 2) copulatory ducts about 1/7 diameter of spermatheca and curved 
anteromedially (Fig. 5C) versus about 1/4 diameter of spermatheca and twisted 
entirely in E. subwanyan (Wang and Li 2020a: fig. 6C). The female also closely 
resembles E.  luzonica Logunov, 2020 from Philippines in having thin copulatory 
ducts and large, spherical spermathecae, but it can be easily distinguished by 
the distance between the atrium and epigastric furrow, which is about 2/5 the 
spermathecal diameter (Fig. 6) but less than 1/10 the diameter in E. luzonica 
(Logunov 2020: fig. 15).

Description. Male (Figs 5, 6C, D, F, G). Total length 2.87. Carapace 1.64 long, 
1.23 wide. Abdomen 1.28 long, 0.94 wide. Clypeus 0.08 high. Eye sizes and inter-
distances: AME 0.39, ALE 0.27, PLE 0.22, AERW 1.26, PERW 1.09, EFL 0.72. Legs: 
I 3.73 (1.15, 1.43, 0.70, 0.45), II 2.91 (0.93, 1.00, 0.55, 0.43), III 3.41 (1.15, 1.05, 
0.78, 0.43), IV 3.51 (1.10, 1.13, 0.85, 0.43). Carapace dark brown, with longitudinal, 
yellow area and dark radial lines on thorax, bearing dense, bilateral, white setae and 
sparse, golden, thin setae, denser at eye base. Fovea dark red, longitudinal. Chelicerae 
orange to dark brown, with two promarginal teeth and one retromarginal tooth. En-
dites orange to dark, white entally at tip, broadened distally. Labium almost lingui-
form, with several dark setae distally. Sternum dark brown, heart-shaped. Legs dark 
brown except middle 1/2 of metatarsi and tarsi pale or pale yellow. Abdomen suboval, 
dorsum rufous, dotted, with a subtrapeziform yellow patch at anterior margin, pair of 
transverse yellow stripes medially, two large, irregular, pale markings posteriorly; venter 
dark brown, with four dotted lines.

Palp (Fig. 5A–D): tibia short, about 3 times wider than long in ventral view, with 
tapered, straight retrolateral tibial apophysis about 1.5 times longer than tibia; cym-
bium about 1.8 times longer than wide in ventral view; bulb swollen, with strongly 
curved sperm duct; embolus forming a disc at base, followed by tapered, knife-shaped 
portion, coiled into about 1/4 circle, and pointed apically.

Female (Fig. 6A, B, E). Total length 3.15. Carapace 1.59 long, 1.18 wide. 
Abdomen 1.67 long, 1.28 wide. Clypeus 0.08 high. Eye sizes and inter-distances: 
AME 0.38, ALE 0.25, PLE 0.22, AERW 1.19, PERW 1.08, EFL 0.72. Legs: I 2.76 
(0.88, 1.05, 0.48, 0.35), II 2.46 (0.75, 0.88, 0.48, 0.35), III 3.18 (1.03, 1.15, 0.65, 
0.35), IV 3.21 (1.00, 1.08, 0.78, 0.35). Habitus similar to that of male except with 
pale yellow legs and a distinct inverted triangular, yellow area across entire surface 
of thorax.
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Figure 5. Euochin mii sp. nov., male holotype palp A prolateral B retrolateral C ventral D dorsal. 
Scale bars: 0.1.

Epigyne (Fig. 6A, B): atria oval, paired; copulatory openings anteriorly located, 
close to each other; copulatory ducts thin, strongly curved before descending posteri-
orly to connect with median part of ental sides of spermathecae; spermathecae almost 
spherical, touching; fertilization ducts lamellar, transversely extending, originating 
from anterior portions of spermathecae.
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Figure 6. Euochin mii sp. nov., male holotype and female paratype A epigyne, ventral B vulva, dorsal 
C male holotype habitus, dorsal D ditto, ventral E female paratype habitus, dorsal F holotype carapace, 
frontal G holotype chelicera, posterior. Scale bars: 0.1 (A, B, G); 0.5 (C–F).
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Distribution. Known only from the type locality in Yunnan, China.
Comments. Wang and Li (2021) mentioned that the generic position of Euochin 

yaoi Wang & Li, 2021 may need further confirmation. This is true for the new species 
and the following one as well for the same reasons. 

Euochin tangi sp. nov.
https://zoobank.org/1BEE50AF-BF19-4FA2-8292-DAA5F3923486
Fig. 7

Type material. Holotype ♀ (IZCAS-Ar42930), China: Yunnan: Xishuangbanna, 
Mengla County, Xiaolongha Village, Xishuangbanna Biodiversity Conservation Cor-
ridor, ravine rainforest (21°24.25'N, 101°36.32'E, ca 760 m alt.), 16.xi.2013, Q. Zhao 
and Z. Chen leg. Paratype 1♀ (IZCAS-Ar42931), same data as holotype.

Etymology. The specific name is a patronym in honor of the late Guo Tang, a 
major collector of spiders from Xishuangbanna; noun (name) in genitive case.

Diagnosis. The new species can be easily distinguished from other congeners by 
the presence of anteromedial accessory glands of the copulatory ducts, and the long 
(longer than spermathecae) and medially fold copulatory ducts (Fig. 7A–C), which 
lack accessory glands of the copulatory ducts, and have short (shorter than spermathe-
cae) and not fold copulatory ducts in others (see Metzner 2022).

Description. Female (Fig. 7). Total length 3.82. Carapace 1.76 long, 1.41 wide. 
Abdomen 1.99 long, 1.48 wide. Clypeus 0.07 high. Eye sizes and inter-distances: 
AME 0.47, ALE 0.30, PLE 0.25, AERW 1.48, PERW 1.33, EFL 0.88. Legs: I 3.51 
(1.10, 1.38, 0.63, 0.40), II 3.01 (0.95, 1.15, 0.53, 0.38), III 3.79 (1.25, 1.28, 0.83, 
0.43), IV 4.07 (1.25, 1.38, 1.01, 0.43). Carapace yellow to dark brown, with pair of 
bilateral yellow bands and longitudinal, an irregular yellow band extending from the 
center of eye field to posterior margin, covered with dark and golden setae. Fovea thin, 
red-brown, longitudinal. Chelicerae yellow, with two promarginal teeth and one ret-
romarginal fissidental tooth. Endites paler than chelicerae, bearing dense, dark setae 
at ental margins. Labium dark brown. Sternum pale to yellow, covered with brown, 
thin setae. Legs pale to yellow. Abdomen suboval, dorsum gray-brown to dark brown, 
dotted, with a longitudinal, irregular gray band anteriorly followed by two pairs of 
muscle depressions, then several herringbone and arched stripes, as well as several 
pairs of irregular gray patches laterally; venter pale yellow, with irregular dark brown 
patches posteromedially.

Epigyne (Fig. 7A–C): slightly wider than long; atria oval, paired; copulatory open-
ings slit-like, beneath the anterior margin of median septum; copulatory ducts thick, 
posteriorly extending at origin, then curving bilaterally before folding, obliquely ex-
tending posteriorly to connect with anterior ental portions of spermathecae, with short 
accessory glands anteriorly; spermathecae subspherical, touching; fertilization ducts 
lamellar, originating from anterolateral portions of spermathecae.

Male. Unknown.
Distribution. Known only from the type locality in Yunnan, China.
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Figure 7. Euochin tangi sp. nov., female holotype A, B epigyne, ventral C vulva, dorsal D habitus, dorsal 
E ditto, ventral F carapace, frontal G chelicera, posterior. Scale bars: 0.1 (A–C, G); 0.5 (D–F).
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Genus Eupoa Żabka, 1985

Type species. Eupoa prima Żabka, 1985 from Vietnam by original designation.

Eupoa logunovi sp. nov.
https://zoobank.org/62C86F4D-CA74-4620-9C7A-8BCD97156B91
Figs 8, 9

Type material. Holotype ♂ (IZCAS-Ar42932), China: Yunnan: Xishuangbanna, 
Mengla County, Xiaolongha Village, Xishuangbanna Biodiversity Conservation Corri-
dor, ravine rainforest (21°24.25'N, 101°36.32'E, 760 ± 20 m alt.), 16.xi.2013, Q. Zhao 
and Z. Chen leg. Paratypes 1♂1♀ (IZCAS-Ar42933–42934), same data as holotype.

Etymology. The specific name is a patronym in honor of Dmitri V. Logunov, who con-
tributed significantly to the taxonomy of the genus Eupoa; noun (name) in genitive case.

Diagnosis. Eupoa logunovi sp. nov. can be easily distinguished from other conge-
ners by the long, twisted retrolateral femoral apophysis (longer than the tibia), which is 
absent or shorter than the tibia in others (see Metzner 2022). The female of this species 
resembles that of E. prima Żabka, 1985 from Vietnam in having very long copulatory 
ducts, but it can be easily distinguished by the presence of a concave septum (Fig. 9A) 
versus absent in E. prima (Żabka 1985: figs 167, 168), and by copulatory ducts that are 
connected to the baso-inner portions of  spermathecae (Fig. 9B), whereas in E. prima 
they are lateral to the spermathecae (Żabka 1985: fig. 169).

Description. Male (Figs 8, 9C, E–H). Total length 2.02. Carapace 1.02 long, 0.91 
wide. Abdomen 0.96 long, 0.74 wide. Clypeus 0.07 high. Eye sizes and inter-distances: 
AME 0.29, ALE 0.21, PLE 0.13, AERW 0.94, PERW 0.85, EFL 0.53. Legs: I 1.89 
(0.60, 0.68, 0.38, 0.23), II 1.61 (0.53, 0.55, 0.30, 0.23), III 1.61 (0.50, 0.50, 0.38, 
0.23), IV 2.28 (0.75, 0.80, 0.48, 0.25). Carapace yellow to dark brown, steeply sloped 
at posterior margin, with an inverted subtriangular yellow area extending from mid-
dle of eye field to posterior margin, bearing sparse setae at eye base. Fovea indistinct. 
Chelicerae pale to yellow, with two promarginal and four retromarginal teeth. En-
dites colored as chelicerae. Labium slightly darker than endites. Sternum almost heart-
shaped, paler medially, covered with thin, brown setae. Legs yellow, with three pairs of 
ventral spines on metatarsi and tibiae I, respectively. Abdomen suboval, dorsum dark, 
somewhat mingled with blue, with longitudinal, central, narrow yellow stripe across 
nearly the entire surface; venter pale, setose, without markings.

Palp (Fig. 8A–D): femur about 2.5 times longer than wide in retrolateral view, 
with tapered, S-shaped retrolateral apophysis twisted into pointed tip; patella slightly 
wider than femur, with spiraled retrolateral apophysis; tibia wider than long, with 
strongly sclerotized, tapered ventral apophysis extending posteriorly to blunt end and 
squarish retrolateral apophysis; cymbium setose; bulb swollen, oval; median apophysis 
transversely extending in ventral view, forming small hook distally; terminal apophysis 
lamellar, extending antero-retrolaterally, with blunt tip; embolus filiform, coiled into 
circle distally, tip extending beyond cymbial tip.
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Figure 8. Eupoa logunovi sp. nov., male holotype palp A ventral B retrolateral C dorsal D bulb, ventral. 
Scale bars: 0.1.
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Figure 9. Eupoa logunovi sp. nov., male holotype and female paratype A epigyne, ventral B vulva, dorsal 
C male holotype habitus, dorsal D female paratype habitus, dorsal E holotype habitus, ventral F holotype 
carapace, frontal G holotype chelicera, posterior H ditto, anterior. Scale bars: 0.1 (A, B, G, H); 0.2 (C–F).
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Female. (Fig. 9A, B, D). Total length 2.20. Carapace 0.95 long, 0.82 wide. Ab-
domen 1.18 long, 0.94 wide. Clypeus 0.08 high. Eye sizes and inter-distances: AME 
0.27, ALE 0.19, PLE 0.13, AERW 0.86, PERW 0.79, EFL 0.52. Legs: I 1.94 (0.60, 
0.73, 0.38, 0.23), II 1.59 (0.48, 0.58, 0.30, 0.23), III 1.61 (0.50, 0.50, 0.38, 0.23), IV 
2.46 (0.78, 0.90, 0.53, 0.25). Habitus similar to that of male except paler, with four 
distinct yellow bands on dorsum of abdomen.

Epigyne (Fig. 9A, B): wider than long; atrium large, suboval separated by concave 
septum, with pair of arched anterolateral ridges and U-shaped posterior ridge; copula-
tory openings anteriorly located; copulatory ducts membranous at origin, and then 
leading to lateral, twisted, sclerotized portions that descend obliquely and connect 
to the base of elongated spermathecae; fertilization ducts triangular, originating from 
anterior portion of spermathecae.

Distribution. Known only from the type locality in Yunnan, China.

Genus Indomarengo Benjamin, 2004

Type species. Indomarengo sarawakensis Benjamin, 2004 from Indonesia by 
original designation.

Indomarengo wengnan sp. nov.
https://zoobank.org/6FF5D3FD-D2AA-4F2F-9795-9A396EFA1F25
Fig. 10

Type material. Holotype ♀ (IZCAS-Ar42935), China: Yunnan: Xishuangbanna, 
Jinghong City, Meng’a Township, Wengnan Village, secondary forest (22°05.00'N, 
100°22.22'E, 1137 ± 12 m alt.), 25.xii.2012, Q. Zhao and Z. Chen leg.

Etymology. The specific name is derived from the name of the type locality and is 
a noun in apposition.

Diagnosis. Indomarengo wengnan sp. nov. resembles that of I. yui Wang & Li, 2020 
from China in having a similar habitus and L-shaped spermathecae, but it can be easily 
distinguished by the following: 1) atria separated from each other by more than their 
width (Fig. 10A–D) versus almost touching in I. yui (Fig. 11A–C); 2) copulatory ducts not 
coiled (Fig. 10A–D) versus distally coiled in I. yui (Fig. 11A–C). The species is also similar 
to Tauala elongatus Peng & Li, 2002 from China in the general habitus and the paired, 
separated atria, but it differs by the absence of accessory glands of the copulatory ducts and 
L-shaped spermathecae (Fig. 10A–D), whereas in T. elongatus the glands of the copulatory 
ducts are present and the spermathecae are tube-shaped (Peng and Li 2002: fig. 20).

Description. Female (Fig. 10A–J). Total length 3.55. Carapace 1.38 long, 0.79 
wide. Abdomen 2.03 long, 0.82 wide. Clypeus almost invisible. Eye sizes and inter-
distances: AME 0.29, ALE 0.13, PLE 0.11, AERW 0.73, PERW 0.77, EFL 0.51. 
Legs: I 2.66 (0.70, 1.13, 0.63, 0.20), II 1.68 (0.50, 0.63, 0.35, 0.20), III 1.59 (0.48, 
0.53, 0.38, 0.20), IV 2.23 (0.68, 0.85, 0.50, 0.20). Carapace flat, covered with thin 
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Figure 10. Indomarengo wengnan sp. nov., female holotype A, C epigyne, ventral B, D vulva, dorsal 
E habitus, dorsal F ditto, lateral G ditto, ventral H carapace, frontal I chelicera, posterior J leg I, prolat-
eral. Scale bars: 0.1 (A–D, G); 0.5 (E–G); 0.2 (H, J).
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setae anteromedially, bearing four clusters of white scales with two posterolateral to 
AMEs and two posterolaterally located on thorax. Chelicerae with two promarginal 
and three retromarginal teeth. Endites longer than wide, pale the ental sides. labium 
dark. Sternum elongated, almost fusiform. Legs I strongest, with enlarged tibia bearing 
cluster of leaf-like scales and five spines ventrally, others pale, with dark brown stripes 
laterally on femora and tibia. Abdomen elongated, dorsum brown to dark brown, with 
subtrapezoid sclerite near anterior margin and pair of indistinct white patches of setae 
laterally on anterior 1/3; venter gray-brown, without distinct markings.

Epigyne (Fig. 10A–D): longer than wide; atria paired, almost round, separated 
from each other by more than their diameter, with pair of semicircular anterolateral 
atrial ridges; copulatory ducts flat, broad, extending posteriorly along longitudinal axis 
at anterior half, before contrary extending and leading to the slender parts that slightly 
curved medially and connected to lateral part of spermathecae; spermathecae promi-
nent, L-shaped, with hemispherical processes at anterior margins; fertilization ducts 
originating from middle of longitudinally extending portions of spermathecae.

Male. Unknown.
Distribution. Known only from the type locality in Yunnan, China.
Comments. According to the morphological characters, the new species and I. yui 

are similar to I. thomsoni (Wanless, 1978) and Philates chelifer (Simon, 1900) in hav-
ing an elongated, flat body, a specific form of the copulatory ducts, and prominent 
spermathecae, which are absent in the type species of Indomarengo and Philates Simon, 
1900, but both may not monophyletic and need further revision. We provisionally 
place our two species in Indomarengo.

Indomarengo yui Wang & Li, 2020
Fig. 11

Indomarengo yui Wang & Li, 2020b: 51, figs 5A–D, 6A–E (male holotype, examined).

Material examined. 1♂1♀ (IZCAS-Ar42936–42937), China: Yunnan: Xishuangban-
na, Mengla County, Huigang Village, Xilu habitat restoration area, seasonal rainforest 
(21°37.05'N, 101°35.27'E, 760 ± 25 m alt.), 12.xii.2012, Q. Zhao and Z. Chen leg.; 
1♀ (IZCAS-Ar42938), Menglun Nature Reserve, secondary tropical forest, around 
garbage dump (21°54.17'N, 101°16.87'E, ca 610 m alt.), 31.xii.2018, Z. Bai et al. leg.

Diagnosis. The male was thoroughly diagnosed by Wang and Li (2020b). The female 
resembles that of I. thomsoni (Wanless, 1978) from Borneo in having a similar epigyne, but 
it can be easily distinguished by the paired atria and L-shaped spermathecae (Fig. 11A–C), 
whereas there is a single atrium and irregular spermathecae in I. thomsoni (Wanless 1978b: 
fig. 8B, D, E). The species also resembles Philates chelifer from Indonesia, but it can be eas-
ily distinguished by having the abdomen with pair of round patches and a transverse band 
anteriorly (Fig. 11E), which are absent in P. chelifer, and by the L-shaped spermathecae 
(Fig. 11C), which are almost U-shaped in P. chelifer (Benjamin 2004: fig. 26C).
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Description. Male (Fig. 11D). See Wang and Li (2020b).
Female (Fig. 11A–C, E–G). Total length 3.20. Carapace 1.20 long, 0.79 wide. 

Abdomen 1.73 long, 0.76 wide. Clypeus almost invisible. Eye sizes and inter-distances: 
AME 0.28, ALE 0.12, PLE 0.11, AERW 0.73, PERW 0.78, EFL 0.51. Legs: I 2.48 
(0.68, 1.05, 0.55, 0.20), II 1.57 (0.48, 0.58, 0.33, 0.18), III 1.51 (0.48, 0.50, 0.35, 
0.18), IV 2.07 (0.64, 0.80, 0.45, 0.18). Carapace flat, red-brown to dark, covered with 
thin setae, bearing four clusters of white scales. Chelicerae, endites, labium, sternum, 
and legs similar to that of male. Abdomen elongated, dorsum brown to dark brown, 
with subtrapezoid sclerite, pair of round pale patches near anterior margin, followed 
by transverse pale band bearing pair of white patches at lateral margins; venter pale.

Figure 11. Indomarengo yui A, B epigyne, ventral C vulva, dorsal D male habitus, dorsal E female habi-
tus, dorsal F ditto, lateral G ditto, ventral. Scale bars: 0.1 (A–C); 0.5 (D–G).
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Epigyne (Fig. 11A–C): longer than wide, with arched atrial ridge anteriorly; atria 
paired, oval, nearly touching; copulatory openings located at base of atria; copulatory 
ducts posterolaterally extending before returning to the middle part, then continuing, 
coiled into two semicircles, connecting to the lateral sides of spermathecae; spermathe-
cae prominent, almost L-shaped, with small, hemispheric processes at anterior mar-
gins; fertilization ducts originating from anterior portions of longitudinal extensions 
of spermathecae.

Distribution. Known only from the type locality in Yunnan, China.

Genus Laufeia Simon, 1889

Type species. Laufeia aenea Simon, 1889 from Japan by original designation.

Laufeia zhangae sp. nov.
https://zoobank.org/27C8FE88-B067-4B7B-A496-E9B377518ECA
Figs 12, 13

Laufeia squamata Logunov & Jäger, 2015: 355, figs 33–36 (♂, mismatched).

Type material. Holotype ♂ (IZCAS-Ar42939), China: Yunnan: Xishuangban-
na, Jihong City, Mengyang Township, seasonal forest (22°09.77'N, 100°52.55'E, 
860 ± 30 m alt.), 22.xii.2012, Q. Zhao and Z. Chen leg. Paratypes 1♂ (IZCAS-
Ar42940), Menglun Township, 55 km from Xishuangbanna National Nature Reserve, 
artificial Ficus microcarpa forest (21°54.97'N, 100°16.05'E, ca 610 m alt.), 21.viii.2011, 
Q. Zhao leg.; 1♀ (IZCAS-Ar42941), 55 km from Xishuangbanna National Nature 
Reserve, seasonal rainforest (21°57.70'N, 101°12.52'E, 670 ± 30 m alt.), Q. Zhao 
and Z. Chen leg.; 1♀ (IZCAS-Ar42942), Mengyang Township, seasonal rainforest 
off Baihuashan tunnel (22°09.53'N, 101°55.21'E, 860 ± 12 m alt.), 16. xii.2012, Q. 
Zhao and Z. Chen leg.

Etymology. The species name is a patronym in honor of Ms Junxia Zhang, who 
has contributed greatly to the taxonomy of jumping spiders worldwide; noun (name) 
in genitive case.

Diagnosis. Laufeia zhangae sp. nov. closely resembles L. aenea Simon, 1889 from 
China, Korea, and Japan in general habitus and copulatory organs, but it can be eas-
ily distinguished by the following: 1) embolus lacks a branched projection (Fig. 12C) 
versus branched projection present in L. aenea (Ikeda 1998: fig. 6); 2) tibia with a sub-
triangular ventral apophysis (Fig. 12C) versus ventral apophysis indistinct in L. aenea 
(Ikeda 1998: fig. 6); 3) copulatory openings slit-like (Fig. 13A) versus openings oval 
in L. aenea (Ikeda 1998: fig. 7); 4) copulatory ducts with proximal conical accessory 
glands (Fig. 13B) versus glands indistinct in L. aenea (Ikeda 1998: fig. 8).

Description. Male (Figs 12, 13C, D, F, G). Total length 3.56. Carapace 1.83 long, 
1.39 wide. Abdomen 1.92 long, 1.31 wide. Clypeus 0.03 high. Eye sizes and inter-
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Figure 12. Laufeia zhangae sp. nov., male holotype palp A prolateral B retrolateral C ventral D dorsal. 
Scale bars: 0.1.

distances: AME 0.36, ALE 0.25, PLE 0.22, AERW 1.18, PERW 0.88, EFL 0.78. Legs: 
I 3.61 (1.13, 1.50, 0.58, 0.40), II 2.96 (0.90, 1.13, 0.53, 0.40), III 2.96 (0.95, 1.08, 
0.53, 0.40), IV 3.01 (0.90, 1.13, 0.58, 0.40). Carapace squarish, red-brown to dark 
brown, covered with dense, white setae, and golden setae on anterior eye bases and 
clypeus. Fovea dark, longitudinal. Chelicerae dark red to dark, with two promarginal 
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Figure 13. Laufeia zhangae sp. nov., male holotype and female paratype A epigyne, ventral B vulva, 
dorsal C male holotype habitus, dorsal D ditto, ventral E female paratype habitus, dorsal F holotype 
carapace, frontal G holotype chelicera, posterior. Scale bars: 0.1 (A, B, G); 0.5 (C–F).
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teeth and one retromarginal fissidental tooth with two cusps. Endites red-brown to 
dark, broadened distally, bearing dense, dark setae at ental margins. Labium dark, 
almost linguiform. Sternum yellow, covered with pale, thin setae. Legs pale yellow to 
dark brown. Abdomen suboval, with large, irregular, dark brown patch and two pairs 
of muscle depressions, covered with short, white, thin setae; venter brown to dark 
brown, dotted laterally, with pair of dotted lines medially.

Palp (Fig. 12A–D): tibia short, about 1.5 times wider than long in retrolateral 
view, with strongly sclerotized, subtriangular ventral apophysis pointed apically, and 
tapered retrolateral apophysis slightly curved, extending antero-prolaterally to a blunt 
tip in retrolateral view; cymbium about 1.7 times longer than wide in ventral view, 
with sparse, long, white scales at dorsum of proximal portion; bulb longer than wide, 
with subtrapezoid posterior lobe; embolus strongly sclerotized, short, curved towards 
retrolateral side distally, with a pointed tip directed towards about 1:00 position, and 
a tapered, blunt basal tooth.

Female (Fig. 13A, B, E). Total length 3.15. Carapace 1.67 long, 1.26 wide. Ab-
domen 1.64 long, 1.13 wide. Clypeus 0.03 high. Eye sizes and inter-distances: AME 
0.33, ALE 0.23, PLE 0.19, AERW 1.05, PERW 0.87, EFL 0.69. Legs: I 2.66 (0.83, 
1.20, 0.38, 0.25), II 2.36 (0.78, 0.95, 0.38, 0.25), III 2.60 (0.85, 0.95, 0.50, 0.30), IV 
2.89 (0.88, 1.10, 0.58, 0.33). Habitus similar to that of male except paler.

Epigyne (Fig. 13A, B): wider than long, with pair of shallow hoods anteriorly; 
copulatory openings anteriorly located, slit-like; copulatory ducts swollen at origin, 
extending posteriorly to connect with the base of ental sides of posterior chambers of 
spermathecae, with proximal, conical accessory glands; spermathecae divided into two 
sub-spherical chambers; fertilization ducts anterior to anterior chamber of spermathe-
cae, extended transversely.

Distribution. China (Yunnan), Vietnam.

Genus Rhene Thorell, 1869

Type species. Rhanis flavigera C. L. Koch, 1846 from Indonesia by original designation.

Rhene triapophyses Peng, 1995
Figs 14, 15

Rhene triapophyses Peng, 1995: 35, figs 1–5 (male holotype, not examined); Peng 2020: 
395, fig. 288a–e.

Material examined. 1♂3♀ (IZCAS-Ar42943–42946), China: Yunnan, Xishuang-
banna, Mengla County, Menglun Town, Xishuangbanna Tropical Botanical Garden, 
Yulinjiegou (21°55.05'N, 101°16.24'E, ca 570 m alt.), 19.xii.2018, X. Mi et al. leg.; 
1♂1♀ (IZCAS-Ar42947–42948), 1 site in Mafengzhai (21°53.45'N, 101°17.40'E, ca 
543 m alt.), 29.ix.2019, Y. Tong et al. leg.
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Diagnosis. Rhene triapophyses Peng, 1995 closely resembles that of R. setipes Żabka, 
1985 from China, Vietnam and Japan in the general shape of the habitus and copula-
tory organs, but it differs in the following: 1) embolic division includes two terminal 
apophyses (Fig. 14B) versus only one terminal apophysis in R. setipes (Żabka 1985: 
fig. 563); 2) anteromedially, retrolateral tibial apophysis extending antero-retrolaterally 
(Fig. 14C) versus extending antero-prolaterally in R. setipes (Żabka 1985: fig. 564); 3) 
female almost indistinguishable from R. setipes except in the form of the copulatory 
ducts and atria (Fig. 15A–C vs Tanikawa 1993: figs 10, 11).

Description. Male (Figs 14, 15D, E, G–I). Total length 4.07. Carapace 1.93 long, 
1.90 wide. Abdomen 2.30 long, 1.83 wide. Clypeus 0.08 high. Eye sizes and inter-dis-
tances: AME 0.42, ALE 0.22, PLE 0.20, AERW 1.43, PERW 1.87, EFL 1.24. Legs: 
I 4.66 (1.63, 1.85, 0.68, 0.50), II 3.19 (1.08, 1.13, 0.58, 0.40), III 2.98 (1.00, 0.98, 
0.60, 0.40), IV 3.88 (1.33, 1.40, 0.75, 0.40). Carapace red-brown to dark brown, al-
most hexagonal, with large, irregular dark brown patch at center of eye field, covered 
with dense setae. Fovea indistinct. Chelicerae red-brown, with two promarginal teeth 
and one retromarginal tooth, the paturon covered by papillae, with distinct incision on 
anterior surface. Endites typical, bearing dark setae entally. Labium darker than endites. 
Sternum almost oval, bearing pale, thin setae. Legs I strongest, with enlarged femora, two 
pairs of ventral spines on tibia and three ventral spines on metatarsi, other legs yellow to 
dark brown, with slightly enlarged femora. Abdomen suboval, dorsum red-brown, yel-
low posteriorly, with an irregular, longitudinal dark patch anteromedially followed by a 
broad, transverse, dark brown band, covered with short, pale white, thin setae and wholly 
covered by large scutum; venter brown, with a pair of longitudinal, dark stripes medially.

Figure 14. Rhene triapophyses, male palp A prolateral B ventral C retrolateral. Scale bars: 0.1.
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Figure 15. Rhene triapophyses A, B epigyne, ventral C vulva, dorsal D male habitus, dorsal E ditto, ven-
tral F female habitus, dorsal G male carapace, frontal H male chelicera, posterior I male leg I, prolateral. 
Scale bars: 0.1 (A–C, H); 0.5 (D–F, I); 0.2 (G).
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Palp (Fig. 14A–D): tibia almost as long as wide, with tapered retrolateral apophysis 
distally curved inward to a pointed tip; cymbium about 1.5 times longer than wide; 
bulb slightly swollen posteromedially, with tapered sperm duct, sinuous retrolaterally; 
embolus originating from middle of anterior margin of bulb, bar-shaped, blunt api-
cally, division with two spiny apophyses.

Female (Fig. 15A–C, F). Total length 4.32. Carapace 2.04 long, 1.96 wide. 
Abdomen 2.50 long, 1.86 wide. Clypeus 0.08 high. Eye sizes and inter-distances: 
AME 0.40, ALE 0.22, PLE 0.20, AERW 1.43, PERW 1.96, EFL 1.29. Legs: I 4.00 
(1.45, 1.55, 0.55, 0.45), II 3.13 (1.08, 1.15, 0.50, 0.40), III 3.08 (1.03, 1.05, 0.60, 
0.40), IV 4.09 (1.33, 1.53, 0.83, 0.40). Habitus similar to that of male except paler 
and without dorsal scutum on abdomen.

Epigyne (Fig. 15A–C): wider than long, with broad posterior hood distant from 
epigastric furrow; atria paired, oval, separated from each other by slightly more than 
width of epigynal hood; copulatory ducts long, transversely extending before curving 
90° then descending posteriorly, continuing into an S-shaped coil; spermathecae indis-
tinct; fertilization ducts lamellar, extending anterolaterally.

Distribution. China (Yunnan).
Comments. The male of the new material is almost identical with the holotype in 

palpal and cheliceral structure except detail difference in the length of the apophyses 
of embolic division. Moreover, material studied in this paper were collected from the 
same locality as holotype in Menglun County, Xishuangbanna, China.

Genus Simaetha Thorell, 1881

Type species. Simaetha thoracica Thorell, 1881 from Australia by original designation.

Simaetha huigang sp. nov.
https://zoobank.org/C45C3830-6985-49C1-B781-9FF7B7EFB63C
Figs 16, 17

Type material. Holotype ♂ (IZCAS-Ar42949), China: Yunnan: Xishuangbanna, Mengla 
County, Huigang Village, Xilu habitat restoration area, seasonal rainforest (21°37.05'N, 
101°35.27'E, 764 ± 25 m alt.), 12.xii.2012, Q. Zhao and Z. Chen leg. Paratypes 1♀ 
(IZCAS-Ar42950), same data as holotype; 1♂ (IZCAS-Ar42951), Menglun Town, Men-
glun Nature Reserve, 2 site of Leprosy Village (21°53.59'N, 101°17.30'E, ca 550 m alt.), 
4.v.2019, Y. Tong et al. leg; 1♂1♀ (IZCAS-Ar42952–42953), Xiaolongha Village, diver-
sity conservation corridor of Xishuangbanna National Nature Reserve, seasonal rainforest 
(21°24.19'N, 101°37.03'E, 657 ± 15 m alt.), 29.xi.2012, Q. Zhao and Z. Chen leg.

Etymology. The species name is a noun in apposition derived from the holo-
type locality.
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Figure 16. Simaetha huigang sp. nov., male holotype palp A prolateral B retrolateral C ventral D dorsal. 
Scale bars: 0.1.
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Diagnosis. Simaetha huigang sp. nov. closely resembles S. cheni from China in 
the general shape of the habitus and copulatory organs, but it differs in the following: 
1) dorsal tibial apophysis less than 1/4 tibial length in retrolateral view (Fig. 16B) 
versus more than 1/2 tibial length in S. cheni (Wang and Li 2021: fig.  18C); 2) 
cheliceral paturon lacks process (Fig. 17F, G) versus process present mediolaterally 
on anterior surface in S. cheni (Wang and Li 2021: fig. 19G, H); 3) epigynal hood 
almost as long as posterior chamber of spermathecae (Fig. 17A, B) versus less than 
1/2 length of posterior chamber of spermathecae in S. cheni (Wang and Li 2021: 
fig. 19A–C).

Description. Male (Figs 16, 17C, D, F, G). Total length 2.77. Carapace 1.36 
long, 1.11 wide. Abdomen 1.60 long, 1.17 wide. Clypeus 0.02 high. Eye sizes and 
inter-distances: AME 0.32, ALE 0.17, PLE 0.15, AERW 0.92, PERW 1.04, EFL 
0.75. Legs: I 2.96 (1.00, 1.20, 0.43, 0.33), II 2.11 (0.68, 0.73, 0.40, 0.30), III 1.93 
(0.65, 0.60, 0.40, 0.28), IV 2.41 (0.85, 0.83, 0.43, 0.30). Carapace red-brown to 
dark, squarish, slightly narrowed at anterior half, covered with dense setae and scales. 
Fovea indistinct. Chelicerae yellow-brown, with two promarginal and one retromar-
ginal fissidental tooth with two cusps. Endites longer than wide, bearing dense setae 
at ental margins. Labium darker than endites. Sternum 1.5 times longer than wide, 
covered by pale, long, thin setae. Legs I strongest, covered with pale and blue scales 
on enlarged femora and tibiae, with two pairs of spines on tibiae and metatarsi, re-
spectively; other legs yellow to dark. Abdomen oval, the dorsum with a large, irregular 
dark band followed by a broad, transverse, yellow band, entirely covered by large 
scutum, bearing short, pale, thin setae; venter dark brown, laterally with pair of lon-
gitudinal, pale setal stripes.

Palp (Fig. 16A–D): tibia wider than long in ventral view, with short, straight, 
lamellar dorsal apophysis slightly pointed apically; cymbium about 1.8 times longer 
than wide, with lamellar, proximal retrolateral process; bulb almost round, with sperm 
duct extending along submargin; embolus flat, about 1/2 the bulb length, originating 
from antero-prolateral portion of bulb, slightly curved medially, blunt apically.

Female (Fig. 17A, B, E). Total length 2.99. Carapace 1.32 long, 1.02 wide. Ab-
domen 1.70 long, 1.09 wide. Clypeus 0.02 high. Eye sizes and inter-distances: AME 
0.30, ALE 0.16, PLE 0.15, AERW 0.91, PERW 1.02, EFL 0.67. Legs: I 2.19 (0.73, 
0.73, 0.43, 0.30), II 1.70 (0.55, 0.60, 0.30, 0.25), III 1.64 (0.53, 0.53, 0.33, 0.25), IV 
2.23 (0.78, 0.80, 0.40, 0.25). Habitus similar to that of male except paler.

Epigyne (Fig. 17A, B): wider than long, with large, central, bell-shaped hood 
almost equal in length to posterior chamber of spermathecae; copulatory openings 
lateral to base of hood, slit-like; copulatory ducts thick, connected with anterior 
portions of anterior chambers of spermathecae; spermathecae divided into two 
chambers, anterior chamber oval, extending posteriorly, posterior chamber 
almost spherical, separated from each other by 1/4 their diameter; fertilization 
ducts originating from anterior portions of posterior chamber of spermathecae, 
extending anterolaterally.

Distribution. Known only from the type locality in Yunnan, China.
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Figure 17. Simaetha huigang sp. nov., male holotype and female paratype A epigyne, ventral B vulva, 
dorsal C male holotype habitus, dorsal D ditto, ventral E female paratype habitus, dorsal F holotype 
carapace, frontal G holotype chelicera, anterior. Scale bars: 0.1 (A, B, G); 0.5 (C–E); 0.2 (F).
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Genus Synagelides Strand, 1906

Type species. Synagelides agoriformis Strand, 1906 from Japan by original designation.

Synagelides cheni sp. nov.
https://zoobank.org/D1842C11-3FDF-44AC-AA58-271BEBAF31F2
Fig. 18

Type material. Holotype ♀ (IZCAS-Ar42954), China: Yunnan: Xishuangbanna, 
Mengla County, Menglun Township, 55 kilometers from Xishuangbanna National Na-
ture Reserve, ravine rainforest (21°57.68'N, 101°12.03'E, 718 ± 11 m alt.), 12.xi.2013, 
Q. Zhao and Z. Chen leg. Paratype 1♀ (IZCAS-Ar42955), same data as holotype.

Etymology. The specific name is a patronym in honor of Zhigang Chen, one of 
the collectors of the new species; noun (name) in genitive case.

Diagnosis. Synagelides cheni sp. nov. resembles that of S. tangi Liu, Chen, Xu & 
Peng, 2017 from China in having anteriorly located, paired, arched atrial ridges and a 
centrally located epigynal hood, but it can be easily distinguished by the following: 1) 
atrial ridges occupying nearly entire anterior 1/2 of epigyne (Fig. 18 A, B) versus oc-
cupying about anterior 1/3 of the epigyne in S. tangi (Liu et al. 2017: figs 4C, D, 5E, 
F); 2) epigynal hood about three times wider than long (Fig. 18A) versus about as long 
as wide in S. tangi (Liu et al. 2017: figs 4C, 5E).

Description. Female (Fig. 18). Total length 4.38. Carapace 2.04 long, 1.46 wide. 
Abdomen 2.33 long, 1.28 wide. Clypeus 0.05 high. Eye sizes and inter-distances: AME 
0.50, ALE 0.31, PLE 0.29, AERW 1.48, PERW 1.45, EFL 1.14. Legs: I 3.74 (1.58, 
1.28, 0.55, 0.33), II 3.56 (1.10, 1.33, 0.75, 0.38), III 3.71 (1.10, 1.30, 0.93, 0.38), 
IV 5.13 (1.45, 1.98, 1.25, 0.45). Carapace stippled, yellow to dark, covered with dark 
and pale setae. Fovea oval, hollow. Chelicerae yellow, with two promarginal teeth and 
one retromarginal fissidental tooth with two cusps. Endites slightly paler than chelicer-
ae. Labium dark yellow, bearing several dark setae at distally. Sternum yellow, almost 
shield-like. Legs pale to yellow, with four and two pairs of ventral spines on metatarsi 
and tibiae I, respectively. Abdomen elongated, dorsum dark brown, with two pairs of 
muscle depressions medially, two wavy, transverse dark stripes and two transverse dot-
ted lines posteriorly; venter pale, with longitudinal, gray-brown stripe anteromedially.

Epigyne (Fig. 18A, B): slightly longer than wide, with pair of arched atrial ridges 
occupying nearly entire anterior half, subtrapezoid median plate bearing an inverted 
boat-shaped hood about three times wider than long; copulatory openings small, situ-
ated at base of atrial ridges; copulatory ducts descending, forming C-shape, terminally 
with transversely extending, bar-shaped accessory glands; spermathecae almost L-
shaped, with spherical lateral and oval ental portions; fertilization ducts lamellar, origi-
nating from anterior margins of ental portions of spermathecae, extending transversely.

Male. Unknown.
Distribution. Known only from the type locality in Yunnan, China.
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Abstract
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Introduction

The genus Sinopoda was established by Jäger (1999). As currently recognised, it 
comprises 137 species, of which 71 species were recorded from China, representing 
51.8% of the global species [World Spider Catalog (WSC) 2022]. The genus has 
been reported from East Asia (85 species in China, Japan, and Korea), Southeast Asia 
(50 species in Brunei, Indonesia, Laos, Malaysia, Myanmar, Thailand, and Vietnam) 
and South Asia (a single species in India) (Zhang et al. 2021).

We have found two Sinopoda species present in collections from China in the past 
year. The discovery of one of these species, Sinopoda muyuensis sp. nov. from Hubei 
represents the first record of this species in Shennongjia Forestry District. Furthermore, 
specimens of Sinopoda wuyiensis Liu, 2021 from Fujian have allowed us to provide the 
first description of the male of the species.

Materials and methods

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

Leg measurements are shown as: total length (femur, patella, tibia, metatarsus, 
tarsus). Number of macrosetae is listed for each segment in the following order: 
prolateral, dorsal, retrolateral, ventral (in femora and patellae ventral spines are 
absent and fourth digit is omitted in the setation formula). Abbreviations used in 
the text and figures are given below: AB = anterior bands, ALE = anterior lateral 
eye, AME = anterior median eye, AW = anterior width of carapace, C = conductor, 
CH = clypeus height, dRTA = dorsal branch of RTA, E = embolus, EA = embolic 
apophysis, FD  =  fertilization duct, FE = femur, GA = glandular appendage, 
LL  =  lateral lobes, LS  =  lobal septum, MS  =  membranous sac, Mt = metatarsus, 
OL = opisthosoma length, OW = opisthosoma width, Pa = patella, PI = posterior 
incision of LL, PL = carapace length, PLE = posterior lateral eyes, PME = posterior 
median eyes, Pp = palp or palpus, PP = posterior part of spermathecae, PW = carapace 
width, RTA  =  retrolateral tibial apophysis, SP  =  spermophor, SS = slit sensillum, 
ST  =  subtegulum, T= tegulum, Ta = tarsus, Ti =  tibia. I, II, III, IV–legs I to IV, 
TP = tegular protrusion, vRTA = ventral branch of RTA, HUST = School of Nuclear 
Technology and Chemistry and Biology, Hubei University of Science and Technology, 
Xianning, Hubei, China.
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Taxonomy

Family Sparassidae Bertkau, 1872
Subfamily Heteropodinae Thorell, 1873

Genus Sinopoda Jäger, 1999

Type species. Sarotes forcipatus Karsch, 1881
Diagnosis. See Jäger (1999), Liu et al. (2008), Zhang et al. (2015), and Grall and 

Jäger (2020).
Composition. Within the genus Sinopoda, five groups were established by Jäger 

and Ono (2000), Grall and Jäger (2020) and Zhang et al. (2021): S. anguina-group (S. 
anguina Liu, Li & Jäger, 2008, S. bifurca Grall & Jäger, 2020, S. bispina Grall & Jäger, 
2020, S. fornicata Liu, Li & Jäger, 2008, S. improcera Zhong et al., 2019, S. lata Zhong 
et al., 2019, S. longicymbialis Grall & Jäger, 2020, S. mamillata Zhong, Cao & Liu, 
2017, S. nanphagu Grall & Jäger, 2020, S. phiset Grall & Jäger, 2020, S. rotunda Grall & 
Jäger, 2020 and S. tuber Grall & Jäger, 2020); S. chiangmaiensis-group (S. chiangmaiensis 
Grall & Jäger, 2020, S. lot Grall & Jäger, 2020 and S. phathai Grall & Jäger, 2020); S. 
globosa-group (S. globosa Zhang, Zhang & Zhang, 2015, S. longiducta Zhang, Zhang & 
Zhang, 2015, S. mi Chen & Zhu, 2009, S. ovata Zhong et al., 2019, S. triangula Liu, 
Li & Jäger, 2008 and S. yaanensis Zhong et al., 2019); S. tumefacta-group (S. crassa Liu, 
Li & Jäger, 2008, S. dehiscens Zhong et al., 2019, S. erromena Zhong et al., 2019, S. 
tumefacta Zhong et al., 2019, S. yanlingensis Zhong et al., 2019 and S. yaojingensis Liu, 
Li & Jäger, 2008); S. okinawana-group [S. forcipata (Karsch, 1881), S. cochlearia Zhang, 
Zhang & Zhang, 2015, S. derivata Jäger & Ono, 2002, S. fasciculata Jäger Gao & Fei, 
2002, S. guangyuanensis Zhong et al., 2018, S. hamata (Fox, 1937), S. koreana (Paik, 
1968), S. okinawana Jäger & Ono, 2000, S. tanikawai Jäger & Ono, 2000, S. wangi 
Song & Zhu, 1999]. Ninety-six other species have not yet been grouped.

Sinopoda muyuensis sp. nov.
https://zoobank.org/4BCEBD12-8C2A-44EA-9180-DDE1FB4ACD39
Figs 1, 2, 4A, B, E–H, 5A, B, 6

Type material. Holotype: ♂ (HUST 0003), China: Hubei: Shennongjia Forestry 
District, Muyu Town, Guanmenshan Scenic Area; 31.45°N, 110.40°E; alt. 1200 m; 
10.XII.2021; Y. Zhong leg. Paratypes (HUST): 2♂, 3♀, same data as holotype.

Etymology. ‘Muyu’ refers to the type locality of this species, Muyu Town.
Diagnosis. The male of Sinopoda muyuensis sp. nov. resembles S. angulata Jäger, 

Gao & Fei, 2002 (Zhu et al. 2020: figs 1A–C, 2A–C) and S. yichangensis Zhu, Zhong 
& Yang, 2020 (Zhu et al. 2020: figs 4A–C, 5A–C; Gong and Zhong 2021: figs 2A–C) 
in having the embolus distally filiform, as long as the embolic apophysis, and RTA 
arising subdistally from tibia, but the new species can be separated from S. angulata by 
the posterior margins of the embolic apophysis being distinctly humped (smooth in 
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S. angulata); from S. yichangensis by the tip of embolic apophysis with a pointed end 
(blunt in S. yichangensis). Females are similar to those of S. angulata (Zhu et al. 2020: 
fig. 2D, E) in having the epigyne with a lobal septum ~ 1/4 of the epigynal width, 
posterior part of the spermathecae considerably larger than the glandular projection, 
and the angle of the diverging internal duct system ~ 80°, but distinguished by the 
vulva with its internal duct system not touching (touching along the median line in 
S. angulata); glandular appendages extending into the median half of the internal duct 
system (anterior half in S. angulata); ends of internal duct system nearly straight in 
dorsal view (bent at 180° in S. angulata) (Figs 1, 2).

Figure 1. Sinopoda muyuensis sp. nov., holotype male A–C palp, left (A prolateral view B ventral 
view C retrolateral view). Abbreviations: C – conductor, dRTA – dorsal branch of RTA, E – embolus, 
EA – embolic apophysis, SP – spermophore, T – tegulum, vRTA – ventral branch of RTA. Red arrow: 
embolic apophysis projection. Scale bar: 0.5 mm.
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Figure 2. Sinopoda muyuensis sp. nov., paratype female A epigyne B vulva (A ventral view B dorsal view). 
Abbreviations: AB – anterior bands, FD – fertilisation duct, GA – glandular appendage, LL – lateral lobes, 
LS – lobal septum, MS – membranous sac, PP – posterior part of spermathecae, SS – slit sensillum. Scale 
bar: 0.5 mm.
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Description. Male. PL 5.3, PW 4.7, AW 2.5, OL 5.8, OW 3.9. Eyes: AME 0.19, 
ALE 0.31, PME 0.22, PLE 0.32, AME–AME 0.20, AME–ALE 0.16, PME–PME 
0.28, PME–PLE 0.36, AME–PME 0.38, ALE–PLE 0.25, CH AME 0.19, CH ALE 
0.26. Setation: Palp: 131, 101, 1100; Fe: I–III 323, IV 321; Pa: I–IV 101; Ti: I–IV 
2326; Mt: I–II 1014, III 2026, IV 3036. Measurements of palp and legs: Palp 6.8 (2.4, 
1.3, 1.3, –, 1.8), I 17.6 (4.4, 1.4, 5.5, 4.9, 1.4), II 19.1 (5.6, 1.7, 6.5, 3.9, 1.4), III 
15.7 (4.9, 1.5, 4.8, 3.3, 1.2), IV 15.9 (5.3, 1.5, 4.8, 3.3, 1.0). Leg formula: II-I-IV-III. 
Cheliceral furrow with three anterior and four posterior teeth, and with ~ 36 denticles 
(Fig. 4A). Carapace yellowish brown dorsally, with yellow transversal stripe posteriorly, 
with shallow fovea and radial furrows. Chelicerae deep reddish brown. Sternum yel-
low with brown margin. Endites and labium deep yellowish brown, with margin deep 
brown. Legs yellowish brown, covered by short spines. Opisthosoma yellowish brown 
dorsally, with three pairs of dark patches laterally. Opisthosoma uniformly yellowish 
brown with some brown patches ventrally (Fig. 4E, F).

Palp as in Fig. 1. Cymbium distinctly longer than tibia. Embolus S-shaped, arising 
from tegulum at nearly the 6-o’ clock-position in ventral view. Conductor arising at 
12- to 1-o’ clock-position from tegulum. RTA arising mesially to distally from tibia, 
with distinct brush of stiff setae. dRTA slender, finger-shaped, vRTA roughly rectan-
gular in retrolateral view.

Female. PL 5.7, PW 4.8, AW 3.1, OL 5.9, OW 3.9. Eyes: AME 0.16, ALE 0.25, 
PME 0.18, PLE 0.25, AME–AME 0.27, AME–ALE 0.09, PME–PME 0.33, PME–
PLE 0.35, AME–PME 0.32, ALE–PLE 0.28, CH AME 0.20, CH ALE 0.25. Seta-
tion: Palp: 131, 101, 2026, 1014; Fe: I–III 323, IV 321; Pa: I–IV 000; Ti: I–III 2026, 
IV 2024; Mt: I–II 1014, III 2026, IV 3036. Measurements of palp and legs: Palp 5.8 
(1.9, 0.8, 1.3, –, 1.8), I 14.6 (4.5, 2.4, 4.1, 2.3, 1.3), II 16.9 (5.2, 2.4, 4.1, 3.8, 1.4), 
III 13.2 (4.4, 2.0, 3.0, 2.6, 1.2), IV 14.2 (4.7, 1.8, 3.4, 3.0, 1.3). Leg formula: II-I-
IV-III. Cheliceral furrow with three anterior and four posterior teeth, and with ~ 45 
denticles (Fig. 4B).

Copulatory organ as in Fig. 2. Epigynal field wider than long, with short anterior 
bands and one slit sensillum on each side close to the epigynal field. Lateral lobes fused, 
with some fusion bubbles along median line. Fertilisation ducts arising posterolaterally. 
Membranous sac between fertilisation ducts almost rectangular.

Colouration in ethanol as in males, but generally slightly darker, Opisthosoma 
brown dorsally (Fig. 4G, H).

Distribution. Known only from the type locality (Fig. 6).

Sinopoda wuyiensis Liu, 2021
Figs 3, 4C, D, I–L, 5C, 6

Sinopoda wuyiensis Liu, in Zhang et al. 2021: 20, fig. 9A–D (holotype female from 
Wuyishan National Nature Reserve, Fujian Province, deposited in College of Life 
Science, Hubei University LJ-202002-ZY, examined)
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Figure 3. Sinopoda wuyiensis Liu, 2021 A–C palp, left, ventral view D epigyne E vulva (A prolateral 
view B, D ventral view C retrolateral view E dorsal view). Abbreviations: AB – anterior bands, C – con-
ductor, dRTA – dorsal branch of RTA, E – embolus, EA – embolic apophysis, FD – fertilisation duct, 
GA – glandular appendage, LL – lateral lobes, LS – lobal septum, MS – membranous sac, PP – posterior 
part of spermathecae, SP – spermophore, T – tegulum, TP – tegular protrusion, vRTA – ventral branch 
of RTA. Scale bars: 0.5 mm.
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Material examined. 3♂, 4♀ (HUST 0004), China: Fujian: Wuyishan National 
Reserve, Guadun Village; 27.58°N, 117.48°E; 16.XI.2021; Y. Zhong leg.

Diagnosis. Males of S. wuyiensis can be distinguished from other Sinopoda species 
by the combination of the following characters: bases of the tegulum with a distinct 
sub-triangular protrusion, embolic apophysis reduced, distinctly narrower and shorter 

Figure 4. A, B cheliceral dentition of Sinopoda muyuensis sp. nov. C, D cheliceral dentition of Sinopoda 
wuyiensis Liu, 2021 E–H habitus of Sinopoda muyuensis sp. nov. I–L habitus of Sinopoda wuyiensis Liu, 
2021 (A, C, F, J male, ventral view E, I male, dorsal view B, D, H, L female, ventral view G, K female, 
dorsal view). Scale bars: 0.5 mm (A–D); 5 mm (E–L).
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Figure 5. A, B Photograph of living Sinopoda muyuensis sp. nov. C photograph of living Sinopoda 
wuyiensis Liu, 2021 A male B, C female.
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than the embolus, and the dRTA about twice as long as the vRTA in ventral view. 
Females of S. wuyiensis may be recognised by the following combination of characters: 
epigynal field almost fusiform, lateral lobes fused without visible seam, with their an-
terior and posterior margins almost parallel, and glandular appendages laterad, as wide 
as posterior part of spermathecae (Fig. 3).

Description. Male. PL 4.5, PW 4.3, AW 2.5, OL 5.3, OW 3.0. Eyes: AME 0.18, 
ALE 0.28, PME 0.26, PLE 0.31, AME–AME 0.24, AME–ALE 0.10, PME–PME 
0.24, PME–PLE 0.28, AME–PME 0.33, ALE–PLE 0.23, CH AME 0.10, CH ALE 
0.14. Setation: Palp: 131, 101, 1021; Fe: I–III 323, IV 321; Pa: I–IV 000; Ti: I–IV 
2226; Mt: I 1014, II 2024, III–IV 3036. Measurements of palp and legs: Palp 6.4 (1.9, 
1.2, 1.4, –, 1.9), I 18.8 (5.1, 2.2, 5.5, 4.7, 1.3), II 21.9 (6.0, 2.2, 6.2, 5.9, 1.6), III 
16.8 (5.1, 2.0, 4.6, 3.6, 1.5), IV 18.3 (4.6, 2.1, 5.1, 4.9, 1.6). Leg formula: II-I-IV-III. 
Cheliceral furrow with three anterior and four posterior teeth, and with~ 38 denti-
cles (Fig. 4C). Carapace deep yellowish brown dorsally, laterally and posteriorly with 
dark brown U-shaped pattern, with shallow fovea and radial furrows. Chelicerae deep 
reddish brown. Sternum yellow with brown margin. Endites and labium deep yel-

Figure 6. Distribution records of Sinopoda species in China 1 Sinopoda muyuensis sp. nov. 2 Sinopoda 
wuyiensis Liu, 2021.
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lowish brown, with margin deep brown. Legs deep yellowish brown, covered by short 
spines. Opisthosoma brown dorsally, median part with four brown dots, posteriorly 
dark brown. Opisthosoma uniformly greyish brown with some brown patches ven-
trally (Fig. 4I, J).

Palp as in Fig. 3A–C. Cymbium ~ 2× longer than tibia in ventral view. Embolus 
slightly curved, arising from tegulum at nearly the 6-o’ clock-position in ventral view. 
Conductor curving distally, arising at 12- to 1-o’clock-position from tegulum. Sper-
mophore almost straight. RTA arising mesially to distally from tibia, with distinct 
brush of stiff setae. vRTA wider than dRTA, dRTA long, in ventral view proximal part 
wide and tip tapering.

Female. PL 5.4, PW 4.7, AW 3.0, OL 5.3, OW 3.6. Eyes: AME 0.21, ALE 0.33, 
PME 0.21, PLE 0.39, AME–AME 0.26, AME–ALE 0.07, PME–PME 0.33, PME–
PLE 0.46, AME–PME 0.35, ALE–PLE 0.25, CH AME 0.15, CH ALE 0.20. Seta-
tion: Palp: 131, 101, 2121 1014; Fe: I–III 323, IV 321; Pa: I–IV 000; Ti: I–III 2026, 
IV 2226; Mt: I–II 1014, III 2024, IV 3036. Measurements of palp and legs: Palp 5.8 
(2.0, 0.6, 1.0, –, 2.2), I 15.7 (4.7, 1.7, 4.1, 3.6, 1.6), II 16.2 (4.8, 1.8, 4.5, 3.7, 1.4), 
III 13.9 (4.4, 1.9, 3.5, 3.0, 1.1), IV 15.1 (4.4, 1.9, 4.1, 3.6, 1.1). Leg formula: II-I-IV-
III. Colouration in ethanol as in males, but opisthosoma distinctly darker dorsally and 
ventrally (Fig. 4K, L; see Zhang et al. (2021) for others described).

Distribution. Known only from the type locality (Fig. 6).
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Abstract
Two new species of the genus Metapocyrtus Heller, 1912, subgenus Orthocyrtus Heller, 1912 are described 
and illustrated from southern Mindanao, Philippines: M. (O.) melibengoy sp. nov. and M. (O.) flomlok 
sp. nov. Another two species were transferred from the subgenus Artapocyrtus Heller, 1912 to Orthocyrtus, 
namely, M. (O.) willietorresi Cabras & Medina, 2018 and M. (O.) villalobosae Patano et al., 2021. Ecologi-
cal notes are provided.
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Introduction

Members of the subgenus Orthocyrtus Heller, 1912 (genus Metapocyrtus Heller, 1912) 
are among the most notable of the tribe Pachyrhynchini for their conspicuously 
large size. The subgenus is currently recognized as endemic to the Philippines and 
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is distributed all over the archipelago. Up to the present, the subgeneric division of 
Metapocyrtus is uncertain and badly needs revision. However, members of Orthocyrtus 
have distinct and stable characters that distinguish them from other subgenera: 1) large 
species, with a few exceptions; 2) rostrum of medium length, dorsally straight, mostly 
in a plane with the front (exceptionally slightly concave) and at the base, the sides are 
rectangularly declined; 3) female, with a few exceptions, without any secondary sexual 
structural characters aside from a stouter form, and similar to the male; (Schultze 
1925; Cabras et al. 2018). The biology and ecology of the genus remain understudied; 
however, members of the subgenus can be found in a range of habitats which include 
lowland coconut farmlands, mid-elevation between 300–800 m in mixed secondary 
forest, as well as old-growth primary and secondary forests (Cabras et al. 2018; Cabras 
and Medina 2019; Cabras et al. 2021a, b).

In the past two years, two species belonging to Orthocyrtus were collected from 
southern Mindanao and found to be new to science. In this paper, the two new species 
are described and illustrated. Short notes on their ecology are provided. Another two 
species from the subgenus Artapocyrtus Heller, 1912 were transferred to Orthocyrtus, 
namely, M. (O.) willietorresi Cabras & Medina, 2018 and M. (O.) villalobosae Patano 
et al., 2021.

Materials and methods

The specimens deposited in the University of Mindanao Coleoptera Research Center 
were collected by sheet beating and handpicking and killed in vials with ethyl acetate. 
Morphological characters were observed under Luxeo 4D and Nikon SMZ745T ster-
eomicroscopes. The treatment of the genitals follows Yoshitake (2011). Anatomical 
parts of the female genitalia are not illustrated as very little of the chitinous structures 
are used to identify and characterize different species of Pachyrhynchini (Cabras et al. 
2021a). Images of the habitus were taken using a Nikon D5300 digital camera with a 
Sigma 18–250 macro lens. Images were stacked and processed using a licensed version 
of Helicon Focus 6.7.0, then contrast adjusted in Photoshop CS6 Portable software. 
Label data are indicated verbatim.

Abbreviations and symbols mentioned in this paper are abbreviated as follows:

/ different lines;
// different labels;
LB body length, from the apical margin of pronotum to the apex of elytra;
LR length of rostrum;
LP pronotal length, from the base to apex along the midline;
LE elytral length, from the level of the basal margins to the apex of elytra;
WR maximum width across the rostrum;
WP maximum width across the pronotum;
WE maximum width across the elytra.
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Comparative materials and specimens used in the study are deposited in the fol-
lowing institutional collections:

PNM Philippine National Museum of Natural History, Manila, Philippines;
SKSUABC Sultan Kudarat State University ACCESS Biological Collection, Tacu-

rong, Philippines;
SMTD Senckenberg Natural History Collections, Dresden, Germany;
UMCRC University of Mindanao Coleoptera Research Center, Davao City Philippines.

Taxonomy

Metapocyrtus (Orthocyrtus) melibengoy Cabras & Medina, sp. nov.
https://zoobank.org/D82A7BCD-3E58-441F-B651-CBAF006469CB
Figs 1–4

Type material. Holotype (Figs 1, 3), male: Philippines - Mindanao / Lake Holon / South 
Cotabato / October, 2021 / coll. Cabras (typed on white card) // HOLOTYPE male / 
Metapocyrtus (Orthocyrtus) melibengoy / CABRAS & MEDINA, 2022 (typed on red card). 
Presently in UMCRC, will be deposited in PNM. Paratypes (2♂♂, 3♀♀): same data as 
holotype; all in UMCRC; (3♀♀): Philippines - Mindanao / Lake Holon / South Cotabato 
/ October, 2021 / coll. Mamon, all in SKSUABC. All paratypes with additional red label: 
PARATYPE / Metapocyrtus (Orthocyrtus) melibengoy / CABRAS & MEDINA, 2022.

Diagnosis. Metapocyrtus (Orthocyrtus) melibengoy sp. nov. is related to Metapocyrtus 
(Orthocyrtus) lanusinus Schultze, 1922 but differs in its pronotal and elytral scaly 
markings. Metapocyrtus (Orthocyrtus) melibengoy sp. nov. has two small spots on each 
side of the disc of its pronotum, and each elytron with one small subbasal spot near 
the suture, one median stripe from the suture to the lateral side, two subapical spots, 
a short post-median stripe at stria III, and a long stripe along the lateral margin, 
confluent with the post-median stripe.

Description. Male. Dimensions: LB: 9.2–10.4 mm (holotype 10 mm). LR: 2.0–
2.5 mm (2.0 mm). WR: 1.4–1.7 mm (1.4 mm). LP: 3.1–3.6 mm (3.1 mm). WP: 3.6–
4.0 mm (3.6 mm). LE: 6.1–6.8 mm (6.1 mm). WE: 5.5–5.7 mm (5.7 mm). N = 3.

Integument black. Body surface, rostrum, head, and underside moderately shiny. 
Head finely punctured on dorsum with sparse and very minute pubescence, dorsal 
surface with a scaly patch of metallic pale-yellow ochre and turquoise round scales near 
the transverse groove; lateroventral side below the eye with a semi-elliptical scaly patch 
of metallic pale-yellow-ochre and turquoise round scales interspersed with adpressed 
metallic bluish piliform scales; forehead between eyes slightly depressed; eyes medium-
sized and feebly convex. Rostrum weakly rugose and coarsely punctured on basal 2/3 
and finely punctured on apical third, longer than wide (LR/WR:2/1.4mm), dorsum 
covered with sub-adpressed brownish setae, with large subelongate scaly patch of over-
lapping light-yellow-ochre, turquoise and bluish round scales on basal half, lateral sur-
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face with minute subadpressed brownish setae interspersed with long suberect whitish 
setae, ventral surface with long suberect whitish setae; transverse basal groove distinct; 
longitudinal groove along midline distinct and forms a shallow concavity; dorsum al-
most flattish dorsally and apex weakly convex; lateral sides with moderately widened 
apicad. Antennal scape and funicle almost the same length, scape reaching slightly 
behind the hind margin of eye, covered with subadpressed fine light-colored setae, and 
funicle with suberect brownish setae. Funicular segments I and II are almost of the 
same length, three times longer than wide; segments III–VII nearly as long as wide; 
club sub-ellipsoidal, nearly 3 times longer than wide. Prothorax subglobular, wider 
than long (LP/WP:3.1/3.6 mm), finely punctured with minute pubescence, widest 
at middle, weakly convex on dorsal surface, dorsal contour highest point on basal ¼. 
Prothorax with the following scaly markings of metallic, light-yellow ochre and tur-
quoise, round scales: a) stripe at the anterior margin, b) two small subcircular spots on 
each side of discs, c) stripe at the posterior margin, and d) slightly broader stripe before 
the coxa confluent with the anterior and posterior marginal stripes. Elytra ovate (LE/
WE:6.1/5.7 mm), moderately wider and nearly twice longer than prothorax (WE/
WP: 5.7/3.6 mm, LE/LP: 6.1/3.1 mm), distinctly and randomly punctured with very 
minute pubescence, dorsum strongly convex, dorsal contour highest before the mid-
dle, lateral contour evenly arcuate, widest at middle, apex quite rounded with sparse, 
white, fine setae. Each elytron with the following scaly markings of pale-yellow-ochre, 
turquoise and bluish round scales: a) one subbasal spot between stria II and III, b) one 
median interrupted stripe from suture towards but not reaching lateral margin, c) two 
subapical spots on dorsolateral surface, d) a short longitudinal post-median stripe at 
stria III, and e) one long stripe along lateral margin from base to apex, interrupted be-
fore middle. Post-median, and lateral marginal stripe confluent at the apex. Legs with 
moderately clavate femora. Femora black covered with subadpressed bluish piliform 
scales which tend to get longer towards apex and with yellow-ochre, turquoise and blu-
ish oval scales near apical margin. Tibiae covered with suberect long white setae, weakly 
serrate along inner edge with few protruding teeth. Fore tibiae and midtibiae bear a 
mucro at apex. Tarsomeres pubescent. Forecoxae covered with colored piliform scales 
and with pale-yellow-ochre to bluish round scales; mesocoxae and metacoxae covered 
with setae. Mesoventrite covered with light-colored setae and with light-yellow and tur-
quoise rounds scales on distal ends. Metaventrite densely covered with white setae and 
with light-yellow ochre and turquoise elliptical scales on distal ends. Ventrite I slightly 
depressed on disc, densely covered with white setae and with light-yellow to turquoise 
elliptical scales towards lateral margin. Ventrite II to V sparsely covered with whitish 
setae. Ventrite V flattened, apical half finely densely punctured, with minute setae.

Male aedeagus as shown in Figs 9–11.
Female. Dimensions: LB: 11.8–13.0 mm: LR: 2.3–2.5 mm: WR: 1.9–2.0 mm. 

LP: 3.5–4.0 mm. WP: 4.0–4.6 mm. LE: 8.0–9.0 mm. WE: 6.0–7.0 mm. N = 5.
Habitus as shown in Figs 2 and 4.
Females differ from males in the following: a) pronotum slightly wider, and longer 

than in male; b) base of pronotum slightly widened on sides, c) elytra longer and mod-
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erately wider, lateral contour widest before the middle; and d) ventrite I slightly convex 
on disc. Otherwise, the female is similar to the male.

Etymology. The new species is named after its type locality, Mt. Melibengoy, 
which is the local name of Mt. Parker.

Distribution. Metapocyrtus (Orthocyrtus) melibengoy sp. nov. is known from Tboli 
Municipality, South Cotabato.

Figures 1–4. Metapocyrtus (Orthocyrtus) melibengoy sp. nov. 1 male holotype, dorsal view 2 female, dor-
sal view 3 male, lateral view 4 female, lateral view.
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Metapocyrtus (Orthocyrtus) flomlok Cabras & Medina, sp. nov.
https://zoobank.org/184E0A42-5491-49CC-9B9B-BBE85A79CBE1
Figs 5–8

Type material. Holotype (Figs 5, 7), male: Philippines - Mindanao / Polomolok / 
South Cotabato / October, 2021 / coll. Cabras (typed on white card) // HOLOTYPE 
male / Metapocyrtus (Orthocyrtus) flomlok / CABRAS & MEDINA, 2021 (typed on 
red card). Presently in UMCRC, will be deposited in National Museum of Natural 
History (PNMNH) under the National Museum of the Philippines. Paratypes (2♂♂, 
2♀♀): same data as holotype; all in UMCRC. All paratypes with additional red label: 
PARATYPE / Metapocyrtus (Orthocyrtus) flomlok / CABRAS & MEDINA, 2021.

Diagnosis. Metapocyrtus (Orthocyrtus) flomlok sp. nov. is closely related to 
Metapocyrtus (Orthocyrtus) lanusinus Schultze, 1922 but differs in the following: 
shorter and stouter body, pronotal scaly marks of two huge round spots on each side 
of disc, distinct and continuous thick longitudinal stripes from the base to the apex of 
the elytra, and the stouter and shorter aedeagal body. Meanwhile, M. (O.) lanusinus 
has a thin transverse band at mid-length, and elytral marks having four interrupted 
longitudinal stripes distinctly short and oftentimes with short spots in between each 
longitudinal stripe in the mid-length.

Description. Male. Dimensions: LB: 11.0–11.5 mm (holotype 11.0 mm). LR: 
2.1–2.3 mm (2.1 mm). WR: 1.8–2.0 mm (1.8 mm). LP: 3.8–4.0 mm (3.8 mm). WP: 
4.4–4.7 mm (4.4 mm). LE: 7.0–7.4 mm (7.0 mm). WE: 6.0–6.5 mm (6.0 mm). N = 3.

Integument black. Body surface, rostrum, head, and underside with weak luster. 
Head finely punctured on dorsum with sparse and very minute setae, frons covered 
with metallic golden orange, round scales, lateroventral parts below the eye with a 
semi-elliptical scaly patch of pale-yellow and turquoise round scales, latero-ventral 
parts with adpressed metallic bluish piliform scales, forehead between eyes nearly 
flattish. Eyes medium-sized and feebly convex. Rostrum coarsely rugose on basal 
2/3 and finely punctured on apical third, slightly longer than wide (LR/WR:2.1/1.8 
mm), dorsum with sparse and adpressed brownish setae, lateral surface with sparse 
minute subadpressed bluish piliform scales interspersed with brownish and whitish, 
long suberect setae especially towards the apical margin, ventral surface with long 
suberect whitish setae; transverse basal groove distinct; longitudinal groove along 
midline distinct and forms a shallow concavity filled with metallic golden orange 
with a tinge of green, round scales; dorsum almost flattish dorsally and apex weakly 
convex; lateral sides with strongly expanded apicad. Antennal scape and funicle 
of almost the same length, scape reaching the hind margin of eye, covered with 
subadpressed metallic fine light-colored hairs, and funicle with suberect brownish 
hairs. Funicular segments I and II almost of the same length, three times longer than 
wide; segments III–VII nearly as long as wide; club sub-ellipsoidal, nearly 3 times 
longer than wide. Prothorax subglobular, wider than long (LP/WP:3.8/4.4 mm), 
finely punctured especially near anterior margin, widest before middle, weakly convex 
on dorsal surface, dorsal contour highest point before the middle. Prothorax with 
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the following scaly markings of metallic, light-yellow and turquoise round scales: 
a) thin stripe at the anterior margin, b) two large subcircular spots on each side of 
disc, c) thin stripe at the posterior margin, and d) slightly broader stripe before the 
coxa confluent with the anterior and posterior marginal bands. Elytra ovate (LE/
WE:7.0/6.0 mm), slightly wider and moderately longer than prothorax (WE/WP: 

Figures 5–8. Metapocyrtus (Orthocyrtus) flomlok sp. nov. 5 male holotype, dorsal view 6 female, dorsal 
view 7 male, lateral view 8 female, lateral view.
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6.0/4.4 mm, LE/LP: 7.0/3.8 mm), finely and distinctly punctured with very minute 
pubescence, strongly convex, dorsal contour highest before the middle, lateral contour 
evenly arcuate, widest at middle, apex rounded with sparse, colored, fine setae. Each 
elytron with the following scaly markings of pale-yellow-ochre, turquoise and bluish 
round scales: a) three continuous longitudinal scaly stripes from basal margin towards 
apex of the elytron, b) one long stripe along lateral margin from base to apex, c) 
one premedian longitudinal stripe along suture, and d) very minute and at times 
negligible spots in the midle of each scaly stripe at the median portion. Legs with 
moderately clavate femora. Femora black covered with subadpressed light blue and 
turquoise piliform scales and turquoise elliptical scales near the apical margin. Tibiae 
covered with suberect long white setae, weakly serrate along inner edge with few 
protruding teeth. Fore and midtibiae bear a mucro at apex. Tarsomeres pubescent. 
Forecoxae covered with colored piliform scales and with turquoise elliptical scales; 
mesocoxae and metacoxae covered with setae. Mesoventrite covered with light-
colored setae and with turquoise rounds scales on distal ends. Metaventrite sparsely 
covered with light-colored piliform scales and with turquoise round scales on distal 
ends. Ventrite I slightly depressed on disc, covered with light-colored piliform scales 
and with light-yellow to turquoise round scales towards lateral margin. Ventrite II to 
V sparsely covered with whitish setae and piliform scales which tends to get denser at 
distal ends. Ventrite V flattened, apical half finely coarsely rugose, with minute setae. 
Male aedeagus as shown in Figs 12–14.

Female. Dimensions: LB: 12.0–12.7 mm: LR: 2.0–2.1 mm: WR: 1.7–1.8 mm. 
LP: 3.6–3.8 mm. WP: 3.6–3.8 mm. LE: 7.8–8.0 mm. WE: 7.2–7.5 mm. N = 2.

Habitus as shown in Figs 6 and 8. Females differ from males in the following: a) 
base of pronotum slightly widened on sides, b) elytra longer and moderately wider, 
lateral contour widest before the middle, c) the three stripes from base to apex in the 
elytra are interrupted before the middle, and d) ventrite I slightly convex on disc. Oth-
erwise female similar to the male.

Etymology. The new species is named after “flomlok” the old B’laan name of its 
type locality Polomolok. The term flomlok means hunting ground due to the abundance 
of wildlife in the area prior to the settlement of lowlanders and agricultural companies.

Distribution. Metapocyrtus (Orthocyrtus) flomlok sp. nov. is known from Polo-
molok Municipality, South Cotabato.

Metapocyrtus (Orthocyrtus) willietorresi Cabras & Medina, 2019

Metapocyrtus (Artapocyrtus) willietorresi Cabras & Medina, 2019: 186

Type locality. Mt. Apo Natural Park, Davao del Sur.
Type depository. UMCRC.
Material examined. Male: Philippines - Mindanao / Kapatagan / Davao del Sur / 

December, 2021 / coll. LC (typed on white card). Presently in UMCRC.
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Remarks. Cabras and Medina (2019) placed the species under the subgenus 
Artapocyrtus. However, based on additional materials and further evidence, the 
authors obviously made some errors, and the species should be placed in the subgenus 
Orthocyrtus based on the characters mentioned by Cabras et al. (2018). In addition, 
Cabras and Medina (2019) described the species based on two specimens from Mt. 
Apo and declared it a new species due to the uniqueness of its elytral and pronotal 
markings consisting of circular patterns. The shape of the aedeagus of the newly 
acquired materials (Figs 15–17) further confirms membership of the species in 
Orthocyrtus and its relationship to the Orthocyrtus lanusinus species group. One of the 
defining characteristics of Orthocyrtus is the shape of its rostrum. Figs 18–21 show the 
dorsal view of the different species of Orthocyrtus mentioned in this paper.

Metapocyrtus (Orthocyrtus) villalobosae Patano, Amoroso, Mohagan, Guiang & 
Yap, 2021

Metapocyrtus (Artapocyrtus) villalobosae Patano et al., 2021: 284

Type locality. Mount Kabunulan, Hamiguitan Range, Surop, Governor Generoso, 
Davao Oriental, 6°27'44.29"N, 126°10'18.15"E, 400 m a.s.l.

Type depository. CMUZS.
Material examined. 4♂♂, 2♀♀: Philippines - Mindanao / San Isidro / Oriental / 

December, 2021 / coll. LC (typed on white card). Presently in UMCRC.
Remarks. Patano et al. (2021) recently described a new species Metapocyrtus 

(Artapocyrtus) villalobosae under the subgenus Artapocyrtus based on four specimens 
collected at Mount Kabunulan, Hamiguitan Range in Governor Generso, Davao 
Oriental at an elevation of 400 m. Based on the images of the male and female 
habitus described in the original paper (Patano et al. 2021: 285, fig. 3) with a size 
ranging from 13.2–14.5 mm and a holotype of 14.5 mm, it doubtlessly belongs to 
Orthocyrtus based on its size, shape of the rostrum, as well as the general shape of the 
male and female habitus. In 2021, specimens that appeared to belong to Metapocyrtus 
(Artapocyrtus) villalobosae from San Isidro, Davao Oriental, which is part of the range 
of Mt. Hamiguitan, were donated to UMCRC. Upon examination, the said specimens 
were found to be very similar to the male holotype, and female paratype in the paper of 
Patano et al. (2021). The only difference is the short longitudinal subbasal stripes which 
we believe are simply part of the variability of the species. We believe it was wrongly 
placed in the subgenus Artapocyrtus and thus, we are proposing that it be transferred 
to the subgenus Orthocyrtus based on the characters mentioned by Cabras et al. (2018) 
including the shape of its rostrum (Fig.  21). Furthermore, while the species elytral 
patterns may have a superficial resemblance to M.  (Sclerocyrtus) chamissoi Schultze, 
1925, it is actually more closely related to M. (Orthocyrtus) davaoensis Cabras, Medina 
& Bollino, 2021 described from Davao City and Bukidnon. The general habitus of 
the male and female, the elytral and pronotal patterns as well as the genitalia are also 
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Figures 9–17. Male genitalia of Orthocyrtus sp. 9–11 Metapocyrtus (Orthocyrtus) melibengoy sp. nov. 
12–14 Metapocyrtus (Orthocyrtus) flomlok sp. nov. 15–17 Metapocyrtus (Orthocyrtus) willietorresi 9, 12, 
15 aedeagus in lateral view 10, 13, 16 idem in dorsal view 11, 14, 17 sternite IX in dorsal view.
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very similar. Molecular data and/or eversion of the endophallus in the near future can 
be used in delineating the davaoensis species group which seems to have a widespread 
form and distribution throughout Mindanao. Eversion of the endophallus in the tribe 
Pachyrhynchini is quite challenging to accomplish and needs alot of specimens as 
mentioned by Bollino and Sandel (2017) and Cabras et al. (2018).

Figures 18–21. Dorsal view of Orthocyrtus spp. rostrums 18 M. (O.) melibengoy sp. nov. 19 M. (O.) 
flomlok sp. nov. 20 M. (O.) willietorresi 21 M. (O.) villalobosae.
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Key to species of Metapocyrtus (Orthocyrtus)

1 Pronotum coarsely punctured with a transverse scaly stripe in the entire width 
in the middle; elytra coarsely striate punctate, striae beset with golden yellow 
and reddish scales ........................... M. (O.) villalobosae Patano et al. 2021

– Pronotum subglabrous or finely punctured without a transverse stripe; elytra 
finely punctate, striae with fine setae ...........................................................2

2 Prothorax as long as wide with subcircular scaly rings on each side of disc; 
each elytron with two circular scaly rings on basal, medial and apical parts ...
 ............................................M. (O.) willietorresi Cabras & Medina, 2018

– Prothorax wider than long with scaly spot on each side of disc; elytra with 
spots or longitudinal scaly stripes from basal margin towards apex ..............3

3 Pronotum with small scaly spots on each side of disc; elytra ovate with sub-
basal and subapical spots and an interrupted median stripe and a short longi-
tudinal post-median stripe at stria III ................ M. (O). melibengoy sp.nov.

– Pronotum with large round scaly spot on each side of disc; elytra strong-
ly ovate with thick longitudinal scaly stripes from basal margin to-
wards apex………..  ............................................... M. (O). flomlok sp.nov.

Notes on the habitat of Metapocyrtus (Orthocyrtus) melibengoy sp. nov. and 
Metapocyrtus (Orthocyrtus) flomlok sp. nov.

Metapocyrtus (Orthocyrtus) melibengoy sp. nov. was collected from forest vegetation 
along the Salacafe trail leading to Lake Holon, at an elevation of 1200 m (Fig. 22). 
Lake Holon is a caldera of Mt. Parker, a potentially active stratovolcano in southern 
Mindanao. The specimens were collected on leaves of a Melastoma sp. (Melastomata-
ceae), Piper aduncum (Piperaceae), and Cyathea spp. (Cyatheaceae) in a partially open 
area of the trail. The area where the specimens were collected, roughly 9 km from the 
Barangay Salacafe, serves as the receiving area. The trail to Lake Holon is quite open, 
with various species of ferns, grasses, and shrubs, and an abundance of pitcher plants 
and other angiosperms. On the initial ascent to the lake, the trail is quite open with 
some portions having been converted into farmlands planted with Zea mays ssp. Mays 
(Poaceae), Coffea spp. (Rubiaceae), and Musa textilis (Musaceae).

As for Metapocyrtus (Orthocyrtus) flomlok sp. nov., it was collected in an open and 
quite degraded area in Polomolok, South Cotabato, near a pineapple plantation at an 
elevation of 1021 m. The new species was collected on a slope near a small creek with 
pristine waters (Fig. 23). It was found on the leaves of buyo-buyo (Piper aduncum) and 
avocado (Persea americana). During personal correspondence with Stan Cabigas, he 
mentioned and showed photos of the same species from Mt. Matutum together with 
its possible model/mimic - Pachyrhynchus gilvomaculatus Yoshitake, 2016. Thus, we be-
lieve that the population near the pineapple plantation is the remnant population that 
survived the degradation of the forested habitats and conversion of land in Polomolok. 
A similar scenario has been observed with M. (Orthocyrtus) davaoensis described based 
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on a limited number of specimens near the lowland of Carmen, Davao City. In our 
recent surveys of the higher elevation and more forested part of Carmen, a huge thriv-
ing population of M. (O.) davaoensis was found.

Figures 22–23. Habitats of Orthocyrtus spp. 22 M. (O.) melibengoy sp. nov. in Mt. Parker, T’boli, South 
Cotabato 23 M. (O.) flomlok sp. nov. in Polomolok, South Cotabato.
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Discussion

The genus Metapocyrtus is one of the most taxonomically complex genera of the 
tribe Pachyrhynchini. The genus is characterized by mimicry with other members of 
Pachyrhynchini (i.e., Pachyrhynchus Germar, 1824, Trichomacrocyrtus Yoshitake, 2018, 
Eumacrocyrtus Schultze, 1923) as well as other weevil groups (i.e., Alcidodes Marshall, 
1939, Eupyrgops Berg, 1898, Polycatus Heller, 1912, Calidiopsis Heller, 1913), and 
even with the family Cerambycidae as exemplified by the genus Doliops Waterhouse, 
1841. For the genus Metapocyrtus, elytral patterns alone or color variation of the scaly 
markings should not be used as a basis in delineating species since intersubgeneric 
mimicry among its members as well as color polymorphism is quite a common 
occurrence (Schultze 1925; Cabras et al. 2021a). In addition, the shape and general 
profile of the rostrum, pronotum, and body should be considered in identifying species 
and not only the elytral patterns. Two almost identical species, in terms of elytral 
patterns or coloration, could turn out to be two species from different subgenera or 
even tribes. Such mistakes seem common in the Philippines as evidenced by several 
online materials as well as specimens housed in some museums, and collections that 
are erroneously identified.

Another problem with this genus is the subgeneric delineation which remains un-
resolved and requires a thorough revision. As for the subgenus Orthocyrtus, the large 
body size, shape of its rostrum, and body make this taxon quite straightforward to 
identify. Despite recent publications on this subgenus, many species remain unknown 
and some species may even be cryptic; only eversion of the endophallus or molecular 
data could help in species delineation. However, because of the unabated loss of forest 
cover in the Philippines due to illegal logging, conversion of forest lands for commer-
cial or agricultural purposes, as well as mining activities, these species are at a high risk 
of extinction. Thus, discoveries of new species and research on species biology, ecology, 
and threats are very important as they may provide the International Union of Con-
servation of Nature Red List and local stakeholders with evidence to be used for their 
assessment and conservation initiatives.
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Abstract
In this work, the presence of species of the slug family Milacidae in Switzerland was investigated by using 
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morphology, genital anatomy, and distribution data are provided based on the investigated Swiss animals. 
An unknown pale colour morph of a Tandonia sp. from Canton Ticino could be identified as T. nigra, 
and the barcodes of T. nigra specimens were submitted to GenBank for the first time. The identity of the 
Italian and Austrian populations of T. nigra from the Bergamasque Alps and north Tirol is evaluated. 
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Introduction

The family Milacidae Ellis, 1926 currently comprises two genera with 14 extant species 
in Milax Gray, 1855, and 29 extant species in Tandonia Lessona & Pollonera, 1882 
(MolluscaBase, accessed on 28 December 2021). The last comprehensive revision of 
the family was published by Wiktor (1987). The family is distributed in Europe with 
the Balkan peninsula as the area of highest species richness. In Switzerland, the family 
is represented by only four species (Bank and Neubert 2017). These species were listed 
in the Red List for continental molluscs of Switzerland, and their conservation status 
was assessed (Rüetschi et al. 2012). According to these lists (Rüetschi et al. 2012; Bank 
and Neubert 2017), the following milacid species are known from Switzerland: Milax 
gagates (Draparnaud, 1801), Tandonia budapestensis (Hazay, 1880), Tandonia rustica 
(Millet, 1843), and Tandonia nigra (C. Pfeiffer, 1894).

Tandonia rustica is a rarely discovered but widespread taxon in the country; it is a 
nocturnal species strictly confined to beech forests on limestone talus (pers. obs.). The 
species is also recorded from the Italian Alps ranging from Canton Ticino to Lake Garda 
and from many locations in the Piemontese Alps in Valle di Susa (Wiktor 1987; Gavetti 
et al. 2008; pers. obs.). In contrast, T. nigra is considered to represent a rather local alpine 
species with a smaller distribution area. The type locality of this species is the summit of 
Monte Generoso in Canton Ticino close to Lugano. According to Wiktor (1987), the spe-
cies is also recorded from the Austrian Alps in North Tirol, and the recent Red List assess-
ment by the International Union for Conservation of Nature (IUCN) records a distribu-
tion from the Italian Alps ranging from the Canton Ticino to Lake Garda (Nardi 2017). 
The identity of these Austrian and Italian records is discussed below. In the last years, one 
of the authors (P. Müller) observed a form of a small Tandonia species in Val Cürta on the 
southwestern slope of the Monte Generoso, which differed from the black T. nigra from 
the summit by a grey to beige body colour and an elongate very slim penial papilla.

The aim of this paper is to verify the correct identification of the Tandonia species from 
Switzerland in general, and to specifically investigate the status of the grey to beige Tandonia 
specimens from lower altitudes of Monte Generoso. We compared our genetic data with a 
few species recorded in GenBank by Liberto et al. 2012; Rowson et al. 2014a; Korábek et 
al. 2016; Turóci et al. 2020 and other unpublished data to corroborate our identifications. 
Since the results of the COI analysis produced well-supported data, we decided not to ana-
lyse further markers. Our aim was to characterise species with a simple marker, and not to 
reveal phylogenetic relationships of the clades detected, which would have required a much 
deeper research approach with a sampling that exceeds our current possibilities.

Materials and methods

Specimens

Most investigated specimens were freshly collected during field trips in Switzerland, 
Italy, Republic of San Marino, and France. If possible and necessary, juveniles were 
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kept alive until they reached adulthood. To complete and increase the genetic data set 
also previously inventoried specimens of the Natural History Museum Bern (NMBE) 
were included in this study. Detailed sampling locations, voucher numbers and the 
GenBank accession numbers of the sequenced specimens are shown in Suppl. material 
1: Table S1. All records in this study will be uploaded to the map server of the Centre 
Suisse de Cartographie de la Faune (CSCF) and will be displayed on the respective 
species distribution maps (https://lepus.unine.ch/carto/).

Husbandry of live slugs and their preservation

Juvenile and subadult slugs were kept individually in 0.2 L polypropylene boxes (Ron-
do 4, Rotho Kunststoff AG, Switzerland) perforated with a hot needle for air exchange. 
The boxes were stored in a wine refrigerator at 16 °C, the bottom was carpeted with 
several layers of moistened paper towels. Nutrition was provided in form of slices of 
champignon, cucumber, and high protein cat feed pellets. The slugs were checked and 
weighed once per week with replacement of the paper towel and food. The maturity 
was checked by evaluation of the genital pore: fully adult animals have a visible and 
clearly open pore. All captured adult specimens were photographed alive, and tissue 
samples and body measurements were taken before preservation. For preservation, the 
animals were relaxed and killed in sparkling water for ~ 30 min. The dead animals were 
placed on kitchen paper and frozen in the freezer for several hours. After that they were 
thawed in cold water and additional slime was removed by placing the specimens into 
ethanol. The animals were transferred into 96% ethanol, and, for proper body cavity 
preservation, 96% ethanol was injected through the sole tip into the body cavity with 
a 1 mL syringe using a fine needle (Terumo Corporation, Philippines). After 24 h, the 
slugs were transferred in 80% ethanol. The following day, the ethanol was exchanged, 
and the specimens were stored in the fridge at 5 °C awaiting DNA extraction and dis-
section. This procedure properly maintains the soft tissue for anatomical studies and 
keeps the DNA intact for the genetic investigation.

Morphological and anatomical analysis

All specimens used for live body measurements were fully adult specimen from the 
collection of R. Heim. The following measurements were taken:

Live weight (lw) was taken with a digital scale to 0.01 g weekly. The last measured 
weight before preservation of each specimen was taken for calculation. In the analysis 
the weights were rounded up to 0.5 g.

Total length (tl) was measured with a metal ruler from specimens in full stretch 
when crawling to 1 mm. Starting from the front to the outermost extension of the 
posterior sole or dorsum.

Sole width (sw) was measured from the crawling specimen on a sheet of glass with 
a ruler or a calliper to 0.5 mm. The widest extension was usually at mid of the sole.

The ratio of mantle length (ml) / total length (tl) is given because it might be an 
additional character for species differentiation.
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Number of tubercle rows (tr) were counted on the freshly preserved animals with 
a dissection needle under a binocular. Starting from the first tr at the slit of the pneu-
mostome along the posterior edge of the mantle to the last tr at the keel. Counting 
was done twice, back and forth. If not clearly countable, the two closest numbers were 
indicated. In the analysis the lowest and highest counts of our specimens were taken.

Before dissection of selected specimens, photographs of the preserved animals 
were made in dorsal, lateral (left and right), and ventral position. The dissection 
of the slug genitalia was performed under a binocular (Leica MZ6) using thin for-
ceps (Dumont 0.5; 3.5) and micro scissors. For the anatomical pictures, the genital 
organs were detached from the body, spread on a wax bed, and properly pinned 
with minutia pins to visualize and investigate the structures. Additionally, the in-
ner structures of penis, epiphallus and vagina were shown. Pictures were taken with 
a Leica DVM6 microscope camera (Leica Camera, Wetzlar, Germany) using the 
image-processing program FIJI for scaling (Schindelin et al. 2012). The distribution 
map of the investigated species (Fig. 1) was created using QGIS software v3.20.3-
Odense (QGIS.org, 2022. QGIS Geographic Information System. QGIS Associa-
tion. http://www.qgis.org).

Molecular analysis

The total DNA extraction was performed following the manufacturers protocol of the 
Qiagen Blood and Tissue Kit using the QIAcube extraction robot (Qiagen; Hilden, 
Germany). Approximately 0.5 cm2 of mantle tissue was cut, cleaned with a sterilized 
scalpel (Schreiber GmbH, Germany) from superficial slime, and placed in 180 μL 
ATL buffer and 20 μL proteinase K. For small specimen, an additional snippet from 
the foot or body wall was added to the digestion mix in order to yield enough DNA 
for sequencing. The tissue was then incubated for 4 h at 56 °C and 40 rpm in a thermo 
shaker (Labnet, Vortemp 56, witec AG, Littau, Switzerland). After digestion the QIA-
cube extraction robot did the DNA extraction following the standard protocol 430 
(DNeasy Blood Tissue and Rodent tails Standard). The extracted DNA samples were 
then stored in a -80 °C freezer for long-term storage.

In this study, the sequences of the mitochondrially encoded barcoding marker 
cytochrome c oxidase I (COI) was investigated. For the COI PCR mixture 3 μL of 
DNA template in 12.5 μL GoTaq G2 HotStart Green Master Mix (Promega M7423), 
7.5 μL ddH2O, 1 μL of the established Folmer primers LCO1490 and HCO2198 
(Folmer et al. 1994) were used. The PCR cycle was set as following: 3 min at 94 °C, 
followed by 40 cycles of 1 min at 95 °C, 1 min at 47 °C and 1 min at 72 °C and for 
the last step, the final elongation 10 min at 72 °C. The PCR products were controlled 
using gel electrophoresis. PCR products with a visible, single band with the desired 
length were sent to LGC (LGC Genomics Berlin, Germany) for purification and 
Sanger sequencing. For each specimen, the forward and reverse sequence were aligned 
using the software package Geneious v. 9.1.8 (Biomatters Ltd) and the consensus 
sequence was extracted. Finally, the consensus sequence was trimmed to the 655 bp 
used in further analysis.
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Phylogenetic analysis

For the phylogenetic analyses, sequence KT371419 from GenBank (Oxychilus 
draparnaudi (H. Beck, 1837)) was included as outgroup. Additionally, 34 sequences 
were downloaded from GenBank comprising Tandonia budapestensis, Tandonia 
rustica, Tandonia kusceri (H. Wagner, 1931), Tandonia sowerbyi (A. Férussac, 1823) 
and Tandonia cristata (Kaleniczenko, 1851). The sequences were included into the 
phylogenetic analysis to obtain a better overview of the genus Tandonia and to compare 
our results to those of Rowson et al. (2014a). The included species and their accession 
numbers are listed in the Suppl. material 1: Table S1.

For sequence processing, alignments and calculation of trees, the software pack-
age Geneious v. 9.1.8 (Biomatters Ltd) was used. The protein-coding gene fragment 
of COI was defined in three data blocks, with each codon position as separate subset.

To calculate the ML interference, the RAxML plug-in for Geneious (Stamatakis 
2006) was implemented, using the Geneious plug-in with rapid bootstrapping setting, 
the search for the best scoring ML tree, the nucleotide model GTR CAT I and 2000 
bootstrapping replicates.

With the same alignment data, a second maximum likelihood tree was calculated 
using the IQ Tree web tool (http://iqtree.cibiv.univie.ac.at/) (Trifinopoulos et al. 2016), 
using the default settings for the input data and the substitution model set to auto de-
tect. The branch support analysis was set to ultrafast with 1000 bootstrap alignment 
and performing a SH-aLRT branch test (Guindon et al. 2010) with a 1000 replicates.

Figure 1. Distribution map of collected specimens.
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Bayesian Inference (BI) was performed using Mr. Bayes v3.2.6 × 64 (Huelsen-
beck and Ronquist 2001; Ronquist and Huelsenbeck 2003; Altekar et al. 2004) 
through the HPC cluster from the University of Bern (http://www.id.unibe.ch/
hpc). For the data set, the nucleotide model was set 4 by 4, and we applied a mixed 
model search. The Monte Carlo Markov Chain (MCMC) parameter was set as fol-
lows: starting with four chains and four separate runs for 15 million generations 
with the temperature set to 0.2. The tree sampling frequency was set to 1000 with 
a burn in of 25%.

Species delimitation analysis

Species partitions analysis was performed on the Assemble Species by Automatic Parti-
tioning (ASAP) web tool (https://bioinfo.mnhn.fr/abi/public/asap/asapweb.html) (Puil-
landre et al. 2021), using the Kimura (K80) (Kimura 1980) substitution model with the 
default settings for the transition/transversion rate ratio (ts/tv) = 2 and the standard 
advanced options for 5 best partition suggestions for 71 available COI sequences.

Abbreviations

ad adult
ASAP Assemble Species by Automatic Partitioning
BI Bayesian Interference
BS Bootstrap support
COI cytorchrome c oxidase subunit I
CSCF Centre Suisse de Cartographie de la Faune (Neuchâtel, Switzerland)
gp genital pore
HNHM Hungarian Natural History Museum, Budapest
IUCN International Union for Conservation of Nature
juv juvenile
lw live weight
MHNG Muséum d’histoire naturelle de la Ville de Genève
ml mantle length
ML maximum likelihood
nc not countable
NMB Natural History Museum Basel
NMBE Natural History Museum Bern
NMLU Natur-Museum Luzern
NMW National Museum of Wales, Cardiff
PCR Polymerase Chain Reaction
SMNS State Museum of Natural History Stuttgart
sw sole width
tl total length
tr tubercle rows
ZMH Zoological Museum Hamburg
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Results

The results of the genetic analysis based on COI are summarised in Fig. 2. The 
tree is based on the topology of RaxML, which was confirmed by IQTree and 
Bayesian Interference. Interpretation of Bootstrap values for RaxML and IQ Tree: 
70 to 80 = moderate support; 80 to 90 = well supported; > 90 = high support and 
for the Bayesian posterior probabilities values: > 0.95 = significant support. This 
tree does not reflect relationship of species as only six out of 29 currently accepted 
species are included (https://molluscabase.org/aphia.php?p=taxdetails&id=819994 
on 28 December 2021); the selection of taxa mainly followed the availability of 
COI sequences.

Tandonia nigra appears as a rather well supported clade within the selected group. 
The three highlighted sequences originate from topotypic specimens from the top of 
Monte Generoso. All other populations investigated were collected from a narrow 
range at lower altitudes on the mountain and contain all the different colour morphs. 
Despite their differing body colour (Fig. 8), there is almost no variation in the COI 

Figure 2. Phylogenetic tree of some species of the genus Tandonia based on COI. Numbers at the nodes record 
support values for RaxML/IQTree/BI. Sequences published in GenBank are named with their accession num-
ber; new sequences obtained are named as following: Lab number, museums voucher number, country, and 
approximate locality. The grey vertical bars indicate the best score for species delimitation calculated with ASAP.
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sequences of these specimens observable. Furthermore, the genetic clades of T. rustica 
and T. kusceri are clearly separated and well supported.

The best two ASAP scores support the existence of ten different clades as visualized 
in Fig. 2 with the grey bars labelled with numbers from 1 to 10. This gives 3 subclades 
in the T. sowerbyi clade and two for the T. cristata clade. The third best score however 
supports the concept of seven different clades in the same way, as the clades in Fig. 2 
are coloured.

Taxonomy

Milacidae Ellis, 1926

Diagnostic features. Horse-shoe shaped groove on the mantle; pneumostome post-
median; keel connecting sole tip and mantle; sole tripartite, central sole field with V-
shaped wrinkles, only visible in preserved animals (Wiktor 1987).

Tandonia Lessona & Pollonera, 1882

Diagnostic features. No stimulatory organ in the atrium, accessory glands opening 
into the vagina (Wiktor 1987).

Tandonia rustica (Millet, 1843)
Figs 1, 3, 7A–D

Limax rustica Millet, 1843, Magasin de Zoologie, ser. 2, 5: 1, plate 63, fig. 1 [nord de 
l’Anjou, à la Bouillant, commune de la Chapelle-Hullin, ainsi qu’à Thorigné, etc.].

Type specimens. Probably does not exist, after Wiktor (1987: 286). See also remarks.
Differential diagnosis. Epiphallus more than twice as long as the penis (almost 

the same length in T. nigra and T. budapestensis); dark stripe above the pneumostome 
and on the opposite side of the mantle (missing in T. nigra and T. budapestensis); penial 
papilla short, blunt, with flap-like lobes around the central porus (short and blunt but 
folded in T. nigra; elongated with a stalk in T. budapestensis).

Description. Colouration. Many fully adult specimens (n = 56) were studied 
from six different Swiss Cantons (Bern, St Gallen, Grisons, Ticino, Obwalden, Nid-
walden) as well as from five regions in Italy (Bolzano, Sondrio, Torino, Lecco, Trento), 
from the Republic of San Marino and from two Departments of France (Alpes de 
Haute Provence, Isère).

The general pigmentation of Swiss specimens varies from a warm reddish brown to 
dark reddish or chestnut brown to very dark brown without any reddish brown hue. 
This pigmentation normally is not fading downwards to the fringe of the sole. How-
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ever, in some cases in the less dark pigmented populations in Switzerland, little fading 
downwards can be observed (Fig. 7A). The mantle is of the same colour as the dorsum, 
except for the surrounding of the pneumostome, which usually is paler. Many speci-
mens investigated are markedly darker when compared to Wiktor (1973, 1987) and 
Rowson et al. (2014b). The darkest specimens were found in southern Switzerland (Ti-
cino, Grisons - Val Bregaglia), and in the southwest bordering areas to Italy and France 
(Fig. 7B). Specimens from Central Switzerland (Lucerne, Nidwalden, Obwalden), 
northern and eastern Grisons, St. Gallen, and the eastern border area in Italy (Bolzano, 
Trento) are of a markedly lighter, pale reddish brown pigmentation (Fig. 7A, C, D).

The whole slug is covered with small black spots on dorsum, flanks, and mantle, 
but not on the keel. The characteristic black streaks above the pneumostome and on 
the same location on the left side of the mantle can vary greatly in size and form. Even 
though all our investigated specimens had spots and the characteristic streaks on the 
mantle, in some specimens they are almost invisible because of the overall dark pig-
mentation (Fig. 7B). Additionally spots in darker specimen may be much larger and 
sometimes irregularly jagged and elongated to streaks.

Head, neck and ommatophores are dark brown, while the tentacles are slightly 
paler. In many cases, the black pigmented ommatophoran retractor is clearly visible 
through the integument.

The keel is commonly paler in colour than the dorsum. Rarely the general pigmen-
tation of the keel matches the dorsal colour, this occurs especially in darker specimens.

The tripartite sole in pale coloured slugs is creamy yellowish, while darker slugs have 
a pale yellowish brown sole. Many darker coloured specimens have a hue of greyish 
black at the posterior outer margins of the lateral sole fields formed by very little black 
dots. Isolated single greyish black spots may occur along the outer edge of the sole.

Mantle structure. The pneumostome is positioned at 2/3 of mantle length, well 
posterior of the centre of the mantle. The pneumostome is not surrounded by a dis-
tinct ring-like structure, like it is the case in T. nigra. The “slit” of the pneumostome 
in all specimens does not end in the lumen of the pneumostome but runs anteriorly 
to at least the dorsal edge of pneumostome. In living individuals, the mantle surface 
is completely smooth besides the horseshoe-shaped sinus groove. The sinus groove is 
completely developed in all specimens in our series, and it reaches at both sides almost 
the posterior end of the mantle. In the dark specimens it needs magnification to see it 
clearly. The posterior margin of the mantle is not tightly attached to the integument 
and in living and contracted animals smoothly rounded. The posterior free mantle flap 
covers the anterior integument-tubercles as well as the openings of the postpallial or 
Wiktor’s pocket organ.

Postpallial pocket organ. In all specimens examined, the posterior part of the 
mantle covered two slit-like openings, the postpallial pocket organ, which was first 
detected and described by Schneppat et al. (2011) for Tandonia totevi (Wiktor 1975).

Integument structures. The number of tr (n = 52; tr 12/13-tr 19, ø tr 15) does 
not vary much in our specimens, and there is no significant variation between popula-
tions. The surface texture and the width of tubercles in live specimens vary from fully 
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Figure 3. Tandonia rustica. A–C sequenced specimen NMBE 568973, Rovio, Sovaglia A preserved ani-
mal B situs of genitalia C distal genitalia showing anatomical details D penis papillae of sequenced speci-
men NMBE 568978, Carona E–G sequenced specimen NMBE 564708, Goldswil E situs of genitalia 
F distorted epiphallus G details of lumina of vagina, atrium and penis, arrows pointing at the “twin papil-
lae” (tp) H–J spermathophore of specimen NMBE 571414, Orselina H genital pore with piece of sper-
matophore I, J largest part of the three pieces J detail of surface covering spines. Abbreviations: a = atrium; 
bc = bursa copulatrix; ep = epiphallus; fod = free oviduct; p = penis; ped = pedunculus; pp = penial papilla; 
spo = spermoviduct; tp = “twin papillae”; v = vagina; vd = vas deferens; vg = vaginal gland.
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straight to torn, depending on their body position. All tr from head to the 7th–9th row 
posterior to the pneumostome are entirely flat, smooth, wide, and remain so from the 
head and flank to the peripodial tubercle. The remaining tr reaching to the keel are 
somewhat crenulated, but are also wide, flat, and lacking ridges. Crenulations can only 
be seen under magnification. The tubercle rows may be long and undivided down to 
the peripodial tubercle, especially the ones below the lateral mantle edge. The more 
dorsal rows usually are divided in several tubercle compartments.

The keel is extended from the posterior margin of the mantle to the end of the 
dorsum. In some specimens, the keel was observed to be even slightly extending over 
the fringe of the sole, like a very little terminal thorn or knob. The keel has always an 
entirely smooth surface structure and is therefore clearly discernible from the crenu-
lated neighbouring dorsal tubercles. Live and preserved specimens do not differ in the 
extension of the keel and its structure.

Sole structure. The outermost edge or seam of the sole is separated from the dor-
sum by a longitudinal fold, the peripodial tubercle, which begins left and right of the 
mouth-flaps and runs posterior around the body. The peripodial tubercle together with 
the peripodial groove clearly separate the seam of the sole at its outermost posterior 
end, where the sole is rounded and not pointed. In the central field of the sole, many 
V-shaped transverse wrinkles exist, which are invisible in animal crawling on a pane of 
glass but are well visible in preserved specimens.

Mucus. The mucus lacks any pigmentation on body, mantle and sole and is ex-
tremely sticky. When irritated, some of the animals produced defensive mucus of white 
to yellowish greenish colour on dorsum, flanks, and mantle, but this could only rarely 
be observed.

Measurements. lw (n = 56): 1.5–6 g, ø 3 g; tl (n = 56): 52–92 mm, ø 69 mm; 
ml (n = 50): 18–33 mm, ø 23 mm; sw (n = 47): 5–10 mm, ø 7.3 mm. Ratio of tl/ml 
ranges from ca. 52/18 mm to ca. 92/33 mm; ø ml is 1/3 of tl.

Genital organs. Atrium very short and tubular; penis short, with a distal bulb 
harbouring the penial papilla and a second bulb consisting of the papilla basis marking 
the boundary to the epiphallus, interior penial walls simple; penis papilla ornamented, 
apex of papilla with a row of curved crests encircling the complete papilla giving it a 
flower like appearance (Fig. 3C, F); penis retractor muscle inserting at the epiphallus/
penis boundary; epiphallus externally with smooth surface, consistent in diameter, 
reaching up to 4 times the length of the penis.

Vagina twice the length of the penis, separated from the atrium by a sphincter; ac-
cessory glands entering close to the boundary of atrium and vagina; accessory glands 
digitiform or sac-like, either beige, brown or bright rusty red coloured; vaginal lumen 
with elongated, waved folds pointing towards the oviduct and the pedunculus of the 
bursa copulatrix; pedunculus somewhat longer than the vesicle; vesicle may be pointed 
or rounded.

Spermatophore. A spermatophore was found in a single specimen, broken into 
three parts (NMBE 571414, Ticino, Orselina, 14 February 2020). One part still stuck 
in the lumen of the genital pore of the slug, length 0.2 cm; it is completely covered 
with simple spines (Fig. 3H). The other two parts were found embedded in the vesicle 
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in a white, fibrous mass; digestion had already started. The smaller part is 0.35 cm 
long, curved and covered with undivided and, further on, bifurcated spines laterally. 
The largest part of the spermatophore is ~ 0.9 cm long and curled (visualized in Fig. 3I, 
J). Its outer surface is covered on the entire length with bifurcated spines. This is the 
first record of the spermatophore of this species.

Distribution. Our own distribution records are mainly limited to Switzerland, 
France, northern Italy, and the Republic of San Marino. The species itself is frequently 
recorded from the western alpine arc, but also from a wide range in Great Britain, 
Ireland, The Netherlands, Belgium, Luxemburg, France, Germany, Austria, Poland, 
Czech Republic, Slovakia, and Hungary (Wiktor 1987; Gavetti et al. 2008; Rowson 
2017). Reports for Romania are likely misidentifications with T. kusceri. Old reports 
for Bulgaria are shown to be wrong identifications of the very common T. kusceri 
(pers. obs.).

Habitat. This species is confined to beech forests on limestone talus.
Remarks. As original name of this species, Wiktor (1987) referenced a “Limax 

marginatus rusticus Millet, 1843”, which is wrong. In his text, Millet states “Je l’ai 
rencontrée au nord de l’Anjou, à la Bouillant, commune de la Chapelle-Hullin, ainsi 
qu’à Thorigné, etc.”. These localities can be found in the larger surrounding north of 
Angers, Region Pays de la Loire, Déptartement Maine-et-Loire, thus we consider this 
area the “type area” of L. rusticus. A neotype should be selected from one of the men-
tioned places to unambiguously fix the use of this name.

When it comes to morphology Wiktor (1987) mentioned 18–19 tr, which is 
higher than most of our counts, but still in the range of our data. Comparing the 
exterior of living and preserved specimens with the description by Wiktor (1987: 286) 
and Rowson et al (2014b), many differences were found. No specimens of generally 
“white or white creamy” pigmentation, nor those of “pinkish or violetish” hues could 
be recorded by us in Switzerland and bordering areas. Most specimens investigated are 
explicitly darker than described by Wiktor (1987) and Rowson et al (2014b) indicating 
a much higher intraspecific variability of the species in other areas of distribution. 
Colour morphs exclude each other’s following the geographical pattern as described 
above. In Wiktor (1987: figs 196, 197), the pneumostome is positioned on the left side 
of the body, which most probably is an error or a sinistral specimen.

Regarding the genital anatomy we found genetically identified T. rustica (NMBE 
564708, NMBE 568978), which show a very similar anatomy to T. kusceri with a long 
(in one specimen) coiled epiphallus and in both a round bursa copulatrix (Fig. 3E, F). 
For the coiled epiphallus it might be a sexually active specimen, very probably after the 
ejection of the spermatophore. Even though the characters of T. rustica and T. kusceri 
seem to meet, the two species can be distinguished by their habitat. Tandonia kusceri 
usually is found in disturbed, synanthropic habitats, whereas T. rustica is usually found 
in untouched more natural woodland habitats.

Wiktor (1973) and Likharev and Wiktor (1980) report a long stem of the penial 
papilla, an observation we could not reproduce. Later, Wiktor (1987) reported a slight-
ly reduced length, but even this reduction does not fit to our results. In all our dissected 



Milacidae from Switzerland 161

specimen, we had a bulky papilla tightly attached to the constriction of the epiphallus 
and therefore without a stem.

Gerhardt (1940) observed the copulation behaviour of the species in his labora-
tory; however, he did not illustrate the spermatophore. He observed the first copula-
tion on 17 November 1938 followed by two copulations on the 4 December 1938. 
His specimens were collected near Porto d’Ischia, Isola d’Ischia, Italy. It remains un-
clear whether these specimens were T. rustica; later research on the island yielded no 
specimens of this species. In case Gerhard’s determination was correct, the data of the 
observed copulation and those from our collection with the spermatophore found on 
14 February 2020 indicate that this species probably mates during the winter season, a 
period where malacological research activity is rather low.

Tandonia nigra (C. Pfeiffer, 1894)
Figs 4, 5, 7C, D, 8

Amalia nigra C. Pfeiffer, 1894, Nachrichtsblatt der Deutschen Malakozoologischen 
Gesellschaft, 26: 68 [Gipfel des Mte. Generoso (1695 m.)].

Type specimen. Holotype SMF 107558.
Differential diagnosis. Torus with spikes inside the vagina, epiphallus with a field 

of nodes on the surface; for other character states, refer to the paragraph under T. rustica.
Description. Colouration. The animals at the type locality are dark blackish 

brown coloured with the dorsum almost black (Figs 4, 8B, C). In lower altitudes of the 
mountain, animals were dark grey (Fig. 8A) to almost white in colour, with the mantle 
and dorsum finely blotched (Fig. 8D, E). Two animals also had a light greyish cream 
ground colouration, one with darker small grey blotches all over the body (Fig. 8F).

The mantle generally matches the dorsal colour. For the topotypic specimen, dots 
at the edges of the mantle are lacking. However, in light colour morphs, the mantle 
appears slightly darker than the dorsum because of the accumulated dots and blotches. 
In many of these specimens the highest density is along the sinus groove.

For the topotypical colour morph the flanks are pigmented as the dorsum, but 
with a narrow, paler greyish stripe just above the edge of the sole with little blackish 
grey dots and stripes. This also refers to the flanks below the edge of mantle. In the 
light colour morphs, the dorsum and flanks are covered by very fine dark dots on the 
top of the tubercles (not along the grove lines; not a reticulation). This pigmentation 
pattern is found from the dorsum down to the edge of the sole. Some larger, irregularly 
scattered black spots more posterior on dorsum and flanks add to this remarkable col-
ouration. The flanks below the mantle lack this dark pigmentation and are of a paler 
colour than the rest.

Neck and head in the dark colour morphs are black as are the ommatophores. The 
ommatophores are somewhat translucent, and the black ommatophoran retractor can 
be seen through the integument. No black dotting on the ommatophores is visible. 
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Figure 4. Tandonia nigra. A–F sequenced topotype NMBE 569047, Monte Generoso, Rovio, Calva-
gione, 1.650 m alt A lateral view right B dorsal view C ventral view D lateral view left E dorsal view show-
ing the postpallial pocket organ (indicated with arrows) F lateral right view of mantel with pneumostome. 
Abbreviation: ppo = postpallial pocket organ.

The tentacles are black. In the light colour morphs, the head, neck and the ommato-
phores are always darker if compared to the body colour.

The keel is of the same colour as the body and thus difficult to see in a crawling animal.
The sole is uniformly creamy yellowish grey in all specimens. In one topotypic 

specimen, the posterior ends of the lateral sole fields are pigmented with dark grey 
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dots. In two other specimens, the seam of the sole is pale grey with irregularly dis-
persed, small black dots.

Mantle structures. The pneumostome is positioned on the right side, at ca. ¾ of 
mantle length, well posteriorly of the middle of the mantle, surrounded by a narrow 
and almost invisible ring-like structure (Fig. 4F). The visibility of surface structures in 
living animals strongly depends on the age of the specimen, its condition, and the gen-
eral air humidity when it is observed. The surface of mantle, besides the sinus groove, 
can be totally smooth (high temperature/humidity and high production of mucus) or 
very finely crenulated, or a stage between; the sinus groove is completely visible, often 
accentuated by a dark pigmentation, reaching almost the end of the posterior mantle 
edge. The slit of the pneumostome runs anteriorly to at least the dorsal edge of pneu-
mostome. The posterior margin of the mantle is not tightly attached to the integu-
ment. The posterior free mantle flap covers the anterior integument-tubercles (Fig. 4A) 
as well as the slit-like transverse openings of the postpallial pocket organ (Fig. 4E). The 
posterior mantle edge is markedly indented (curved).

Postpallial pocket organ. As in Tandonia rustica.
Integument structures. The number of tr of integument, from the slit of pneu-

mostome to the keel does not vary much (n = 3; the topotypes only); from tr 15–17). 
The surface texture and the width of tubercles in live specimens vary depending on 
their position on the body. The tr do not appear to be strongly divided in several 
compartments, only few compartments exist. The tr are all finely crenulated, but also 
can appear to be totally smooth. In all specimens, the keel extends from the posterior 
margin of the mantle to the end of the dorsum and is entirely smooth. It is not erected, 
but evenly rounded, sometimes almost flat and not exposed over the dorsal tr.

Sole structure. As in Tandonia rustica.
Measurements. lw (n = 3): 1.35–2.5 g, ø 1.85 g; tl (n = 2): 46 mm and 70 mm; ml 

(n = 2): 17 mm and 22 mm; sw (n = 2): 4.5 mm and 5 mm.
Ratio of tl/ml ranges from ca. 46/17 mm to 70/22 mm; ø ml being a little more 

than 1/3 of tl.
Mucus. The mucus is transparent on body, mantle and sole, and sticky. So far, no 

coloured defensive mucus was observed.
Genital organs. Atrium short; penis tubular, constricted in the middle; interior 

penial wall with a prominent transversely oriented fold; distal to the fold a simple penis 
papilla (Fig. 5B, C); papilla base slightly swollen; penis and epiphallus equal in length 
and diameter, divided by a constriction, where penis retractor muscle inserts; epiphal-
lus surface with nodular structures primarily on its proximal end.

Vagina shorter than penis; accessory glands entering distally on vagina, close to 
pedunculus and oviduct, formed by a broad truncus with bundles of tubuli attached; 
the vaginal walls richly covered with folds forming a zig zag pattern; a prominent torus 
with a row of acute conical spikes running through the vagina from atrium almost 
reaching the branching point of the pedunculus of the bursa copulatrix (Fig. 5D, E); 
pedunculus shorter than vesicle; vesicle elongated, rounded at the tip; oviduct slim 
and long.
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Figure 5. Tandonia nigra. A–D sequenced topotype NMBE 569047, genital organs A situs of geni-
talia B penis with epiphallus showing the granulation on the epiphallial surface and the penis papilla 
C epiphallus opened to show the transparent globuli D vagina opened showing the torus with the row of 
spikes E sequenced specimen NMBE 568980, situs of genitalia. Abbreviations: a = atrium; bc = bursa cop-
ulatrix; ep = epiphallus; fod = free oviduct; p = penis; ped = pedunculus; pp = penial papilla; spo = sper-
moviduct; v = vagina; vd = vas deferens; vg = vaginal gland.

Spermatophore. No spermatophore found in our specimens. It was described and 
figured by Regteren Altena (1953: fig. 7).

Distribution. Tandonia nigra is a rarely found species in Switzerland, and all lo-
cally constricted to the Sottoceneri, which is the southern part of the Canton of Ticino, 
including the districts Lugano and Mendrisio. Our series is very small (n = 9). All 
specimens are from Canton Ticino, from a very restricted area around the Monte Gen-
eroso only, including the type locality (n = 3). For more information refer to chapters 
Remarks and Discussion.
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Habitat. In the summit region of Monte Generoso, T. nigra lives in crevice-rich 
limestone rocks, which are sparsely vegetated. Under dry weather conditions T. nigra is 
rarely found active on the surface, it is hidden in rock crevices, at least during the day. 
In the summit region, only very dark-coloured animals have been observed so far. In 
lower altitudes, T. nigra is so far recorded in semi-natural deciduous forests. These are 
various mixed deciduous forests with beech, hop hornbeam, lime, field maple, ash, ha-
zel, common whitebeam, and manna ash (i.e., southern alpine toothwort beech forest, 
Cardamino-Fagetum cyclametosum, hop hornbeam forest, Orno-Ostryon). All habitats 
are relatively shady. At higher altitudes, these forests are relatively dry, at lower altitudes 
they tend to be fresh to moist. For the snails, retreat sites with a certain soil cover and 
air humidity are important. In autumn 2021, however, two animals could be observed 
crawling during the day in relatively high humidity on a crack-rich, largely dry retain-
ing wall. The first wall was on a mortared garden retaining wall on a natural road, the 
other on a dry stone wall along a road. Both walls are situated in semi-shade and are 
only exposed to sunlight for a few hours a day. In the forest, T. nigra is found under 
stones, amongst fallen leaves, in rock crevices and on dead wood. During several hikes 
in the summit region, only single animals were observed in humid conditions and 
during sunrise.

So far, all records in Switzerland originate from areas with a good calcium supply. 
The altitudinal range of its habitats spans from 435 m near Rovio to the highest point 
at 1700 m.

Life history. There are almost no observations on the biology of the species pub-
lished. Tandonia nigra feeds on fallen leaves, but possibly also on lichens and detritus. 
Mating behaviour and reproduction mode are not yet described. A specimen with 
spermatophore was collected on 30 July 1948 (Regteren Altena 1953). We conclude 
that the copulation season for T. nigra is in July.

Remarks. The author of this species is Karl Ludwig Pfeiffer (1874–1952), who 
usually published under the name Karl L. Pfeiffer = K. L. Pfeiffer (Zilch 1972).

The most remarkable new finding is the presence of several/additional colour 
morphs in T. nigra. Pfeiffer’s (1894) sketchy description of the “small and slim” single 
specimen (most probably a juvenile) he had collected in autumn 1893, is rather unin-
formative. Nonetheless, he described a few interesting details concerning the coloura-
tion: “almost entirely deep black, only towards the sole somewhat lighter, with two 
longitudinal black lines leaving a very fine yellow line between”. The “very fine yellow 
line” describes the peripodial groove, the first black line a stripe (peripodial fold) just 
above the yellow line, the second black line must be the edge of the sole. In our topo-
types (n = 3) such a fine yellow line was missing in two specimens, while in the other 
one the line was creamy white. The extremely fine black lines are in fact not visible by 
the bare eye only. Pfeiffer found “the keel as black as the dorsum and mantle”. Wik-
tor (1987) mentioned that “Pfeiffer thought it can be a melanistic form of T. rustica”, 
but Pfeiffer (1894) did not mention T. rustica at all. Wiktor described the colouration 
based on a single topotypic specimen (Rijksmuseum Leiden no. 988), which also had 
been examined by Regteren Altena in 1953. This specimen was differing in some re-
spects from the original description by Pfeiffer: “Mantle at first sight uniformly black, 
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in fact at its edges very dense black dots on dirty creamy ground, visible however only 
in magnification”. The differences in these descriptions already indicated that for this 
species some intraspecific variation can be expected.

Our recent research on the new additional colour morphs of T. nigra at the lower 
altitudes of Mt. Generoso at Mendrisio, Val Cürta (PM), and from the surrounding 
of Rovio (pers. comm. K. Lassauer 2020) has confirmed this impression. These pale 
creamy specimens were first thought to belong to a different, potentially new species, 
but our genetic assessment evidenced that these are just colour morphs of T. nigra. The 
penis papilla in some pale colour morphs was less fleshy and bulgy than the topotypic 
adult specimens. The difference in the penis papilla of some lighter colour morphs 
might be due to their subadult stage. Concerning the anatomy, the nodular struc-
ture on the epiphallus has been visible in fully adult but also in subadult specimens. 
In some cases, the lumen of the epiphallus was filled with transparent, tiny globuli 
(Fig. 5C) of unknown function.

In each of the Swiss specimens examined, the posterior end of mantle is markedly 
indented, as it was already described by Pfeiffer (1894). Pfeiffer (1894) found nine tr 
on both sides of the body. Most probably he counted the number of tr between keel 
and the edge of the sole, i.e., at mid of the dorsum downwards to the edge of the sole. 
Wiktor (1987) reported 13 tr from the single specimen examined by him. This result 
also does not compare to our counts in the topotypes. The tr can also be totally smooth 
as already reported by Pfeiffer (1894). The high number of tr will always allow differen-
tiating T. nigra from T. budapestensis, but not necessarily from juvenile T. rustica if not 
taking pigmentation into account. Concluding, the main intraspecific variability can 
be found in the body pigmentation as well as in the number of tr on the body. Given 
the few specimens investigated so far, essentially more research is required to cover all 
variants in this species.

For a rather long period, T. nigra, was thought to constitute an endemic species for 
Switzerland, or it was omitted as a member of the Swiss Fauna (Forcart 1942). Quite 
recently, Rähle (1997) identified a population of a small black Tandonia species from 
Valle Brembilla, Bergamo, Italy (coll. SMNS) as T. nigra. Forcart (1959) identified a 
sample (NMB 06166a) from Austria, north Tirol as Milax simrothi Hesse 1923, which 
subsequently was corrected by Wiktor (1987) to T. nigra. We received a specimen iden-
tified by G. Nardi as T. nigra from Italy, Laxolo, Valle Brembilla, Bergamo (NMBE 
561307), which is almost identical with Rähle’s locality. As a result, Nardi (2017) 
shaped the distribution area of T. nigra over a rather wide range in northern Italy. We 
tried to re-assess the identity of these specimens.

Unfortunately, it was impossible to extract DNA from the specimen from Laxolo 
(NMBE 561307), and the preservation state of the animal was poor. As a result, there 
is no genetic evidence that this is the same species as T. nigra. It shares some details 
with the topotypic Swiss specimens, particularly the presence of the penial papilla, the 
vaginal torus with the spiked papillae, and the epiphallial node field. However, Rähle 
(1997) found major differences in the genital organs: He did not find a penial papilla 
(large and well developed in our specimens), and the accessory glands in his specimen 
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were restricted to some unbranched tubes situated around the distal end of the vagina 
(large, branched bundles of tubuli in our specimens). This is astonishing as both speci-
mens originate from the same locality. Revision of the Austrian sample (NMB 06166a) 
failed because of its bad preservation status.

Since its description, eight malacologists (CSCF mapserver, May 2022) have re-
corded this species from the summit of Mt. Generoso. New sites were found by two 
malacologists from 2005–2021. Given the doubts in identification of the non-Swiss 
populations, the question whether this is an endemic species for Switzerland or not is 
not finally answered.

Tandonia budapestensis (Hazay, 1880)
Figs 6, 7E, F

Amalia budapestensis Hazay, 1880, Malakozoologische Blätter, Neue Folge. 3: 37, pl. 1, 
fig. 1 [Budapest, Festungsberg im königlichen Garten].

Type specimens. Not researched and not mentioned by Wiktor (1987); probably lost.
Diagnosis. Sole with a dark central field; for other character states, refer to the 

paragraph under T. rustica.
Description. Colouration. Living Swiss specimens (n = 10) show a dark rusty-

brown to dark chocolate-brown colour on dorsum and flanks to the fringe of the sole. 
The flanks below the mantle are somewhat paler dark brown grey. Dorsum and flanks, 
if not unicolourous, may show small black spots and stripes concentrated along the 
tubercle groves. This can be observed only under magnification and in good light.

The mantle sometimes can be darker than the dorsum because of many black dots 
and irregular black marbling.

The ommatophores are almost black-brown, but sometimes little translucent in 
good light, so the black ommatophoran retractor can be seen through the integument. 
The tentacles are of the same colour.

The colour of the keel ranges from dark brown to rusty orange in its full length.
The sole is grey to dark blackish grey, with the central field sometimes being almost 

black. In all three sole fields, many black, irregularly jagged spots (chromatophores?) 
exist, which can be seen only under magnification.

Mantle structures. The pneumostome is positioned on the right side of the body 
at 2/3 of mantle length, well posteriorly of the middle of the mantle.

Postpallial pocket organ. As in Tandonia rustica.
Integument structures. The number of tr on the integument, counted from the 

slit of pneumostome to the keel (n = 7; tr 9/10-tr 12, ø tr 10/11). The low number of tr 
allows in almost all cases to differentiate T. budapestensis from small and dark T. rustica. 
Wiktor (1987) found 9–11 tr, which fits to the variation we found in Swiss specimens. 
The surface texture and the width of tubercles in live specimens vary somewhat 
depending on their position on the body. The tr are all more or less finely crenulated. 
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Figure 6. Tandonia budapestensis. Sequenced specimen NMBE 564562, Zurich, Wollishofen. A lat-
eral right view B ventral view C situs of genitalia D distal genitalia opened to show inner structures 
E opened penis papilla and epiphallus F penial papilla. Abbreviations: a = atrium; bc = bursa copulatrix; 
ep = epiphallus; fod = free oviduct; p = penis; ped = pedunculus; prm = penis retractor muscle; spo = sper-
moviduct; v = vagina; vd = vas deferens; vg = vaginal gland.

Caused by the low number of tr, they are comparatively wide and obviously wider then 
in T. rustica. All tr are divided in several compartments.

In all specimens, the keel extends from the posterior margin of the mantle to the 
end of the dorsum. It is not projecting but evenly rounded, sometimes almost flat and 
not much exposed over the dorsal tr. It is entirely smooth.
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Sole structure. The sole structure is similar as in Tandonia rustica, but the coloura-
tion is not uniform and has a dark central field.

Measurements. lw (n = 8): 0.4–1.28 g; ø 0.78 g; tl (n = 8): 24.6–62 mm, ø 40 mm; 
ml (n = 8): 7–19 mm, ø 12 mm; sw (n = 8): 2.5–6 mm, ø 3.7 mm.

Ratio of tl/ml ranges from 24/7 mm to ca. 62/19 mm; ø ml is little more than 1/3 of tl.
Mucus. The mucus lacks any pigmentation on body, mantle and sole, but 

is extremely sticky. In a few cases mucus of little pale-orange colour may occur in 
Swiss specimens.

Figure 7. Living specimens of Tandonia. A, B Tandonia rustica A sequenced specimen NMBE 568974, 
Wartau, Trübbach B sequenced specimen NMBE 568973, Rovio, Sovaglia C, D Tandonia rustica (two 
mottled specimens) meeting a pale colour morph specimen of Tandonia nigra, Val Cürta, Mt. Generoso 
E, F Tandonia budapestensis E NMBE 571881, Roggwil, F NMBE 571882, Meggen.
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Genital organs. Atrium wide, spherical shaped; atrium wall covered with folds; penis 
bulged in the centre; penial walls with long folds ending at muscular ring; penis papilla 
large, simple oval fold around the opening; papilla basis long, distally shrinking in diameter; 
penis/epiphallus boundary marked with constriction, where penis retractor muscle inserts; 
epiphallus matching penis in length; epiphallus surface smooth with apical part kinked.

The vagina is extremely short, separated from the atrium by a muscular ring; acces-
sory glands sac-like attached at centre of the vagina; vaginal walls simple; pedunculus 
of bursa copulatrix large in diameter, longish vesicle; pedunculus wall with longitudi-
nal internal folds showing a zig zag pattern; oviduct slim and long.

Spermatophore. The spermatophore was described and illustrated by Wiktor 
(1987: figs 114, 115).

Distribution. Tandonia budapestensis is an introduced species and not commonly 
found in Switzerland. Our series are small (n = 10), and all originate from Cantons 
Bern, Lucerne, and Zurich. It is rather strictly nocturnal, but occasionally occurs under 
very wet weather conditions also during the day (pers. obs.). It is a quite inconspicu-
ous slug, and thus only rarely found. The relatively few records at CSCF hardly reflect 
the state of occurrence in the country, and it is assumed that the species is widely 
overlooked by Swiss malacologists. It is apparently a lowland species and has not yet 
reached higher altitudes. This coincides with observations on this species in Bulgaria.

Habitat. All Swiss specimen were exclusively found in urban areas (anthropogenic 
habitats) in house gardens, along an old city wall, and close to a small brook with trees 
and shrubs. The population along the old city wall of Lucerne was checked several 
times over the years and seems to be stable.

Remarks. We found some Bulgarian specimens ranging from unicoloured yellow 
to almost completely black. Such colour morphs might be expected in the future in 
Switzerland, too.

Milax Gray, 1855

Diagnostic features. Atrial accessory glands present¸ atrium with internal stimulator 
(Wiktor 1987).

Milax gagates (Draparnaud, 1801)

Limax gagates Draparnaud, 1801, Tableau des mollusques terrestres et fluviatiles de la 
France: 100 [presumably near Montpellier fide Wiktor 1987: 202].

Type specimens. Not investigated and probably do not exist; not mentioned by Wik-
tor (1987).

Swiss specimens examined. NMBE 510286, Bern, Vechigen, in a garden, July 
1970, leg. M. Wüthrich; other record: NMBE 561736, Jura, Porrentruy, in a garden, 
August 1985, leg. Rüetschi (specimen dried up).
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Description. Colouration. Wiktor (1987) describes M. gagates as uniformly grey-
ish to blackish, except for the flanks being lighter and always lacking spots. However, 
our specimen from Vechigen has a beige basic colouration with grey-brown blurred 
dots covering the mantle and dorsal part of the slug. On the flanks, mainly the longi-
tudinal tubercules are coloured by small brown dots, which results in a rather striped 
than reticulated appearance (Fig. 9A, B).

The mantle has the same colouration as the dorsum. Above the pneumostome, 
along the horseshoe-shaped sinus groove, is a prominent grey band.

The neck and head have a darker colouration compared to the body and are uni-
formly grey coloured without dots.

The keel is also beige, but lighter coloured compared to the rest of the body.
According to Wiktor (1987), the sole varies from grey to blackish, with darker 

lateral zones and lighter central zone. In the Swiss specimen, the sole shows the same 
colour as the body, but small, brown-grey dots are spread over the whole sole with a 
strong accumulation in the central zone. Thus, it seems that the lateral zones are lighter 
if compared to the central one (see Fig. 9C).

Mantle structure. The pneumostome is positioned slightly posteriorly to the cen-
tre of the mantle. The sinus groove is well visible in this preserved specimen.

Postpallial pocket organ. As described in T. rustica.
Integument structure. The tr are not countable, most likely because of the pres-

ervation of the specimen. The tubercules are large, similar to T. budapestensis, and not 
small as in T. nigra and T. rustica.

The keel is elevated over the neighbouring tubercules only close to the mantle, and 
flattens towards the posterior end.

Sole structure. The sole structure is like in the described Tandonia species (see 
T. rustica), but instead of a uniform colouration, the sole is lighter on the lateral zones 
and more pigmented on the central zone.

Measurements. The measurements were done on the preserved specimen 
NMBE 510286. tl = 30.8 mm; sw = 4.1 mm; ml = 9.8 mm. This results in a ml/tl 
ratio of ~ 1/3.

Genital organs. Atrium short, spherical; accessory atrial glands are attached cen-
trally to the atrium with several coiled tubules (Fig. 9E, arrow); inside the atrium, a 
short, pointed but flat stimulator (Fig. 9F, arrow) existing; penis rather long with a 
constriction in the middle; distal bulb containing penial papilla; penis retractor muscle 
attached at penis-epiphallus boundary; epiphallus tubular, widened distally; vas defer-
ens entering asymmetrically on epiphallus.

Vagina shorter than penis; pedunculus broad and equal in length to vesicle; vesicle 
wider than pedunculus, spherical; female oviduct slender and long.

Spermatophore. The spermatophore was illustrated and described by Wiktor 
(1987: fig. 72).

Distribution. This species is widespread in the western Palaearctic, in Portugal 
and parts of Spain, France, United Kingdom, etc. (see Wiktor 1987: map 3). Many of 
the existing populations are considered to be introductions; the original distribution 
remains unknown. Meanwhile, the species reached an almost global distribution.
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Figure 8. Colour variations of Tandonia nigra. A greyish morph from Rovio, waterfall at Botto, NMBE 
568980 B, C topotype from summit area; NMBE 569047 D Mendrisio, Val Cürta, NMBE 570972 
E Capolago, Val Cürta, NMBE 570971 F Rovio, Sasso Piatto, NMBE 570974.

Remarks. The specimen from Vechigen is provisionally identified as M. gagates. The 
single animal depicted in Fig. 9 shows the general anatomical character states of this 
species; however, in our animal, the penis is considerably longer than in the specimen 
illustrated by Wiktor (1987: fig. 68). A comparison with all other Milax species yields 
no match; the only species, which might be present in the area is M. nigricans. This spe-
cies differs by having a short epiphallus, and long tubules connecting the atrial glands 
with the atrium. Another potentially reliable distinctive character state can be found in 
the atrial stimulator: With only a few spines in M. gagates, and with lots of spines in 
M. nigricans (see Wiktor 1987; Hutchinson and Reise 2013). However, the stimulator 
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in our specimen was completely reduced and no detailed structures were discernible. 
Unfortunately, no DNA could be extracted from the rather old specimen from Vechigen.

The very small specimen from Porrentruy was not only completely dried up and 
completely bleached but turned out to be a young juvenile without any sign of a 
genital pore. In fact, juvenile specimens cannot be determined on species level from 
exterior characters, when genital anatomy is not developed. For this reason, we suggest 
considering this record as Milax sp. rather than M. gagates.

Finally, there is a specimen housed in the collection of the Muséum d’histoire 
naturelle de la Ville de Genève, which had been identified as M. gagates (MHNG-
MOLL-138933, Geneva, November 1968). The specimen was already dissected prior 
to our investigation and damaged. The investigation of its genital organs yielded no 
definite result on its specific identity; it certainly is a species from the Milacidae.

Figure 9. Anatomy of Milax gagates. A–F NMBE 510286 A lateral view right B dorsal view C ventral 
view D situs of genitalia E accessory atrial glands attached with coiled tubules on atrium F stimulator 
inside the atrium. Abbreviations: a = atrium; ag = atrial gland; bc = bursa copulatrix; ep = epiphallus; 
fod = free oviduct; p = penis; ped = pedunculus; prm = penis retractor muscle; spo = spermoviduct; 
stim = stimulator; v = vagina; vd = vas deferens.
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Discussion

In this study we discuss four species of Milacidae recorded from Switzerland. Three 
are widely distributed in Europe like T. rustica, M. gagates, and T. budapestensis, while 
T. nigra is considered to be a small range endemic species for the Central Alps. Regard-
less, the group is badly underreported in Switzerland, and some of the information 
provided here is new to science (e.g., finding the first spermatophore for T. rustica). 
Usually, the descriptive details provided here are taken from Swiss specimens investi-
gated by the authors; hence, other colour morphs of the respective species may occur 
elsewhere. A general character analysis embracing specimens from the entire distribu-
tion area of a species must be postponed.

Comparing the anatomical character states between T. rustica and T. kusceri, some 
discrepancies can be found between our results and those of other authors (Wiktor 
1987; Korábek et al. 2016; Turóci et al. 2020) who claim that T. rustica is characterised 
by a pointed vesicle of the bursa copulatrix and a straight epiphallus threefold the 
length of the penis (Wiktor 1987: 288). In contrast, T. kusceri is considered to have 
a rounded vesicle and a heavily coiled epiphallus 5–6 times the length of the penis 
(Wiktor 1987: 259). Our sequenced specimens (Fig. 3) unambiguously cluster with all 
T. rustica samples from alpine areas of Switzerland, France, and Italy. Our Fig. 3A–C 
displays the classical rustica conditions in the morphology of its genital organs. This is 
contrasted by a specimen from Goldswil (NMBE 564708), which resembles the kusceri 
conditions. These observations raise the question of the reliability of such character 
states, which ideally should be based on investigation of topotypic specimens. Is the 
shape of the vesicle a fixed trait? Functioning as a receptor of the spermatophore 
one can expect that the form of this organ may vary according to 1) the maturity of 
the individual, 2) the form of the spermatophore, and 3) the actual sexual stage the 
animal reached at the moment of preservation (pre-mating, spermatophore intact 
inside the vesicle, or spermatophore already digested). Therefore, some variability of 
the shape should be conceded. For example, Turóci et al. (2020: fig. 7) illustrated a 
rounded elongate vesicle for T. rustica, and the claimed “apically pointed” trait is not 
visible for us. Obviously, the shape of the vesicle undergoes some variation, and thus 
cannot strictly be used for species discrimination. It remains to be investigated on how 
many specimens Wiktor based his firm statement for T. rustica (his specimen(s) came 
from Poland); a comparative study based on several animals from several populations 
should be performed to clarify this. Similarly, the shape of the epiphallus may depend 
on the maturity status of the specimen. A coiled epiphallus may be found shortly after 
the ejection of the (often coiled) spermatophore, and probably explains the differences 
in our specimens depicted in Fig. 3A–C and Fig. 3E–G. Wiktor (1987: 243, fig. 
132) provided a sketched drawing of the penis-epiphallus boundary, where he found 
two papillae in a row for T. cristata (Kaleniczenko, 1851). Here, the penial retractor 
attaches at a constriction of the “epiphallus”, which is internally accompanied by a 
first papilla, and then followed by a second papilla pointing into the atrium. Browsing 
through his anatomical drawings and the position of the papillae, it seems as if some 
species have a “twin” system, and others have only a distal papilla. Our Fig. 3G shows 
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exactly such a twin case in a specimen, which genetically turns out to be T. rustica 
(see arrows). Obviously, we are far from understanding the morphological details of 
the male copulatory system of Tandonia species, so many more traits await detection 
and evaluation as to whether they are suitable for species recognition or not. Finally, 
it must be noted that our use of the names T. rustica and T. kusceri needs to be 
corroborated by inclusion of topotypic specimens in future studies. There are no 
genetic nor detailed morphological data available for animals from Angers (T. rustica) 
nor from Niş (T. kusceri), which is prerequisite for the correct application of the 
names to a biological entity. The fact is that there are two genetically separated clades 
as proven by Korábek et al. (2016) and Turóci et al. (2020), and which could be 
confirmed by our study.

We could show that the small and dark specimens of Tandonia species from the 
Alps east of the Monte Generoso, from Monte Baldo, the Bergamasque Alps, north 
Tirol in Austria, and elsewhere are still in need of a very careful revision. Here, a genetic 
investigation is pending targeting at taxa such as T. simrothi (Hesse, 1923), eventually 
also T. baldensis (Simroth, 1910). Wiktor and Milani (1995) and Nardi (2011) 
recorded T. simrothi from the area of Brescia and further east and northeast, indicating 
the potential confusion of these species with T. nigra as both species are small in size 
and usually overall darkly pigmented. The newly described brighter colour morphs in 
T. nigra indicate that such a survey should not be restricted to “small and black species”. 
Otherwise, we potentially overlook existing biodiversity. In fact, Switzerland still has a 
high responsibility for T. nigra, which may be a true endemic of the Mt. Generoso area.

Tandonia budapestensis, an invasive species, was first recorded for Switzerland in 
1934 (Forcart 1942; NMB no. 4580a & b). This species can easily be detected and 
identified. It is known as a potential pest species, but fortunately, records for Switzer-
land are extremely rare. This might be explained by a bias because malacologists rarely 
investigate synanthropic sites, and thus the recording has a methodologically biased 
gap. We consider this species as still significantly underreported for Switzerland, and 
probably also elsewhere.

Milax gagates is also considered an introduced species and was recorded only three 
times for Switzerland. Each time, only a single specimen was found. Probably this spe-
cies is introduced to Switzerland from time to time (Rüetschi et al. 2012); however, as 
far as we know, no permanent population has been established in the country so far.

For future research we recommend following the preservation procedures for slugs 
as described above. Perfect samples should be accompanied by photographs taken in 
the field. Juvenile and subadult specimens should be raised until reaching maturity 
prior to preservation.

Barcoding and species delimitation such as ASAP can be helpful tools when it 
comes to the question of species identification, abundance, and distribution. In this 
study, we found that many characters which were thought to be diagnostic for a spe-
cific species have been shown to be intraspecific variables. In some cases, this variability 
of one or more characters may even overlap with other species, as it is the case for the 
anatomy of T. rustica and T. kusceri. In this specific case, a genetic study can help to 
distinguish those species.
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