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Abstract

Fourteen symphytognathid species belonging to three genera are examined, including the descriptions
of eight new species and two new genera from China, Vietnam, Thailand and Myanmar: Patu Marples,
1951: P catba S. Li & Lin, sp. nov. (3, Vietnam), P dakou S. Li & Lin, sp. nov. (39, China), P damtao
S. Li & Lin, sp. nov. (&, Vietnam), P, jiangzhou S. Li & Lin, sp. nov. (¥, China), P jidanweishi Miller,
Griswold & Yin, 2009 (39, China), P nagarat S. Li & Lin, sp. nov. (9, Thailand), 2 nigeri Lin & S.
Li, 2009 (¥, China), P putao S. Li & Lin, sp. nov. (¥, Myanmar), 2 giqi Miller, Griswold & Yin, 2009
(9, China) and P, xiaoxiao Miller, Griswold & Yin, 2009 (8@, China); Kirinua S. Li & Lin, gen. nov.:
K. maguai S. Li & Lin, sp. nov. (39, China) and K. yangshuo S. Li & Lin, sp. nov. (39, China); Swilda
S. Li & Lin, gen. nov.: S. longtou (Miller, Griswold & Yin, 2009), comb. nov. (%, China) is transferred
from Crassignatha Wunderlich, 1995 and S. spinathoraxi (Lin & S. Li, 2009), comb. nov. (39, China)
is transferred from Patu. Diagnoses, descriptions and illustrations are provided for new taxa, as well as a
distribution map. The males of P xiaoxiao and S. longtou are described for the first time. Type specimens
of P jidanweishi, P nigeri, P qiqi, P xiaoxiao, S. longtou and S. spinathoraxi are re-examined and photo-
graphed. All Asian Patu species are revised and two species, P kishidai Shinkai, 2009 and P, bispina Lin,
Pham & S. Li, 2009, are transferred to Crassignatha and proposed as new combinations: Crassignatha
kishidai comb. nov. and C. bispina comb. nov. In addition, DNA barcodes and genetic distances of ten

species treated in this paper were obtained to confirm identification.
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Introduction

Symphytognathidae Hickman, 1931 is a small spider family mainly distributed in
tropical and subtropical regions of the Oriental and Neotropical realms. Ninety sym-
phytognathid species in eight genera are known, of which 45 species and six genera
occur in Asia (WSC 2021).

Before the current study, fourteen species from China, Colombia, Fiji, Japan, New
Guinea, Samoa, Seychelles and Vietnam were assigned to Paru Marples, 1951. Miller
etal. (2009) mentioned that Pazu is a particularly problematic genus because of insuf-
ficient study of the copulatory organs, the scarcity of material in collections and the
minute size of these animals. A complete revision of this genus is still lacking and the
taxonomic placement of some doubtful species needs to be clarified.

The aim of this paper is to provide data on Asian Paru and related genera, includ-
ing descriptions of new species and genera, based on recent collections from China,
Vietnam, Thailand and Myanmar.

Materials and methods

More than 1200 adult symphytognathid specimens were examined in a 95% eth-
anol solution under a Leica M205 C stereomicroscope. The digital photos were
montaged using Helicon Focus 3.10 (Khmelik et al. 2006) image stacking software.
Male palps and epigynes were examined and photographed after dissection. The
left palp was photographed and described (if missing, the right was used). Epigynes
were treated with lactic acid before being embedded in Hoyer’s Gum and placed on
an ultra-thin slide to take photos of both sides of the vulva. All measurements are
in millimetres. Leg measurements are given as follows: total length (femur, patella,
tibia, metatarsus and tarsus).

Tissue samples were taken from the prosoma of 17 individuals of Patu, Kirinua
S. Li & Lin, gen. nov. and Swilda S. Li & Lin, gen. nov., including five new and five
known species (the abdomens and male palps were kept as vouchers). All of the mo-
lecular data were obtained from specimens collected at the type localities, although not
from the type specimens themselves. A partial fragment (636 bp) of the mitochondrial
gene cytochrome ¢ oxidase subunit I (COI) was amplified and sequenced to calculate
the genetic distances between morphologically-similar species to confirm identifica-
tions and for sex pairing.

The primers used were: LCO1490 (5’-GGTCAACAAATCATCATAAAGA-
TATTGG-3’) and HCO2198 (5°-TAAACTTCAGGGTGACCAAAAAA TCA-3).
Raw sequences were edited and assembled using BioEdit v.7.2.5 (Hall 1999) and the
uncorrected pairwise distances between species were calculated using MEGA7.0.14
(Kumar et al. 2016). Results of the genetic distance analysis are shown in Appendix
Table Al.
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Morphological abbreviations used in the figures are given in Table 1. New sequenc-
es, generated for this study, are available from GenBank and the accession numbers are
reported in Table 2. References to figures in the cited papers are listed in lowercase (fig.
or figs) and figures in this paper are noted with an initial capital (Fig. or Figs). With
the exception of the types of previously-described species kept in HNU and IZCAS,
all molecular vouchers are deposited in NHMSU in Chengdu, China and examined
morphological material is deposited in NHMSU and IZCAS.

Table 1. List of abbreviations used in the text or figures.

Male palp Epigyne
AP apical process on tegulum Atr atrium
Co conductor CD  copulatory duct
Cy cymbium CO  copulatory opening
CA cymbial apophysis FD  fertilisation duct
CP1 proximal cymbial process Pl parmula
CP2 distal cymbial process S spermatheca
E embolus Sp scape
Fe femur Somatic characters
MA median apophysis ALE  anterior lateral eyes
Pa patella PLE  posterior lateral eyes
T tegulum PME posterior median eyes
Ti tibia PER  posterior eye row
TP tegular process TS male clasping spines on tibia II
Institutions
HNU College of Life Sciences, Hunan Normal University, Changsha, China
1ZCAS Institute of Zoology, Chinese Academy of Sciences, Beijing, China
NHMSU Natural History Museum of Sichuan University, Chengdu, China

Table 2. GenBank accession numbers for DNA sequence data from ten symphytognathid species.

Species Identifier ~ Sample COTI* Collection localities

Patu dakou sp. nov. HA135 134 MW970248 China, Yunnan, Longling County
HA135 19 MW970247

Patu jiangzhou sp. nov. HA012 19 MW970234 China, Guangxi, Fengshan County

Patu jidanweishi HAI119 18 MW970243 China, Yunnan, Fugong County
HA119 12 MW970242

Patu nagarat sp. nov. HA087 18 MW970240 Thailand, Khon Kaen Pro.
HA087 19 MW970239

Patu nigeri HA129 19 MW970246 China, Yunnan, Gongshan County

Patu xiaoxiao HA123 14 MW970245 China, Yunnan, Lushui County
HA123 19 MW970244

Kirinua maguai sp. nov. HA008 19 MW970250 China, Guangxi, Fengshan County

Kirinua yangshuo sp. nov. HAO018 13 juv. MW970236 China, Guangxi, Yangshuo County
HAO018 19 MW970235

Swilda longton HA112 13 MW970249 China, Yunnan, Fugong County
HA112 19 MW970241

Swilda spinathoraxi HA082 14 MW970238 China, Yunnan, Mengla County

HA082 19 MW970237
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Taxonomy
Family Symphytognathidae Hickman, 1931

Genus Patu Marples, 1951

Patu Marples, 1951: 47.
Patu Forster, 1959: 318.
Patu Forster & Platnick, 1977: 15.

Type species. Patu vitiensis Marples, 1951 by original designation, from Fiji.

Diagnosis. Patu can be distinguished from Anapistula Gertsch, 1941 by having
6 eyes vs. four or lacking and from Anapogonia Simon, 1905, tentatively placed in
Symphytognathidae (Platnick and Forster 1989: 76), by the chelicerae fused at the
mid-line vs. unfused. Paru differs from Globignatha Balogh & Loksa, 1968 and Sym-
phytognatha Hickman, 1931 by the chelicerae fused only at mid-line vs. almost fully
fused, see Lin 2019: fig. 1H. It differs from Curimagua Forster & Platnick, 1977 by
having 6 eyes in diads and the female lacking palps (Fig. 8A and C) vs. 6 eyes in triads
and female palps reduced to vestiges (Forster and Platnick 1977: figs 40 and 63). Patu
differs from Jardinis Simon, 1899 (1. martensi Brignoli, 1978 from Nepal and 7. mus-
sardi Brignoli, 1980 from India) by having clasping spines on tibia II on the male, but
lacking in the latter and from Crassignatha Wunderlich, 1995 and Swilda gen. nov. by
lacking a latero-posterior abdominal scutum in the male and the rod-shaped or oval
spermathecae (Figs 1C, 9F and 10G) vs. having an abdominal scutum and spherical
spermathecae (Figs 19A, 21A and 22E; Li, Lin and Li 2020: figs 16C and 22D). Patu
is similar to Kirinua gen. nov. by the absence of a latero-posterior abdominal scutum in
the male and the carapace surface lacking granular or spinous ornaments in both sexes,
but it can be distinguished by the male having sulci and pores on the clypeus, rather
than a pair of pocket-shaped pits in the latter and the male palpal cymbium lacks ac-
cessorial structures (e.g. primary conductor, cymbial process or apophysis); females can
be distinguished by having rod-shaped or oval spermathecae rather than spherical or
subspherical spermathecae in the latter.

Description. Tiny, total length 0.40-0.80. Carapace round in male, pear-shaped
in female dorsally, nearly triangular laterally (Figs 6A, 2D, 8A and 8D). Six eyes in
3 diads, ocular base black, AME absent, lateral eyes adjacent, cephalic part raised
(Figs 2C, 2F, 8C and 8F). Clypeus concave, with modified sulci and pores (fig. 69A-D
in Miller et al. 2009). Female lacking palps. Chelicerae fused at middle, with a single
tooth (fig. 69E and F in Miller et al. 2009). Labium wider than long, fused to sternum
(Figs 2B, 2E, 8B and 8E). Sternum heart shaped, truncated posteriorly. Male tibia II
with 1-2 clasping spines subdistally (Figs 1C, 2C, 6C and 8C). Abdomen globular
dorsally, subovoid laterally, without latero-posterior abdominal scutum (Figs 1C, 4C
and 8C). Spinnerets without annular plates. Colulus absent.
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Figure 1. Patu catba sp. nov. A male habitus, dorsal B male habitus, ventral € male habitus, lateral

D male palp, prolateral E male palp, retrolateral. Abbreviations: Co = conductor; Cy = cymbium; E = em-
bolus; Fe = femur; MA = median apophysis; Pa = patella; T = tegulum; Ti = tibia; TS = male clasping spines
on tibia II. Scale bars: 0.50 (A=C); 0.10 (D, E).

Male palp (Figs 4D, E, 8A and B): bulb nearly ovate, large, not less than - % size
of carapace. Cymbium membranous, translucent, wrapping around bulb prolaterally,
without modified teeth, processes or apophyses. Conductor usually absent (if present,
long, finger-like, starting at dorsal side of bulb, close to embolic base, see Figs 1D and
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Figure 2. Patu dakou sp. nov. A male habitus, dorsal B male habitus, ventral € male habitus, lateral
D female habitus, dorsal E female habitus, ventral F female habitus, lateral. Abbreviation: TS = male
clasping spines on tibia II. Scale bars: 0.50 (A-F).

4D). Tegulum cup shaped, with 1 or 2 protrusions (median apophysis and tegular pro-
cess) (Figs 1D, 7A and 9A). Embolus long, slender, tubular, coiling into at least 2 loops
within tegulum, distal part of embolus embedded inside bulb (Figs 3A, B, 14A and B)
or extends and twists at tip of bulb (Figs 1D, E, 4D, E, 7A, B, 9A and B).

Epigyne (Figs 7E, E 9E, E 14D and E): weakly sclerotised. Scape or parmula short,
tongue-shaped or long, finger-like. Spermathecae long, ovate or kidney-shaped, sepa-
rated by less than 2 lengths. Copulatory openings separated. Copulatory ducts mem-
branous or faintly sclerotised, usually partially or completely surround spermathecae
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(exceptions are P nigeri Lin & S. Li, 2009 and P gigi). Fertilisation ducts short, thin,
typically originate from the lateral or anterior side of spermathecae.

Composition. Patu catba sp. nov. (3), P dakou sp. nov. (3'9), P damtao sp. nov.
A, P digua Forster & Platnick, 1977 (39), P eberhardi Forster & Platnick, 1977
(39), P jiangzhou sp. nov. (?), P jidanweishi Miller, Griswold & Yin, 2009 (J'%),
P marplesi Forster, 1959 (3), P nagarat sp. nov. (3Q), P nigeri (39), L putao sp. nov.
(), P gigi Miller, Griswold & Yin, 2009 (3'Q), P saladito Forster & Platnick, 1977
(), P samoensis Marples, 1951 (3 Q), P silho Saaristo, 1996 (4'Q), P vitiensis Marples,
1951 (3'9), P woodwardi Forster, 1959 (3'Q) and P, xiaoxiao Miller, Griswold & Yin,
2009 (4'P). Li, Lin and Li (2020) have previously suggested that the other two Asian
species, P bispina Lin, Pham & S. Li, 2009 from Vietnam and P, kishidai Shinkai, 2009
from Japan, do not belong to this genus and should be transferred to Crassignatha.
Based on the above diagnosis of Patu, we formally propose two new combinations:
Crassignatha bispina comb. nov. and C. kishidai comb. nov.

Distribution. China (Guangxi, Hainan, and Yunnan), Colombia, Fiji, Myanmar,
New Guinea, Samoa, Seychelles, Thailand, Vietnam.

Remarks. Of the male Paru species described here, the embolus is either embedded
within the tegulum or not, the conductor is present or absent and the tegular process
is present or absent. The similarities of the palps are the nearly ovate bulb and the cym-
bium lacking any teeth, processes or apophyses. In the females, the epigyne and vulva
distinctly differ in the type, shape and size of posterior process of the epigyne (scape or
parmula) and in the texture, length and course of the copulatory ducts. The similarities
of the vulvae are the ovate or short, club-shaped spermathecae.

Patu catba S. Li & Lin, sp. nov.
http://zoobank.org/2CB7474E—ACD6—410C—8344—E507BDC06219
Figures 1, 23

Type material. Holotype & (IZCAS-Ar 41036) Viernam: Cat Ba National Park, Hai
Phong Province, in leaf litter of natural forest (20.80133°N, 107.00353°E; 116 m alt.),
23.1X.2007, D. Pham leg.

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

Diagnosis. This new species differs from other Pazu species with the exception of
P damtao sp. nov. by having a long, sclerotised conductor dorsally on the bulb (Figs
1D and 4D). It can be distinguished from P damtao sp. nov. by the blunt conductor
swollen basally, the shorter embolus forming no more than one loop and the presence
of a median apophysis (Fig. 1D and E) vs. a sharp conductor constricted basally, a
longer embolus forming more than one loop and the absence of a median apophysis
(Fig. 4D and E).

Description. Male (IZCAS-Ar 41036). Total length 0.56. Carapace 0.24 long,
0.28 wide, 0.32 high. Clypeus 0.14 high. Sternum 0.16 long, 0.16 wide. Abdomen
0.40 long, 0.36 wide, 0.40 high. Length of legs: 1 0.74 (0.20, 0.10, 0.16, 0.12, 0.16);



8 Ya Lietal. / ZooKeys 1072: 1-47 (2021)

11 0.66 (0.20, 0.10, 0.12, 0.10, 0.14); I11 0.50 (0.12, 0.08, 0.08, 0.08, 0.14); IV 0.56
(0.12, 0.10, 0.12, 0.10, 0.12).

Somatic characters (Fig. 1A-C). Colouration: carapace brown, nut brown at
margins, ocular base black, thoracic region reticulated medially. Chelicerae, endites
and labium dark brownish. Sternum nut brown. Legs brownish to dark yellow, except
femur I yellow. Abdomen brown and grey, with dense, light dots. Prosoma: carapace
wider than long, nearly pyriform. Eyes with ocular tubercles, PME > ALE > PLE,
ALE protruded, PER recurved. Sternum slightly swollen, smooth and glossy, sparsely
punctate. Legs: with 1 dorso-distal seta on each patella and 1 seta on each tibia sub-
proximally. Tibia II with 2 subdisto-ventral clasping spines. Opisthosoma: dorsally
rounded, laterally nearly ovoid. Spinnerets brown, darker at edges.

Palp (Fig. 1D and E): large, - 5 size of carapace. Femur slightly swollen, patella
~ Y5 length of tibia, tibia flat. Cymbium translucent, membranous, surrounds bulb
prolaterally, with a finger-like extension, with 2 distal, long setae. Bulb subovate. Tegu-
lum smooth. Median apophysis short, not extending beyond apex of bulb. Conductor
long, finger-like, sclerotised, basally swollen, distally blunt. Embolus ca. 2x length of
conductor, ribbon-like, middle portion embedded in tegulum, distal portion looped
at the apex of bulb.

Female. Unknown.

Distribution. Vietnam (Fig. 23).

Patu dakou S. Li & Lin, sp. nov.
http://zoobank.org/6F994EA1-BBCC-4226-9C71-1ECF912D901B
Figures 2, 3, 23

Type material. Holotype 5 (NHMSU Ar 132) and paratypes 24 79 (NHMSU Ar
133-141) CHINA: Yunnan Province, Longling County, Zhen’an Township, Bangbie
Village at stream at 6.8 km on $§317 Road, shaded embankments along stream, dusting
webs in understorey (24.81333°N, 98.83280°E; 1560 m alt.), 22.VII1.2018, Y. Lin
et al. leg; 18 (NHMSU-HA135) and 19 (NHMSU-HA135) used for sequencing,
GenBank: MW970248 and MW970247, same data as for preceding.

Etymology. Formed from the Chinese word (da kou), referring to the large copu-
latory opening of the epigyne (Fig. 3C and E); noun.

Diagnosis. The new species differs from other congeners with the exception of P
nigeri by the embolus completely encased in the tegulum, the knob-shaped parmula
and the proximal position of the copulatory ducts forming a pair of horn-like struc-
tures (Fig. 3A—F). The male of P dakou sp. nov. is similar to that of P nigeri, but it
can be distinguished by the more basal position of the embolus (Fig. 3A and B vs. fig.
4A and B in Lin and Li 2009). The female is similar to that of P nagarat sp. nov. in
the configuration of the vulva, but it differs by the nearly adjacent spermathecae, the
knob-shaped parmula and the fertilisation ducts originating from the anterior side of
the spermathecae vs. separated spermathecae, a triangular parmula and the fertilisation
ducts originating laterally on the spermathecae (Fig. 3D-F vs. Fig. 9D-F).
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Figure 3. Patu dakou sp. nov. A male palp, prolateral B male palp, retrolateral C epigyne, ventral

D epigyne, lateral E vulva, ventral F vulva, dorsal. Abbreviations: CD = copulatory ducts; CO = copula-
tory opening; Cy = cymbium; E = embolus; FD = fertilisation ducts; Fe = femur; MA = median apophysis;
Pa = patella; Pl = parmula; S = spermathecae; T = tegulum; Ti = tibia. Scale bars: 0.10 (A-F).
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Description. Male (NHMSU Ar 132). Total length 0.56. Carapace 0.28 long,
0.28 wide, 0.28 high. Clypeus 0.08 high. Sternum 0.20 long, 0.20 wide. Abdo-
men 0.36 long, 0.40 wide, 0.36 high. Length of legs: 1 0.80 (0.20, 0.06, 0.24, 0.12,
0.18); 11 0.64 (0.12, 0.06, 0.16, 0.14, 0.16); III 0.46 (0.12, 0.06, 0.10, 0.08, 0.10);
IV 0.58 (0.16, 0.10, 0.12, 0.08, 0.12).

Somatic characters (Fig. 2A-C). Colouration: carapace dark grey, darker on tho-
racic margin and centre. Chelicerae, endites and labium black. Sternum black. Legs light
brown, with black pigmentation. Abdomen charcoal grey, dorsally lighter than ventrally,
with irregular light spots. Prosoma: carapace as long as wide, dorsally rounded, laterally
conical. ALE protruded, PER straight. Chelicerae with an anterior small hump (Fig. 2B).
Labium semi-lunar. Sternum flat, smooth. Legs: Each patella with a long disto-dorsal
seta. Tibia II with 1 ventral clasping spine sub-distally. Opisthosoma: dorsally rounded,
laterally oval, covered with long, sparse, black setae. Spinnerets apically pale grey.

Palp (Fig. 3A and B): large, - %2 size of carapace. Femur equal to 1.5x width of
patella, patella short, ca. half of tibial length, tibia flat. Cymbial distal extension with
a few long setae. Bulb nearly ovoid, anteriorly flat. Tegulum broad, smooth. Embolus
originates retrolaterally, entirely encased in tegulum, coiled into ca. 3 loops. Sperm
duct convoluted throughout. Embolic tip looped at apex of bulb.

Female (NHMSU Ar 133). Total length 0.64. Carapace 0.28 long, 0.28 wide, 0.24
high. Clypeus 0.10 high. Sternum 0.20 long, 0.20 wide. Abdomen 0.48 long, 0.48 wide,
0.48 high. Length of legs: 1 0.68 (0.16, 0.10, 0.14, 0.12, 0.16); 11 0.60 (0.12, 0.10, 0.12,
0.12,0.14); 111 0.50 (0.12, 0.10, 0.08, 0.08, 0.12); IV 0.58 (0.18, 0.10, 0.08, 0.08, 0.14).

Somatic characters (Fig. 2D-F). Colouration: prosoma same as in male, opistho-
soma light, ventrally darker than dorsally, post-gaster region and area around spinner-
ets black. Prosoma: carapace round. Cephalic region lower than in male. PER slightly
procurved. Mouthparts and sternum as in male, except longer labium. Legs: as in male.
Opisthosoma: dorsally rounded, laterally ovate, covered with sparse, long, black setae.
Spinnerets dark grey.

Epigyne (Fig. 3C-F): internal structures faintly visible via cuticle. Parmula knob-
shaped, protruded, distally sclerotised. Copulatory opening large, oval. Copulatory
duct arising from the ventral base of parmula, its proximal part forming a pair of scler-
otised, broad, horn-like structures at both sides of spermathecae. Spermathecae shorter
than width of copulatory opening, claviform, nearly touching. Fertilisation ducts start
at the anterolateral margin of spermathecae and curve downwards to centre of vulva.

Distribution. China (Yunnan) (Fig. 23).

Patu damtao S. Li & Lin, sp. nov.
http://zoobank.org/8D9961F6-2B24-4233-8F45-77D043BFB1F7
Figures 4, 23

Type material. Holotype & (IZCAS-Ar 41037) Viernam: Dam Tao National Park
(21.47200°N, 105.63644°E; 1023 m alt.), 31.X.2012, H. Zhao and Z. Chen leg.
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Figure 4. Patu damtao sp. nov. A male habitus, dorsal B male habitus, ventral € male habitus, lateral

D male palp, prolateral E male left palp, retrolateral. Abbreviations: Co = conductor; Cy = cymbium;
E = embolus; Pa = patella; T = tegulum; Ti = tibia; TS = male clasping spines on tibia II. Scale bars: 0.50
(A-C); 0.10 (D, E).

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

Diagnosis. Patu damtao sp. nov. can be distinguished from other congeners, with
the exception of P catba sp. nov., by having a conductor and lacking a tegular process
(Fig. 4D). It is similar to 2 catba sp. nov. in the shape of the male palp, but it differs
by lacking a median apophysis, the embolus has more coils and is 4x the length of the
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conductor vs. having a median apophysis and an embolus with fewer coils that is ca.
2x the length of the conductor (Figs 4D and E vs. 1D and E).

Description. Male (IZCAS-Ar 41037). Total length 0.60. Carapace 0.24 long,
0.28 wide, 0.32 high. Clypeus 0.16 high. Sternum 0.20 long, 0.20 wide. Abdomen
0.40 long, 0.36 wide, 0.44 high. Length of legs: T 0.84 (0.24, 0.10, 0.18, 0.14, 0.18);
11 0.68 (0.20, 0.10, 0.12, 0.10, 0.16); 111 0.52 (0.12, 0.08, 0.10, 0.10, 0.12); IV 0.64
(0.16, 0.10, 0.14, 0.10, 0.14).

Somatic characters (Fig. 4A—C). Colouration: carapace dark, darker in thoracic
centre, clypeus light grey. Chelicerae, endites and labium dark. Sternum black. Legs
dim yellow, with black pigmentation, tibia darkest. Abdomen charcoal grey, dorsally
lighter, covered with light dots. Prosoma: carapace wider than long, laterally trian-
gular. Eyes with ocular mound, PME > ALE > PLE, ALE protruded, PER recurved.
Chelicerae anteriorly plump. Labium semi-lunar. Sternum smooth, slightly plump.
Legs: densely covered with bristles on tibia, metatarsi and tarsi. Patella with 1 seta
disto-dorsally. Tibia with 1 subproximal seta dorsally. Tibia II with 2 adnate clasping
spines. Opisthosoma: dorsally globular, laterally ovoid. Spinnerets darkish.

Palp (Fig. 4D and E): relatively large, ~ V% size of carapace. Patella short, about half
of tibial length. Tibia flat and lamellar. Cymbium translucent, surrounding the bulb
prolaterally. Bulb elongate ovoid. Tegulum smooth, cup-shaped, apically truncated.
Conductor strongly sclerotised, long, spatulate, - % length of embolus, protruded
from dorsal base of tegulum, basally narrow and distally sharp. Embolus long, ca. 4x
length of conductor, ribbon shaped, protruded below the conductor, coiled into ~ 1%
loops at the apex of tegulum.

Female. Unknown.

Distribution. Vietnam (Fig. 23).

Patu jiangzhou S. Li & Lin, sp. nov.
http://zoobank.org/7EB5BAB4-6C46-48F3-8B55-CBAOB67850F9
Figures 5, 23

Type material. Holotype @ (IZCAS-Ar 41038) CHINA: Guangxi Zhuang Autono-
mous Region, Hechi City, Fengshan County, Jiangzhou Township, underground gal-
lery (a limestone cave) (24.33144°N, 106.98716°E; 449 m alt.), 25.111.2015, Y. Li and
Z. Chen leg.; 19 (NHMSU-HAO12) used for sequencing, GenBank: MW970234,
same data as preceding.

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

Diagnosis. This new species is similar to P putao sp. nov. and P woodward;i in the
configuration of the vulva, but it differs by the smaller spermathecae that are separated
by their width, the shorter copulatory ducts and the larger, trumpet-shaped copulatory
openings (Fig. 5D and F-G) vs. the larger, adjacent spermathecae, the longer copula-
tory ducts and the smaller, circular copulatory openings (cf. Fig. 11D and F-G and
fig. 123 in Forster 1959).
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Figure 5. Patu jiangzhou sp. nov. A female habitus, dorsal B female habitus, ventral € female habitus,
lateral D epigyne, ventral E epigyne, lateral F vulva, ventral G vulva, dorsal. Abbreviations: CD = copula-
tory ducts; CO = copulatory opening; FD = fertilisation ducts; Pl = parmula; S = spermathecae. Scale bars:
0.50 (A=C); 0.10 (D-G).
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Description. Female (IZCAS-Ar 41038). Total length 0.60. Carapace 0.24 long,
0.24 wide, 0.24 high. Clypeus 0.10 high. Sternum 0.16 long, 0.16 wide. Abdomen
0.44 long, 0.44 wide, 0.44 high. Length of legs: 1 0.80 (0.24, 0.12, 0.16, 0.12, 0.16);
110.74 (0.22, 0.12, 0.14, 0.10, 0.16); I11 0.60 (0.14, 0.10, 0.12, 0.10, 0.14); IV 0.76
(0.22, 0.10, 0.16, 0.12, 0.16).

Somatic characters (Fig. 5A—C). Colouration: carapace yellow. Mouthparts light
brown. Sternum pale yellow. Legs light brown, tibia, metatarsi and tarsi dark grey.
Abdomen pale. Spinnerets light brown. Prosoma: carapace smooth, as long as wide
and high, dorsally pear-shaped. Cephalic part moderately raised. ALE > PME > PLE.
PER straight, lateral eyes adjacent, PME contiguous. Chelicerae stubby, with sparse,
short setae anteriorly. Endites nearly quadrilateral. Labium rectangular, wider than
long. Sternum faintly plump, smooth, with sparse setae. Legs: 1 long disto-dorsal seta
on all patella; tibia I and II with 3 dorsal setae and 1 on tibia III and IV; dense, thin
setae on tibia, metatarsi and tarsi. Opisthosoma: almost globose, cuticle modified by
sparse, long setae and faintly ossified dots. Spinnerets brown, anterior spinnerets more
fuscous than posterior spinnerets.

Epigyne (Fig. 5D-G): distinctly sclerotised, internal structures faintly visible via
the cuticle. Parmula tongue-shaped, wider than long, slightly protruded. Copulatory
openings trumpet-shaped, located at basal side of parmula bilaterally. Spermathecae
small, ovoid, separated by ca. 1.5x their diameter. Copulatory ducts long, twisted
four times before connecting with the anterior margin of spermathecae. Fertilisation
ducts shorter and thinner than copulatory ducts, originate at posterolateral margin
of spermathecae, slightly bent and extended downwards, parallel to proximal part of
copulatory ducts.

Male. Unknown.

Distribution. China (Guangxi) (Fig. 23).

Patu jidanweishi Miller, Griswold & Yin, 2009
Figures 6, 7, 23

Patu jidanweishi Miller, Griswold & Yin, 2009: 64, figs 65A-E, 66A, B, 67A-D, 68A—
E, 69A—F, 70A—F and 71A-F (2Q).

Type materials examined. Holotype & (CASENT 9029293, HNU) and paratypes
19 (CASENT 9022328, HNU) CHNA: Yunnan Province, Lushui County, Pianma
Township, Changyanhe, 9.3 km ESE Pianma, mixed broadleaf deciduous and ever-
green forest, Winkler extraction of sifted leaf litter (25.99363°N, 98.66651°E; 2470
m alt.), 12.V.2005, C. Griswold, D. Kavanaugh and K. Guo leg.; 1d 19 (CASENT
9019863, HNU): Yunnan Province, Gaoligongshan, 0.4 km SSE Shibali forest station,
dusting webs in understorey of good forest (27.16337°N, 98.78208°E; 2475 m alt.),
5.V.2004, C. Griswold leg.; 14 19 (CASENT 9020650, HNU), 18 19 (CASENT
9019876, HNU), 14 29 1 juv. (CASENT 9024143, HNU): Yunnan Province, Gaol-
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Figure 6. Patu jidanweishi A male habitus, dorsal B male habitus, ventral € male habitus, lateral
D female habitus, dorsal E female habitus, ventral F female habitus, lateral. Abbreviation: TS = male
clasping spines on tibia II. Scale bars: 0.50 (A-F).

igongshan, 0.5 km radius of Shibali forest station, dusting webs in forest (27.16519°N,
98.77891°E; 2525 m alt.), 1-9.V.2004, C. Griswold leg.; 24 19 (CASENT 9020351,
HNU): Yunnan Province, Gaoligongshan, Shibali forest station, good forest, pitfall
traps (27.16636°N, 98.77667°E; 2563 m alt.), 3-11.V.2004, C. Griswold and D. Ka-
vanaugh leg.; 43 49 (CASENT 9000375, HNU), 149 (CASENT 9000373, HNU),
28 109 1 juv. (CASENT 9000371, HNU), 19 (CASENT 9000369, HNU), 19
(CASENT 9023115, HNU): Yunnan Province, Gaoligongshan, Nujiang Prefecture,
Nujiang State Nature Reserve, Qiqihe, 9.9 km W of Gongshan (27.715°N, 98.565°E;
2000 m alt.), 9-14.VI1.2000, H. Yan et al. leg.
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Figure 7. Patu jidanweishi A male palp, prolateral B male palp, retrolateral € epigyne, ventral D epi-
gyne, lateral E vulva, ventral F vulva, dorsal. Abbreviations: CD = copulatory ducts; Cy = cymbium;
E = embolus; FD = fertilisation ducts; Fe = femur; Pa = patella; S = spermathecae; Sp = scape; T = tegulum;

Ti = tibia; TP = tegular process. Scale bars: 0.10 (A=F).



Patu (Araneae, Symphytognathidae) of Asia 17

Other material examined. 53 609 (NHMSU-HA119) CHiNA: Yunnan Prov-
ince, Lushui County, Pianma Township, Changyanhe River, 9.3 km ESE Pianma,
mixed broadleaf deciduous and evergreen forest (25.99363°N, 98.66651°E; 2470 m
alt.), 10.VII1.2018, Y. Lin et al. leg; 14 (NHMSU-HA119) and 19 (NHMSU-
HA119) used for sequencing, GenBank: MW970243 and MW970242, same data as
for preceding; 83 349 (NHMSU-HA120) CHiNa: Yunnan Province, Nujiang Pre-
fecture, Gaoligong Mt. Nature Reserve, Qiqihe (27.71500°N, 98.56500°E; 2000 m
alt.),17.VII1.2018, Y. Lin et al. leg.; 143 869 (NHMSU-HA121) CHINA: Yunnan
Province, Fugong County, along the road from Shiyueliang Town to Shibali Village,
native forest of mountainside (27.15546°N, 98.80573°E; 2193 m alt.), 19.VII1.2018,
Y. Lin et al. leg.

Diagnosis. This species differs from other congeners, except for P nagarat sp. nov.,
by lacking a median apophysis and a conductor and having a tegular process and a long
scape (Fig. 7A, B and F). It is similar to P nagarat in the shape of the bulb and the con-
figuration of the vulva, but it can be distinguished by the lack of a median apophysis,
a tegular process that is shaped like the head of a sparrow (Fig. 7B) and by the rugose,
finger-like scape and the more widely separated spermathecae (Fig. 7A—F) vs. having a
median apophysis and a pyramidal tegular process, a broader, triangular parmula and
spermathecae are closer (Fig. 9A-F).

Description. See Figs 6A—F and 7A—F and Miller et al. (2009).

Distribution. China (Yunnan) (Fig. 23).

Patu nagarat S. Li & Lin, sp. nov.
http://zoobank.org/91389FD1-6FEA-4E6D-A256-08765F7EA895
Figures 8, 9, 23

Type material. Holotype & (IZCAS-Ar 41039) and paratypes 59 (IZCAS-Ar
41040-41044) THaLAND: Khon Kaen Province, Chum Phae District, Nanoog Toom
Subdistrict, Nagarat Cave (16.81402°N, 101.95663°E; 531 m alt.), 30.1X.2016, H.
Zhao et al. leg;; 14 39 (NHMSU-HAO087), same data as holotype; 14 (NHMSU-
HAO087) and 19 (NHMSU-HAO087) used for sequencing, GenBank: MW970240 and
MW970239, same data as for preceding.

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

Diagnosis. The male of P nagarat sp. nov. can be distinguished from that of other
congeners by having a bifurcate, sclerotised median apophysis and a pyramidal tegular
process and lacking a conductor (Fig. 9A and B) vs. lacking a median apophysis (or if
present, it is not furcate) and/or having a conductor (Figs 1D, 4D, 7A and 14A). The
female is similar to that of P jidanweishi in the configuration of the vulva, but it differs
by having a triangular parmula and the spermathecae are closer together, rather than a
finger-like scape and more widely separated spermathecae (cf. Figs 9C-F and 7C-F).

Description. Male (IZCAS-Ar 41039). Total length 0.60. Carapace 0.24 long,
0.28 wide, 0.32 high. Clypeus 0.14 high. Sternum 0.20 long, 0.20 wide. Abdomen
0.44 long, 0.44 wide, 0.48 high. Length of legs: 1 1.06 (0.32, 0.12, 0.22, 0.16, 0.24);
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Figure 8. Patu nagarat sp. nov. A male habitus, dorsal B male habitus, ventral € male habitus, lateral D
female habitus, dorsal E female habitus, ventral F female habitus, lateral. Abbreviation: TS = male clasping
spines on tibia II. Scale bars: 0.50 (A-F).

110.92 (0.26, 0.12, 0.18, 0.14, 0.22); I11 0.70 (0.22, 0.10, 0.12, 0.12, 0.14); IV 0.80
(0.26, 0.10, 0.16, 0.12, 0.16).

Somatic characters (Fig. 8A—C). Colouration: body pale yellow, opisthosoma
darker than prosoma, slightly grey on abdominal ventre and posterior. Leg colour a
gradient, pale from femora and patella, darkening distally to dark greyish. Prosoma:
carapace wider than long, dorsally oval. Eyes subequal in size. ALE protruded, PER
straight, PME separated by - %5 their diameter. Cephalic part with 2 setae apically,
vertical anteriorly, sloped posteriorly. Chelicerae anterior surface flac. Labium semi-
circular. Sternum slightly plump, smooth, with a few setae. Legs: patella with 1 long
disto-dorsal seta, tibia with 1 proximal and 1 mesal long dorsal seta. Tibia II with 2
ventral clasping spines subdistally, 1 thick and 1 thin (Fig. 8C). Opisthosoma: globular
cuticle with sparse, long, black setae. Spinnerets grey.

Palp (Fig. 9A and B): relatively large, - 2 of carapace size. Femur swollen, nearly
as wide as long. Patella short, narrower than femur. Tibia flat and lamellar, length
equal to - 2x patella. Cymbium wrapping around bulb prolaterally and ventrally, its
distal extension forming triangular lamina, with 2 long setae distally. Tegulum broad,
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Figure 9. Patu nagarat sp. nov. A male palp, prolateral B male palp, retrolateral C epigyne, ventral
D epigyne, lateral E vulva, ventral F vulva, dorsal. Abbreviations: CD = copulatory ducts; CO = cop-

ulatory opening; Cy = cymbium; E = embolus; FD = fertilisation ducts; Fe = femur; MA = median
apophysis; Pa = patella; Pl = parmula; S = spermathecae; T = tegulum; Ti = tibia; TP = tegular process.
Scale bars: 0.10 (A=F).
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rugose, with pyramidal process. Median apophysis strongly sclerotised, bifurcate dis-
tally. Sperm duct thin, faintly visible. Embolus long, slender, with a circuitous course
in basal haematodocha and tegulum. Embolus filiform, protrudes from under cymbial
extension, snaking to apex of tegulum.

Female (IZCAS-Ar 41040). Total length 0.64. Carapace 0.32 long, 0.28 wide,
0.28 high. Clypeus 0.10 high. Sternum 0.20 long, 0.20 wide. Abdomen 0.44 long,
0.44 wide, 0.44 high. Length of legs: I 0.90 (0.28, 0.12, 0.18, 0.14, 0.18); II 0.86
(0.26, 0.12, 0.16, 0.12, 0.20); III 0.66 (0.18, 0.10, 0.10, 0.10, 0.18); IV 0.82 (0.28,
0.12, 0.14, 0.10, 0.18).

Somatic characters (Fig. 8D-F). Colouration: same as in male. Prosoma: cara-
pace ovate dorsally. Ocular area slightly more anterior than in male. Cephalic part
slightly lower than in male. Legs: colour of tibia, metatarsi and tarsi darker than in
male. Opisthosoma: same as in male.

Epigyne (Fig. 9C-F): weakly sclerotised, with a few setae medially, internal struc-
tures of vulva faintly visible via the cuticle. Parmula large, triangular, protruded ven-
trally. Copulatory openings located on the bilateral corners of parmula base. Sper-
mathecae oval, distally tilted slightly downwards. Copulatory ducts mostly membra-
nous and rugose. Proximal portion of copulatory ducts weakly sclerotised, originating
at ventrolateral corners of parmula base, distal portion connected to the posterolateral
margin of spermathecae. Fertilisation ducts short, starting at the anterolateral margin
of spermathecae.

Distribution. Thailand (Fig. 23).

Patu nigeri Lin & S. Li, 2009
Figures 10, 23

Patu nigeri Lin & Li, 2009: 50, figs 3A, B, 4A, B, 5A-F, 6A and B (39).

Type material. Holotype & (IZCAS) and paratypes 23 69 (IZCAS) CHiNaA: Yunnan
Province, Mengla County, Menglun Town, Xishuangbanna Tropical Botanical Garden
(21.91667°N, 101.26667°E; 556 m alt.), 19-26.111.2007, G. Zheng leg.

Other material examined. 19 (NHMSU-HA058) CHINA: Yunnan Province,
Mengla County, Menglun Town, Xishuangbanna Tropical Botanic Garden, Rubber-
Tea plantation (21.92585°N, 101.28205°E; 561 m alt.), 10-20.V1.2007, G. Zheng
leg.; 19 (NHMSU-HA129) CHINA: Yunnan Province, Gongshan County, Dulongji-
ang Township, Langwanduo Village, mid-mountain forest (27.70345°N, 98.35133°E;
1473 malt.), 15.VII1.2018, Y. Lin et al. leg.; 19 (NHMSU-HA129) used for sequenc-
ing, GenBank: MW970246, same data as preceding.

Diagnosis. The male of P nigeri differs from that of other congeners, except P dakou
sp. nov., P silho, and P xiaoxiao, by lacking an exposed embolus (fig. 4A and B in Lin
and Li 2009), a median apophysis and a tegular process. The male differs from 2 dakou
sp. nov. by the smaller tegulum (- % size of that of P dakou sp. nov.) (Fig. 3A vs. fig. 4A
in Lin and Li 2009), from P silho by the elongate oval palpal bulb (short oval in 2 silho)
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Figure 10. Patu nigeri A female habitus, dorsal B female habitus, ventral € female habitus, lateral

D epigyne, ventral E epigyne, lateral F vulva, ventral G vulva, dorsal. Abbreviations: CD = copula-
tory ducts; CO = copulatory opening; FD = fertilisation ducts; Pl = parmula; S = spermathecae.
Scale bars: 0.50 (A=C); 0.10 (D=G).
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(fig. 4A and B in Lin and Li 2009 vs. fig. 5A and B in Saaristo, 1996) and differs from
P xiaoxiao by the absence of a tegular process (finger-like tegular process in P xiaoxiao)
(fig. 4A and B in Lin and Li 2009 vs. Fig. 14A and B). The female of P nigeri is similar
to that of P putao sp. nov. by the shape of the epigyne (Figs 10D, E, 11D and E) and
to P qiqi in the configuration of the vulva (Figs 10G and 12G), but it can be easily dis-
tinguished from P putao sp. nov. by the short and straight copulatory ducts, rather than
long and twisted as in P putao sp. nov. (cf. Figs 10F~G and 11F-G) and from P gigi by
the tongue-shaped parmula that does not obscure the copulatory openings, rather than
an indistinct scape that hides the copulatory openings (cf. Figs 10G and 12G).

Description. See Fig. 10A-G and Lin and Li (2009).

Distribution. China (Yunnan) (Fig. 23).

Patu putao S. Li & Lin, sp. nov.
http://zoobank.org/3FE3C44A-F22B-4189-A2CC-3D5E4B48B47D
Figures 11, 23

Type material. Holotype @ (IZCAS-Ar 41045) Myanmar: Kachin State, Putao,
Hponkanrazi Wildlife Sanctuary, near Camp 3, (27.61352°N, 96.98333°E; 2691 m
alt.), 11.V.2017, J. Wu and Z. Chen leg.

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

Diagnosis. This new species is similar to P jiangzhou sp. nov. and P nigeri in the
shape of the epigyne, the tongue-shaped parmula and the exposed copulatory open-
ings, but it differs from P jiangzhou sp. nov. by the rounded copulatory openings, the
longer copulatory ducts and the larger, reniform spermathecae, rather than trumpet-
shaped copulatory openings, shorter copulatory ducts and smaller, oval spermathecae
(cf. Figs 11D and F-G vs. 5D and F-G) and from P nigeri by the longer, twisted
copulatory ducts that wrap around the spermathecae, rather than the shorter, straight
copulatory ducts that do not wrap around the spermathecae (cf. Figs 11G and 10G).

Description. Female (IZCAS-Ar 41045). Total length 0.68. Cara-
pace 0.28 long, 0.28 wide, 0.28 high. Clypeus 0.10 high. Sternum 0.20 long,
0.20 wide. Abdomen 0.52 long, 0.56 wide, 0.56 high. Length of legs: 1 0.76
(0.24, 0.08, 0.16, 0.12, 0.16); 1I 0.68 (0.20, 0.10, 0.12, 0.12, 0.14); III 0.60
(0.18, 0.08, 0.10, 0.12, 0.12); IV 0.74 (0.22, 0.10, 0.16, 0.12, 0.14).

Somatic characters (Fig. 11A-C). Colouration: carapace centrally yellow, mar-
ginally pale brown. Chelicerae brown, endites and labium dark brownish. Sternum
centrally yellow, brown at margins. Femora and patella brown-yellow, other segments
dark brown. Abdomen light yellow, dark pigmentation around spinnerets and posteri-
or. Prosoma: carapace as long as wide, dorsally pear shaped. ALE > PME > PLE. PME
contiguous, PER straight. Chelicerae anterior surface flat, densely covered with short
setae. Endites rectangular. Labium subtriangular. Sternum plump, surface smooth,
with sparse setae. Legs: all patellae with 1 dorsal seta, tibia I and II with 2 dorsal setae,
1 on tibia IIl and IV. Metatarsi and tarsi densely covered with fine setae. Opisthosoma:
subrounded dorsally, postgaster area with short setae. Spinnerets dark.
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Figure 1. Patu putao sp. nov. A female habitus, dorsal B female habitus, ventral C female habitus,
lateral D epigyne, ventral E epigyne, lateral F vulva, ventral G vulva, dorsal. Abbreviations: CD =
copulatory ducts; CO = copulatory opening; FD = fertilisation ducts; Pl = parmula; S = spermathecae.
Scale bars: 0.50 (A-C); 0.10 (D-G).
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Epigyne (Fig. 11D-GQ): faintly sclerotised, internal structures faintly visible via the
cuticle. Parmula tongue-shaped, protruded, bilateral basal corners concave. Copulatory
openings round. Spermathecae kidney shaped, separated by ca. 2 — V5 their width.
Copulatory ducts long, with a complex course, twisting around the spermathecae nearly
4 times. Fertilisation ducts short, starting at posterolateral margins of spermathecae.

Male. Unknown.

Distribution. Myanmar (Fig. 23).

Patu qiqi Miller, Griswold & Yin, 2009
Figures 12, 23

Patu giqi Miller, Griswold & Yin, 2009: 66, figs 65F-H, 67E, F, 73A and B (4 Q).

Type material. Holotype @ (CASENT 9029328, HNU) and paratypes 59, 2 juv.
(CASENT 9029327, HNU) CHINA: Yunnan Province, Gaoligongshan, Nujiang Pre-
fecture, Nujiang State Nature Reserve, Qigihe, 9.9 air km W of Gongshan (27.715°N,
98.565°E; 2000 m alt.), 9-14.VI1.2000, H. Yan et al. leg.

Other material examined. 29 (NHMSU-HA122) CHNA: Yunnan Province, Gong-
shan County, at 54 km of from Gongshan County to Dulongjiang Town, in primary
forest, leaf litter (27.87840°N, 98.42274°E; 2525 m alt.), 13.VIIL.2018, Y. Lin et al. leg.

Diagnosis. The male differs from other Pazu species, with the exception of 2 nigeri,
P silho and P xiaoxiao, by the palp with an unexposed embolus (fig. 73A and B in Mill-
er et al. 2009). It differs by having a hooked median apophysis vs. lacking in P nigeri
and P silho (cf. fig. 73A in Miller et al. 2009 and fig. 4A and B in Lin and Li 2009 and
fig. 5A and B in Saaristo 1996) and it differs from P xiaoxiao by lacking a tegular pro-
cess (cf. fig. 73A in Miller et al. 2009 and Fig. 14A). The female is most similar to that
of P nigeri in the shape of the epigyne and the configuration of the vulva, but it can be
easily distinguished by the indistinct scape and the hidden copulatory openings vs. a
tongue-shaped parmula and exposed copulatory openings (cf. Figs 12F-G vs. 10F-G).

Description. See Fig. 12A-G and Miller et al. (2009).

Distribution. China (Yunnan) (Fig. 23).

Patu xiaoxiao Miller, Griswold & Yin, 2009
Figures 13, 14, 23

Patu xiaoxiao Miller, Griswold & Yin, 2009: 67, fig. 67G and H (?).

Type material. Holotype © (CASENT 9022329, HNU) and paratypes 19 (CASENT
9029325, HNU) CHiNA: Yunnan Province, Lushui County, Pianma Township,
Changyanhe River, 9.3 km of ESE Pianma, mixed broadleaf deciduous and evergreen
forest, Winkler extraction of sifted leaf litter (25.99363°N, 98.66651°E; 2470 m alt.),
12.V.2005, C. Griswold leg.
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Figure 12. Patu giqi A female habitus, dorsal B female habitus, ventral € female habitus, lateral
D epigyne, ventral E epigyne, lateral F vulva, ventral G vulva, dorsal. Abbreviations: CD = copulatory
ducts; FD = fertilisation ducts; S = spermathecae; Sp = scape. Scale bars: 0.50 (A=C); 0.10 (D-G).
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Figure 13. Patu xiaoxiao A male habitus, dorsal B male habitus, ventral € male habitus, lateral D female
habitus, dorsal E female habitus, ventral F female habitus, lateral. Abbreviation: TS = male clasping spines
on tibia II. Scale bars: 0.50 (A=F).

Other material examined. 14 19 (NHMSU-HA123) CHiNA: Yunnan Province,
Lushui County, Pianma Township, Changyanhe River, 9.3 km of ESE Pianma, mixed
broadleaf deciduous and evergreen forest, in leaf litter (25.99363°N, 98.66651°E;
2470 m alt.), 10.VII1.2018, Y. Lin et al. leg.; 18 (NHMSU-HA123) and 19 (NHM-
SU-HA123) used for sequencing, GenBank: MW970245 and MW970244, same data
as preceding; 29 (NHMSU-HA124), Fugong County, Shiyueliang Town, along the
road from Shiyueliang to Shibali Village, primary forest (27.15546°N, 98.80573°E;
2193 m alt.), 19.VII1.2018, Y. Lin et al. leg.

Diagnosis. The male of P xiaoxiao can be distinguished from other congeners,
with the exception of P woodwardi, by the stout bulb lacking a conductor or me-
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Figure 14. Patu xiaoxiao A male palp, prolateral B male palp, retrolateral € epigyne, ventral D vulva,

ventral E vulva, dorsal. Abbreviations: CD = copulatory ducts; Co = conductor; CO = copulatory open-
ing; E = embolus; FD = fertilisation ducts; Fe = femur; MA = median apophysis; Pa = patella; Pl = par-
mula; S = spermathecae; T = tegulum; Ti = tibia; TP = tegular process. Scale bars: 0.10 (A-E).
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dian apophysis and having a finger-like tegular process (Fig. 14A and B). It differs
from P woodwardi by having the entire embolus completely embedded in the bulb
(cf. Fig. 14A and B and fig. 120 in Forster 1959). Females of P xiaoxiao differs from
those of other congeners by having a wide, triangular parmula, dumb-bell-shaped sper-
mathecae separated by - 1.5x their width and arranged longitudinally in parallel, the
copulatory ducts coiling into a loop and connecting to the postero-lateral corner of the
spermathecae, the fertilisation ducts begin latero-medially on the spermathecae (Fig.
14C—E).

New morphological data. Male NHMSU-HA123). Total length 0.56. Carapace
0.28 long, 0.28 wide, 0.28 high. Clypeus 0.12 high. Sternum 0.20 long, 0.20 wide.
Abdomen 0.36 long, 0.36 wide, 0.44 high. Length of legs: 1 0.80 (0.20, 0.10, 0.20,
0.12, 0.18); 11 0.72 (0.20, 0.10, 0.14, 0.12, 0.16); III 0.58 (0.14, 0.08, 0.14, 0.10,
0.12); IV 0.66 (0.18, 0.10, 0.14, 0.12, 0.12).

Somatic characters (Fig. 13A—C). Colouration: carapace light brown, thoracic cen-
tre and margin with darker patches. Mouthparts nut brown, endites and labium black.
Sternum black, with a few light, small dots. Leg colour light yellow gradually grading to
very dark brown, tibia darkest brown. Abdomen dorsally light grey, laterally dark grey-
ish, ventrally and posteriorly charcoal black. Prosoma: carapace as long as wide, nearly
round. Cephalic part vertical anteriorly and sloped posteriorly. Eyes, subequal in size.
PER slightly recurved, ALE protruded. Chelicerae anterior surface flat. Labium semi-
circular, wider than long. Sternum smooth, slightly plump. Legs: each patella with 1
disto-dorsal seta, 1 proximal and 1 disto-dorsal seta on each tibia. Tibia II with 2 ventral
clasping spines. Opisthosoma: dorsally globose, laterally ovoid, clothed with black, long
setae, cuticle rough with dots of varying shades and sizes. Spinnerets dark brown.

Palp (Fig. 14A and B): size ~% of carapace. Femur swollen, wider than patella,
patella as long as -~ V2 length of tibia. Tibia flat and lamellar. Tegulum smooth, with
finger-like apical process. Embolus long, starting at retrolatero-medial part of tegulum,
coiled into 2 loops inside bulb. Tip of embolus hidden within tegulum, not extended
from top of bulb.

Female. Total length 0.56. Carapace 0.28 long, 0.28 wide, 0.24 high. Clypeus
0.08 high. Sternum 0.20 long, 0.20 wide. Abdomen 0.36 long, 0.32 wide, 0.40 high.
Length of legs: 1 0.70 (0.20, 0.06, 0.16, 0.14, 0.14); I1 0.62 (0.14, 0.08, 0.14, 0.12,
0.14); 111 0.52 (0.12, 0.06, 0.12, 0.08, 0.14); IV 0.60 (0.12, 0.08, 0.16, 0.10, 0.14).

Somatic characters (Fig. 13D-F). Colouration: as in male, except lighter mouth-
parts and sternum. Prosoma: carapace longer than wide, pear-shaped. Eye arrange-
ment as in male. PER straight. Cephalic part lower than in male. Legs: spination as in
male, except for lack of clasping spines on tibia II. Opisthosoma: subovoid in dorsal
view, cuticle. Spinnerets dark grey.

Epigyne (Fig. 14C-E): faintly sclerotised, internal structures nearly invisible via
the cuticle. Parmula triangular, length equal to ca. ¥ width, slightly protruded. Sper-
mathecae nearly dumb-bell-shaped, longitudinally parallel, separated by ~ 1.5x their
width. Copulatory openings large. Copulatory ducts translucent, their width equal
to ca. 2.5x width of fertilisation ducts and folded at middle, distal part connected
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with postero-lateral part of spermathecae. Fertilisation duct shorter than a spermatheca
length, narrow, originates from the lateral central position of spermathecae.
Distribution. China (Yunnan) (Fig. 23).
Remarks. Paru xiaoxiao was described, based on three females. Based on supple-
mentary materials from the type locality collected in 2018, the male is described for
the first time here.

Genus Kirinua S. Li & Lin, gen. nov.

http://zoobank.org/5SFD94CCF-CB91-485B-A2BF-6FABEDF07B53

Type species. Kirinua maguai sp. nov., from Guangxi, China.

Etymology. The generic name is derived from Kirin, one of the most powerful
creatures ever known in East Asia. The gender is masculine.

Diagnosis. Kirinua gen. nov. can be distinguished from Globignatha and Symphy-
tognatha by the chelicerae, which are fused only near the base (Figs 151 and 171) vs.
entirely fused (Balogh and Loksa 1968: fig. 10; Lin 2019: fig. 1H) and from Anapistula
by having 6 eyes vs. 4 (except A. boneti Forster, 1958 with 6 eyes). It can be distin-
guished from Anapogonia, Curimagua and lardinis by 6 eyes in three diads vs. 6 eyes in
two triads and from Crassignatha and Swilda gen. nov. by lacking an abdominal scu-
tum in males and a mostly smooth carapace in both sexes (Figs 15A-H and 17A-H)
vs. abdominal scutum usually present in the male and carapace generally covered with
tubercles or tiny thorn-like protrusions (Figs 19A, D, 21A and D; Li et al. 2020: fig.
1A-F; Rivera-Quiroz et al. 2021: figs 10b and 11b). Kirinua gen. nov. is similar to
Patu in having 1-2 disto-ventral clasping spines on male tibia II, lacking an abdominal
scutum latero-posteriorly in the male and the generally smooth carapace in both sexes
(Figs 15A-H and 17A-H), but it can be distinguished by the male palp having cym-
bial structures (e.g. primary apophysis, process) and the female having nearly spherical
spermathecae (Figs 16A, G, 18A and F) vs. male palp lacking cymbial structures and
female with rod-shaped or oval spermathecae (Figs 3A, B, E, 9A, B and F).

Description. Tiny, total length 0.60-0.80. Carapace rounded or pear-shaped dor-
sally, nearly triangular laterally (Figs 15A, 15D, 17A and 17D). Six eyes in 3 diads,
cephalic part raised (Figs 15A, 15D, 17A and 17D). Clypeus concave, with pair of
inverted, weakly sclerotised grooves in male (Figs 15G, H, 17G and H). Female lack-
ing palps. Chelicerae fused at middle, with 2 adnate teeth (Figs 151 and 171). Labium
wider than long, fused to sternum, anterior margin with shallow notch in the middle
(Figs 15B, E, 17B and E). Sternum heart-shaped, slightly plump, truncated posteri-
orly. Male tibia II with 2 subdistal ventral clasping spines (Figs 15C and 17C). Abdo-
men round in dorsal view, subovoid in lateral view, without posterior lobes or tubercles
(Figs 15C, F, 17C and F). Anterior spinnerets larger than posteriors, median spinnerets
hardly visible. Colulus absent.

Male palp (Figs 16A—C, 18A and B): relatively large, - V% size of carapace. Cym-
bium distinctly sclerotised, with 2 processes and a primary cymbial apophysis. Median
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apophysis present, finger-like, nearly as long as cymbial apophysis. Tegulum with a tri-
angular apical process. Embolus short, stout, strongly sclerotised, tip furcate or blunt.

Epigyne (Figs 16D-G and 18C-F): distinctly sclerotised. Scape present, incon-
spicuous, inflexible. Spermathecae globose, separated by at least 2 diameters. Copula-
tory ducts long, proximally fused, expanded into a broad atrium, distally curved or
coiled between spermathecae. Fertilisation ducts short, thin. Inlet of copulatory duct
and outlet of fertilisation duct nearly located at same position on spermatheca.

Composition. Kirinua maguai sp. nov. and K. yangshuo sp. nov.

Distribution. China (Guangxi) (Fig. 23).

Relationships. Kirinua gen. nov. is characterised by their tiny size, chelicerae fused
at mid-line, AMEs and book lungs absent, female lacking palps and tarsi much longer
than metatarsi. This new genus is similar to Pzzu by having 2 clasping spines on male
tibia II, lacking an abdominal scutum latero-posteriorly in the male and the carapace
of both sexes lacks modified pits or sculpturing (Figs 15A-H and 17A-H). The new
genus differs from Paru by the highly modified structures of the cymbium (e.g. primary
apophysis, process) and the epigyne has nearly spherical spermathecae and a broad
atrium (Figs 16A, G, 18A and F).

Kirinua maguai S. Li & Lin, sp. nov.
http://zoobank.org/F32044F2-1449-4A5F-BC7F-5EC66AB5596A
Figures 15, 16, 23

Type material. Holotype & (IZCAS-Ar 41046) and paratype 19 (IZ-
CAS-Ar  41047) CHNA:  Guangxi Zhuang Autonomous Region, Hechi
City, Fengshan County, Pingle Township, Maguai Cave (24.43194°N,
106.96737°E, 618 m alt.), 23.111.2015, Y. Li and Z. Chen leg; 19 (NHMSU-
HAO008) used for sequencing, GenBank: MW970250, same data as for preceding.

Other material examined. 1¢ (NHMSU-HA005) CHINA: Guangxi Zhuang Au-
tonomous Region, Hechi City, Fengshan County, Pingle Township, Sanmen Cave
(24.43163°N, 106.97124°E, 659 m alt.), 23.1I1.2015, Y. Li and Z. Chen leg; 1%
(NHMSU-HAO011) same Province and County, Fengcheng Township, nameless cave
(24.31023°N, 107.00213°E, 402 m alt.), 24.111.2015, Y. Li and Z. Chen leg.; 13 prosoma
(NHMSU-HAO016) same region, Hechi City, Donglan County, Bala Township, nameless
cave (24.44368°N, 107.34726°E, 385 m alt.), 18.111.2015, Y. Li and Z. Chen leg.

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

Diagnosis. Males of the new species can be distinguished from those of K. yang-
shuo sp. nov. by the shorter, distally blunt embolus vs. a distally sharp, longer embolus
(ca. 2x length of the former) and by a blunt cymbial apophysis vs. a truncated cymbial
apophysis (Figs 16A and 18A). The female differs from that of K. yangshuo sp. nov. by
the small atrium without a knob-shaped lateral hump vs. a large atrium with a knob-
shaped lateral hump and by the shorter, copulatory duct coiled less than 2 times vs. the
longer copulatory duct coiled more than 5 times (Figs 16F-G and 18E-F).
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Figure 15. Kirinua maguai sp. nov. A male habitus, dorsal B male habitus, ventral C male habitus, lat-
eral D female habitus, dorsal E female habitus, ventral F female habitus, lateral G male prosoma, anterior
H male prosoma, lateral | male chelicerae, anterior. Abbreviation: TS = male clasping spines on tibia II.

Scale bars: 0.50 (A-F); 0.20 (G, H); 0.10 (I).
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Figure 16. Kirinua maguai sp. nov. A male palp, prolateral B male palp, ventral C male palp, retrolat-

eral D epigyne, ventral E epigyne, lateral F vulva, ventral G vulva, dorsal. Abbreviations: Atr = atrium;
AP = apical process; CA = cymbial apophysis; CD = copulatory ducts; Co = conductor; CO = copulatory
opening; Cy = cymbium; CP1 = proximal cymbial process; CP2 = distal cymbial process; E = embolus;
FD = fertilisation ducts; Fe = femur; MA = median apophysis; Pa = patella; S = spermathecae; T = tegu-
lum; Ti = tibia. Scale bars: 0.10 (A=G).
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Description. Male (IZCAS-Ar 41046). Total length 0.64. Carapace 0.32 long, 0.28
wide, 0.32 high. Clypeus 0.10 high. Sternum 0.20 long, 0.16 wide. Abdomen 0.44 long, 0.44
wide, 0.52 high. Length oflegs: 11.08 (0.30,0.12,0.24, 0.18,0.24); 110.98 (0.30, 0.12,0.20,
0.14, 0.22); 111 0.74 (0.20, 0.10, 0.14, 0.16, 0.14); IV 0.94 (0.32, 0.10, 0.20, 0.12, 0.20).

Somatic characters (Fig.. 15A—C and G-I). Colouration: carapace pale yellow, with
irregular darker patches at thoracic area and margins. Mouthparts pale brown. Sternum
light grey. Legs pale yellow. Abdomen pale. Prosoma: carapace longer than wide, as long
as high. ALE largest, PME smallest, PER slightly recurved. Clypeus slightly concave.
Clypeal notches separated by width of PME (Fig. 15G). Chelicerae covered with sparse,
long setae anteriorly. Endites longer than wide. Labium wider than long, with shallow
notch on anterior margin. Sternum slightly plump. Legs: each patella with 1 disto-dorsal
seta, tibia with 2 dorsal setae, 1 subproximal and 1 subdistal, metatarsus I with 1 sub-
proximal dorsal seta. Opisthosoma: round in dorsal view and ovoid in lateral view, with
sparse, long setae, posteriorly extended beyond spinnerets. Spinnerets light yellow.

Palp (Fig.. 16A—C): strongly sclerotised. Femur and patella swollen, tibia longer
than femur or patella, with a small retrolateral basal tubercle. Cymbium large, with 1
hook-like process, 1 nodular process with few short setae and 1 long, finger-like distal
cymbial apophysis. Bulb flattened. Median apophysis strip-shaped, located below cym-
bial apophysis. Rugose tegulum with triangular apical process. Embolus stiff, shorter
than median apophysis, slightly bent at middle, blunt distally.

Female (IZCAS-Ar 41047). Total length 0.64. Carapace 0.32 long, 0.32 wide, 0.28
high. Clypeus 0.10 high. Sternum 0.20 long, 0.20 wide. Abdomen 0.44 long, 0.40 wide,
0.48 high. Length of legs: 1 1.10 (0.34, 0.14, 0.22, 0.18, 0.22); I1 0.96 (0.28, 0.12, 0.20,
0.16, 0.20); 111 0.78 (0.24, 0.10, 0.12, 0.14, 0.18); IV 0.92 (0.26, 0.12, 0.20, 0.14, 0.20).

Somatic characters (Fig.. 15D-F). Colouration: same as in male. Prosoma: cara-
pace nearly pear-shaped in dorsal view. Cephalic part elevated, lower than in male. PER
slightly procurved. Legs: spination of each leg as in male. Opisthosoma: as in male,
except for wrinkled abdominal cuticle that may be caused by ethanol dehydration.

Epigyne (Fig.. 16D-G) internal structures faintly visible via the translucent epigynal
cuticle. Scape barely visible. Vulva relatively complex. Spermathecae subglobose, close to
posterior margin, separated by about 2 diameters. Fertilisation duct thinner than copulatory
duct, located dorso-posteriorly on copulatory duct, originates from posteromedial margin
of spermatheca, curved outwards at sides of atrium, then extended downwards (Fig. 16G).

Distribution. China (Guangxi) (Fig. 23).

Kirinua yangshuo S. Li & Lin, sp. nov.
http://zoobank.org/ASAFCA25-600D-4825-ACA6-91733DFCI91B8
Figures 17, 18, 23

Type material. Holotype 5 (IZCAS-Ar 41048) and paratypes 29 (IZCAS-Ar 41049,
41050) CHINA: Guangxi Zhuang Autonomous Region, Guilin City, Yangshuo County,
Xinping Township, Bingshiyan Cave (24.94477°N, 110.60615°E), 11.1.2013, J. Du
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Figure 17. Kirinua yangshuo sp. nov. A male habitus, dorsal B male habitus, ventral C male habitus, lat-
eral D female habitus, dorsal E female habitus, ventral F female habitus, lateral G male prosoma, anterior
H male prosoma, lateral I male chelicerae, anterior. Abbreviation: TS = male clasping spines on tibia II.

Scale bars: 0.50 (A-F); 0.20 (G, H); 0.10 (I).
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Figure 18. Kirinua yangshuo sp. nov. A male palp, prolateral B male palp, retrolateral C epigyne, ven-
tral D epigyne, lateral E vulva, ventral F vulva, dorsal. Abbreviations: Atr = atrium; AP = apical process;
CA = cymbial apophysis; CD = copulatory ducts; Co = conductor; CO = copulatory opening; Cy = cym-
bium; CP1 = proximal cymbial process; CP2 = distal cymbial process; E = embolus; FD = fertilisation
ducts; MA = median apophysis; S = spermathecae; T = tegulum. Scale bars: 0.10 (A=F).
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and X. Wang leg.; 13 juvenile NHMSU-HA018) and 19 (NHMSU-HAO018) used
for sequencing, GenBank: MW970236 and MW970235, same data as for preceding.

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

Diagnosis. See diagnosis for K. maguai sp. nov.

Description. Male (IZCAS-Ar 41048). Total length 0.60. Carapace 0.28 long, 0.24
wide, 0.36 high. Clypeus 0.20 high. Sternum 0.16long, 0.16 wide. Abdomen 0.28 long, 0.28
wide, 0.48 high. Length oflegs: 11.04 (0.30,0.12,0.24, 0.14,0.24); 110.86 (0.24,0.12,0.20,
0.10, 0.20); 111 0.66 (0.16, 0.10, 0.12, 0.10, 0.18); IV 0.82 (0.26, 0.10, 0.16, 0.14, 0.16).

Somatic characters (Fig. 17A—C and G-I). Colouration: body dark, nearly black. Legs
light brown, with black pigmentation. Prosoma: carapace longer and higher than wide. Ce-
phalic apex at PME position. ALE > PLE = PME, PME separated by ca. half a radius, PER
recurved. Clypeus concave, paired notches separated by more than width of PME (Fig. 17G
and H). Labium short, with shallow notch. Legs: each patella with 1 long dorsal seta, each
tibia with 2 long dorsal setac. Opisthosoma: shape as in K. maiguai sp. nov., spinnerets dark.

Palp (Fig. 18A and B): strongly sclerotised. Proximal cymbial process (CP1) small,
sharp, needle-like, distal cymbial process (CP2) large, hooked. Cymbial apophysis (CP)
truncated, with 2 distal long setae. Distal bifurcation of median apophysis located di-
rectly below the hooked CP2 (Fig. 18A). Tegulum translucent, weakly rugose, with a
triangular apical process. Embolus longer than median apophysis, robust, horn-like,
strongly sclerotised, gradually tapering, bent at nearly proximal 5, forked at terminus.

Female (IZCAS-Ar 41049). Total length 0.80. Carapace 0.32 long, 0.28 wide, 0.32
high. Clypeus 0.10 high. Sternum 0.20 long, 0.20 wide. Abdomen 0.52 long, 0.52 wide,
0.60 high. Length of legs: 1 1.20 (0.40, 0.10, 0.30, 0.18, 0.22); 11 0.90 (0.22, 0.12, 0.22,
0.14, 0.20); 111 0.74 (0.20, 0.10, 0.14, 0.10, 0.20); IV 0.86 (0.26, 0.10, 0.18, 0.12, 0.20).

Somatic characters (Fig. 17D-F). Colouration: same as in male. Prosoma: cara-
pace longer than wide, as long as high. Cephalic part lower than in male, flat dorsally.
PER slightly recurved. Legs: spination of each leg as in male. Opisthosoma: laterally
oviform. Spinnerets Located ventrally.

Epigyne (Fig. 18C-F): plate wider than long, strongly sclerotised. Scape wider
than long, slightly protruded. Spermathecae globose, separated by more than 3.5 diam-
eters. Copulatory ducts long, their proximal parts enlarged, forming a broad, inverted,
subtriangular atrium, with knob-shaped lateral humps; middle part coiled more than
5 times; distal part connected longitudinally to spermatheca. Fertilisation duct slightly
bent, runs along lateral wall of atrium, originating above coiled part of copulatory duct.

Distribution. China (Guangxi) (Fig. 23).

Genus Swilda S. Li & Lin, gen. nov.
http://zoobank.org/ CC843E39-93C5-44A5-9C50-5E7ABBF17B21

Type species. Crassignatha longtou Miller, Griswold & Yin, 2009, from Gaoligong
Mountain, south-western China.
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Etymology. The generic name Swilda is derived from the Swild Studio (in Chi-
nese: Xi Nan Shan Di Gong Zuo Shi). It is named after the organisation in honour
of its dedication to promoting public advocacy for wildlife conservation and nature
education in southwest China. The gender is masculine.

Diagnosis. Swilda gen. nov. is easily distinguished from other symphytognathids,
except Crassignatha, by having an anteromedially-split dorsal scutum in the male and
a highly ornamented spinous and pitted carapace in both sexes (Figs 19A, D, 21A and
D). It resembles Crassignatha in carapace texture and the spherical spermathecae. The
male differs from those of Crassignatha by having a conductor and lacking a cymbial
tooth (Figs 20A and 22A) vs. lacking a conductor, but having a cymbial tooth (figs 2A,
8A and 10A in Li et al. 2020); the female differs in lacking a scape and by the separated
copulatory openings (Figs 20F and 22E) vs. having a protruded scape and the adnate
copulatory openings located at the apex of the scape in Crassignatha (figs 2G, 4G and
8G in Li et al. 2020).

Description. Minute, body length 0.50-1.00. Carapace rounded or pyriform,
strongly sclerotised, surface spinous and pitted (Figs 19A, 19D, 21A and 21D). Ce-
phalic part raised, higher in male than in female. Six eyes, white, in 3 diads. Clypeus
high, more than 2x diameter of ALE, concave. Chelicerae fused at middle, with 1 bifid
tooth. Labium tongue-shaped, fused to coarse, pitted sternum. Sternum heart-shaped,
slightly plump, truncated posteriorly (Figs 19B, 19E, 21B and 21E). Male tibia IT with
one clasping spine (Figs 19B and 21B). Abdomen globose in both sexes, male usually
with a weakly sclerotised abdominal scutum split at mid-line (Figs 19A and 21A), scler-
otised annular plate encircles spinnerets (Figs 19B, 19E, 21B and 21E). Colulus absent.

Pedicel orifice wide, wider than epigyne, with 2 pairs of lateral setae, posterior mar-
gin rebordered. Epigastric scutum distinctly sclerotised ventrally (not encircling pedicel).

Male palp (Figs 20A, B, 22A and B): femur swollen, wider than patella, tibia
lamellar. Bulb oblate; cymbium well developed, covers bulb on prolatero-ventral side,
with 2 processes (CP1, CP2). Median apophysis present. Conductor longer than me-
dian apophysis, protruded out of bulb. Embolus long, tubular, sclerotised, originates
at prolateral margin of tegulum, curved and extended beneath distal part of cymbium.

Epigyne (Figs 20C-F and 22C-E): sclerotised, posterior margin slightly pro-
truded. Parmula inconspicuous. Copulatory openings separated, located at posterior
margin. Spermathecae globose, separated by less than 2 diameters. Copulatory ducts
slender, twisted, encircling spermathecae, connected to anteromedial surface of sper-
mathecae. Fertilisation ducts originate at posterolateral surface of spermathecae.

Composition. Swilda longtou (Miller et al, 2009) comb. nov. and S. spinathoraxi
(Lin & Li, 2009) comb. nov.

Relationships. Swilda gen. nov. is characterised by its tiny size, fused chelicerae
at mid-line, AMEs and book lungs absent, female lacking palps and tarsi much longer
than metatarsi. Here, the male of C. longtou is described for the first time and speci-
mens of P spinathoraxi are re-examined. We found the morphological features of these
two species to be very similar to those of Crassignatha (see Li et al. 2020: 65), sharing
the following combination of characters: a clasping spine on tibia IT and an abdominal
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scutum latero-posteriorly in the male and a decorated carapace and sclerotised epigas-
tric scutum in both sexes (Figs 19A—F and 21A-F). The differences between these two
species and Crassignatha are: a pitted and spinous carapace, a sclerotised annular plate
that encircles the spinnerets (cf. Figs 19A-F and 21A-F vs. figs IA-F and 7A-F in Li
etal. 2020), only 1 male clasping spine (cf. Figs 19B and 21B vs. figs 1B and 12C in Li
et al. 2020: only 1 spine in a few species), male palps lack a cymbial tooth, but have a
conductor (cf. Figs 20A and 22A vs. figs 2A and 8A in Li et al. 2020) and the epigyne
lacks a protruded scape (cf. Figs 20E~F and 22E-E vs. figs 2E and 6E in Li et al. 2020).

The genetic distance we estimated, based on COI, also indicated differences be-
tween these two species and members of other genera (see Appendix Table Al). Phy-
logenetic analysis of molecular data indicates that P spinathoraxi and C. longtou are
clearly congeneric. Additionally, the combined genetic evidence from five genes sup-
ports the monophyly of Swilda gen. nov. and the sister group relationship of the two
genera (unpubl. data). Therefore, Swilda gen. nov. is proposed as a new genus in which
to place S. longrou (Miller et al, 2009) comb. nov., transferred from Crassignatha and
S. spinathoraxi comb. nov., transferred from Patu. We designate Swilda longtou as the
type species for this new genus.

Distribution. China (Yunnan) (Fig. 23).

Swilda longtou, (Miller et al., 2009), comb. nov.
Figures 19, 20, 23

Crassignatha longtou Miller, Griswold & Yin, 2009: 76, figs 89E, F, 90A-C, 91A-F
and 92A-D (9).

Type material. Holotype @ (CASENT 9029292, HNU) and paratypes 39, 1 juv.
(CASENT 9020733, HNU), 29 (CASENT 9020732, HNU) CHINA: Yunnan Prov-
ince, 10 km of W Nujiang on Shibali Rd., N fork, Yamu He, Gaoligongshan, moist
earthen embankments (27.13795°N, 98.82240°F; 1850 m alt.), 25.IV.2004, C. Gris-
wold leg.; 1@ (CASENT 9020740, HNU): Yunnan Province, Fugong County, 4.5 km
N of Aludi Village, 22.1 km N of Fugong, in stream gorge (26.10829°N, 98.87162°E;
1250 m alt.), 23.1V.2004, C. Griswold leg.

Other material examined. 57, 109 (NHMSU-HA112) CHINA: Yunnan Prov-
ince, 10 km of W of Nujiang on Shibali Rd., N fork, Yamu He, Gaoligongshan, moist
earthen embankments (27.13795°N, 98.82240°E; 1850 m alt.), 19.VII1.2018, Y.
Lin et al. leg.; 18 (NHMSU-HA112) and 19 (NHMSU-HA112) used for sequenc-
ing, GenBank: MW970249 & MW970241, same data as for preceding. 58, 119
(NHMSU-HA111): Yunnan Province, Fugong County, Shilajia Village, Yamu He
(27.13440°N, 98.82625°E; 1792 m alt.), 19.VII.2018, Y. Lin et al. leg.

Diagnosis. The male of S. longrou can be distinguished from that of S. spinatho-
raxi by the larger proximal cymbial process (CP1), the human-ear-shaped median
apophysis and the wider and longer conductor (Fig. 20A) vs. needle-like proximal
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Figure 19. Swilda longton A male habitus, dorsal B male habitus, ventral € male habitus, lateral D fe-
male habitus, dorsal E female habitus, ventral F female habitus, lateral. Abbreviation: TS = male clasping

spines on tibia II. Scale bars: 0.50 (A-F).

cymbial process (CP1), mastoid median apophysis and narrower and shorter con-
ductor (Fig. 21A). The female differs by the separated copulatory openings, sper-
mathecae separated by less than one diameter in S. longrou vs. adjacent copulatory
openings, spermathecae separated by more than one diameter in S. spinathoraxi (cf.
Figs 20E and F and 22D and E).

Male (NHMSU-HA112). Total length 0.68. Carapace 0.32 long, 0.36 wide, 0.36
high. Clypeus 0.16 high. Sternum 0.24 long, 0.24 wide. Abdomen 0.44 long, 0.44
wide, 0.48 high. Length of legs: I 1.24 (0.38, 0.14, 0.30, 0.20, 0.22); II 1.00 (0.30,



40 YaLietal. / ZooKeys 1072: 1-47 (2021)

Figure 20. Swilda longton A male palp, prolateral B male palp, retrolateral € epigyne, ventral D epigyne,
lateral E vulva, ventral F vulva, dorsal. Abbreviations: CA = cymbial apophysis; CD = copulatory ducts;
Co = conductor; CO = copulatory opening; Cy = cymbium; CP1 = proximal cymbial process; CP2 = di-
stal cymbial process; E = embolus; FD = fertilisation ducts; Fe = femur; MA = median apophysis; Pa = pa-
tella; S = spermathecae; T = tegulum; Ti = tibia. Scale bars: 0.10 (A=F).
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0.12, 0.22, 0.16, 0.20); I1I 0.80 (0.20, 0.10, 0.18, 0.14, 0.18); IV 0.96 (0.26, 0.12,
0.24, 0.18, 0.16).

Somatic characters (Fig. 19A-C). Colouration: carapace and sternum dark
brown. Chelicerae, endites and labium brown. Abdomen pale dorsally, fuscous later-
ally and ventrally. Prosoma: PME separated by ~ % their diameter. ALE protrud-
ed, PER slightly recurved. Cervical groove distinct, thoracic fovea shallow. Sternum
slightly plump, surface coarse with pits, truncated posteriorly. Legs: light brown, distal
tibia darker, femora I and II slightly swollen basally. Patella with 1 long dorso-distal
seta. Tibia I and II with 2 long dorsal setae, 1 on tibia III and IV. Tibia II with 1 large
subdisto-ventral spine. Opisthosoma: spherical in dorsal view, with sparse, long setae,
with a posterolateral scutum. Spinnerets brown, surrounded by a circular plate.

Palp (Fig. 20A and B): bulb oblate, ~ 1/3 size of carapace. Cymbium broad retro-
laterally, with 2 sclerotised processes, large proximally (CP1) and small distally (CP2).
Tegulum smooth. Median apophysis human-ear-shaped. Conductor large, longer
than wide, basally constricted, distally curved. Sperm duct originates at prolateral base
of bulb, embedded in the bulb. Embolus long, tubular, strongly sclerotised, mesally
curved and distally extended below apex of cymbium.

Female (NHMSU-HA112). Total length 0.92. Carapace 0.36 long, 0.36 wide,
0.32 high. Clypeus 0.16 high. Sternum 0.24 long, 0.24 wide. Abdomen 0.56 long,
0.56 wide, 0.64 high. Length of legs: I 1.10 (0.28, 0.14, 0.30, 0.18, 0.20); II 0.96
(0.22, 0.14, 0.22, 0.16, 0.22); 111 0.88 (0.22, 0.12, 0.20, 0.12, 0.22); IV 0.94 (0.28,
0.10, 0.22, 0.14, 0.20).

Somatic characters (Fig. 19D-F). Habitus features and modifications as in male,
but without postero-lateral scutum.

Epigyne (Fig. 20C-F): sclerotised, with 2 macrosetae and some setae (Fig. 20C).
Internal structures faintly visible via translucent cuticle. Globular spermathecae sepa-
rated by slightly less than one diameter. Fertilisation ducts short, originating anterolat-
erally on spermathecae. Copulatory ducts long, arising postero-laterally on spermathe-
cae, coiling 1% times around spermathecae from copulatory openings.

Distribution. China (Yunnan) (Fig. 23).

Swilda spinathoraxi, (Lin & Li, 2009), comb. nov.
Figures 21-23

Patu spinathoraxi Lin & Li, 2009: 60, figs 14A, B, 15A, B, 16A-E, 17A and B 39).

Type material. Holotype @ (IZCAS) and paratypes 153 199 (IZCAS) CHNA: Yun-
nan Province, Mengla County, Menglun Town, Rubber Plantation near Menglun Na-
ture Reserve (21.90000°N, 101.26667°E; 569 m alt.), 1-15.V.2007, G. Zheng leg.;
23 29 (IZCAS): Yunnan Province, Mengla County, Menglun Town, Menglun Nature
Reserve, rubber-tea plantation (21.91667°N, 101.26667°E; 572 m alt.), 5-12.1.2007,
G. Zheng leg; 29 (IZCAS) same locality, secondary seasonal tropical rainforest
(21.90000°N, 101.28333°E; 612 m alt.), 10.VII1.2007, G. Zheng leg.
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Figure 21. Swilda spinathoraxi A male habitus, dorsal B male habitus, ventral C male habitus, lateral
D female habitus, dorsal E female habitus, ventral F female habitus, lateral. Abbreviation: TS = male
clasping spines on tibia II. Scale bars: 0.50 (A-F).

Other material examined. 13 19 (NHMSU-HA082) CHINA: Yunnan Prov-
ince, Mengla County, Menglun Town, Xishuangbanna Tropical Botanic Garden, in
forest of Paramichelia baillonii (21.91207°N, 101.26836°E; 527 m alt.), 2.X.2017,
Y. Lin and Y. Li leg.; 18 (NHMSU-HA082) and 19 (NHMSU-HAO082) used for
sequencing, GenBank: MW970238 and MW970237, same data as for preced-
ing; 14 (NHMSU-HAO060): Yunnan Province, Mengla County, Menglun Town,
Xishuangbanna Tropical Botanic Garden, Rubber-Tea plantation (21.91077°N,
101.27095°E, 572 m alt.), 8-12.VII1.2006, G. Zheng leg.; 19 (NHMSU-
HAO076): Yunnan Province, Xishuangbanna Natural Reserve, monsoon forest off
greenstone road, in the bamboo forest (21.90707°N, 101.28183°E, 607 m alt.),
24.V.2013, Z. Zhao and Z. Chen leg.

Diagnosis. see diagnosis for S. longtou.
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Figure 22. Swilda spinathoraxi A male palp, prolateral B male palp, retrolateral C epigyne, ventral
D vulva, ventral E vulva, dorsal. Abbreviations: CA = cymbial apophysis; CD = copulatory ducts;
Co = conductor; CO = copulatory opening; Cy = cymbium; CP1 = proximal cymbial process; CP2 = dis-
tal cymbial process; E = embolus; FD = fertilisation ducts; Fe = femur; MA = median apophysis; Pa = pa-
tella; S = spermathecae; T = tegulum; Ti = tibia. Scale bars: 0.10 (A-E).
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Figure 23. Distribution records of fourteen species of genera Patu, Kirinua gen. nov. and Swilda gen. nov.
in Asia | P catba sp. nov. 2 P dakou sp. nov. 3 P damtao sp. nov. 4 P jiangzhou sp. nov. 5 P jidanweishi 6 I
nagarat sp. nov. 1 P nigeri 8 P putao sp. nov. 9 P giqi 10 P xiaoxiao V| K. maguai sp. nov. 12 K. yangshuo
sp. nov. 13 8. longtou 14 S. spinathoraxi.

Description. Male (NHMSU-HA082). Total length 0.52. Carapace 0.28 long,
0.32 wide, 0.32 high. Clypeus 0.14 high. Sternum 0.20 long, 0.20 wide. Abdomen
0.40 long, 0.32 wide, 0.36 high. Length of legs: I 1.00 (0.28, 0.12, 0.24, 0.16, 0.20);
110.78 (0.18, 0.12, 0.18, 0.12, 0.18); I1I 0.58 (0.12, 0.08, 0.12, 0.10, 0.16); IV 0.80
(0.20, 0.12, 0.18, 0.12, 0.18).

Somatic characters (Fig. 21A-C). Colouration: carapace brown, sternum light
brown ventrally. Legs light brown. Abdomen pale at middle, light brown laterally and
ventrally. Prosoma: PME separated by - 5 their diameter. ALE protruded, PER slight-
ly recurved. Clypeus concave, smooth. Sternum surface rugose, pitted, slightly plump.
Legs: with long disto-dorsal spine on patella; 2 long dorsal spines on tibiae I and II, 1
on tibia III and IV. Opisthosoma: round dorsally, ovoid laterally, extended posteriorly
beyond spinnerets, abdominal surface with sparse, long setae, with a postero-lateral
scutum. Spinnerets light brown, surrounded by an annular plate.

Palp (Fig. 22A and B): bulb oblate, femur plump. Cymbium broad, with needle-
like apical process and nodular distal one. Tegulum nearly rectangular. Median apo-
physis small, tubercle-like. Conductor long, wide basally, narrow mesally and distally.



Patu (Araneae, Symphytognathidae) of Asia 45

Embolus long, jutting out from prolateral margin of tegulum, curved upwards, ex-
tended beneath distal part of cymbium.

Female (NHMSU-HAO076). Total length 0.80. Carapace 0.32 long, 0.32 wide,
0.28 high. Clypeus 0.12 high. Sternum 0.20 long, 0.20 wide. Abdomen 0.56 long,
0.56 wide, 0.60 high. Length of legs: I 0.84 (0.24, 0.12, 0.20, 0.12, 0.16); II 0.72
(0.18, 0.10, 0.16, 0.12, 0.16); III 0.60 (0.16, 0.10, 0.12, 0.10, 0.12); IV 0.78 (0.20,
0.10, 0.20, 0.12, 0.16).

Somatic characters (Fig. 21D-F). Colouration: prosoma and legs as in male. Ab-
domen pale dorsally and light grey ventrally. Carapace modified as in male. Cephalic
part lower than in male. Legs: the spination same as in male, except tibia II lacking
clasping spine. Opisthosoma: globose, with sparse, long setae, without posterolateral
scutum. Other modifications same as in male.

Epigyne (Fig. 22C-E): sclerotised, cuticle weakly rugose. Epigynal posteromargin
slightly protruded. Spermathecae separated by ca. 1.5 diameters. Copulatory open-
ings adjacent. Copulatory ducts long, encircle spermathecae, forming ~ % loop from
posterior to anterolateral connecting with the inner middle margins of spermathecae.
Fertilisation ducts short, starting at postero-lateral margin of spermathecae, extending
to lateral of posterior epigynal margin.

Distribution. China (Yunnan) (Fig. 23).

Discussion

The taxonomy of genus Paru is revised in the current study and the taxonomic posi-
tions of some puzzling Asian Patu species are resolved. However, the species here are
only the “tip of the iceberg” of Asian Patu species (Yao et al. 2021, Li et al. 2021) and
further studies are necessary to revise the worldwide Patu spiders.
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Abstract

Nine new species of the orb-weaver spider family Araneidae Clerck, 1757 from Menglun Town, Xishuang-
banna, Yunnan, China are described: Acusilas tongi sp. nov. (3 Q), Chorizopes yui sp. nov. (3'Q), Chorizopesoides
guoi sp. nov. (3'Q), Deione cheni sp. nov. (Q), D. yangi sp. nov. (3 Q), Hypsosinga pulla sp. nov. (3'Q), Mangora
baii sp. nov. (39), M. cephala sp. nov. (3'Q) and Milonia gemella sp. nov. (3Q). The genus Milonia Thorell,
1890 is recorded from China for the first time. The previous description of Chorizopesoides wulingensis (Yin,
Wang & Xie, 1994) from Libo County, Guizhou by Mi and Wang (2018) refers to Chorizopesoides annasesta-
kovae sp. nov. (3'9). Diagnostic photos of the habitus and copulatory organs of the new species are provided.

Keywords
Morphology, new record, orb-weaver spider, taxonomy

Introduction

The spider family Araneidae Clerck, 1757 is the third largest family in Araneae, with a
total of 3067 species in 177 genera worldwide (WSC 2021). In China, 402 species in
50 genera have been recorded (Li 2020, Yao and Li 2021, Li et al. 2021).
Xishuangbanna Tropical Botanical Garden (XTBG) in Menglun Town lies in
Mengla County, Yunnan Province, southwest China. A total of 782 spider species have

Copyright Xiaogi Mi, Shugiang Li This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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been recorded from this area through an “All Species Inventory” (Li 2020). The num-
ber of Araneidae species of this region continually increases due to ongoing research,
e.g. — a taxonomic revision of the orb-weaver genus Eriovixia Archer, 1951 from this
area indicated 13 species, 7 new to science by Mi and Li (2021). This paper is the sec-
ond paper of our work on Araneidae from the region. Nine new species of the genera
Acusilas Simon, 1895, Chorizopes O. Pickard-Cambridge, 1871, Chorizopesoides Mi &
Wang, 2018, Deione Thorell, 1898, Hypsosinga Ausserer, 1871, Mangora O. Pickard-
Cambridge, 1889 and Milonia Thorell, 1890 are described.

Materials and methods

All specimens were collected by beating shrubs, fogging, or hand collecting and are pre-
served in 75% ethanol. Type specimens of new species are deposited in the Institute
of Zoology, Chinese Academy of Sciences (IZCAS) in Beijing. The type specimens of
Chorizopesoides annasestakovae sp. nov. and comparative material of Deione lingulata Han,
Zhu & Levi, 2009 are deposited in Tongren University (TRU). The specimens were ex-
amined with an Olympus SZ51 stereomicroscope. The epigyna were cleared in trypsin
enzyme solution for examination and imaging. The left male palps were dissected in
ethanol for examination, description, and imaging. Photos of the habitus and copulatory
organs were taken with a Kuy Nice CCD mounted on an Olympus BX53 compound
microscope. Compound focus images were generated using Helicon Focus v. 6.7.1.

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 listed in lowercase (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: ALE
anterior lateral eye; AME anterior median eye; BE broken embolus; C conductor; CD
copulatory duct; CO copulatory opening; E embolus; ET embolic thorn; FD fertiliza-
tion duct; MA median apophysis; MOA median ocular area; MP median plate; PLE
posterior lateral eye; PME posterior median eye; SA subterminal apophysis; Sc scape;
Sp spermatheca; TA terminal apophysis; TE tegular extension.

Taxonomy

Family Araneidae Clerck, 1757
Genus Acusilas Simon, 1895
Acusilas Simon, 1895: 785; Schmidt and Scharff 2008: 7.

Type species. Acusilas coccineus Simon, 1895 from Indonesia
Comments. Nine Acusilas species from Asia and one species from Africa are known.
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Acusilas tongi sp. nov.
http://zoobank.org/9ED4228E-0711-4E28-A95F-8C4FC129B2EC
Figs 1, 2, 20A

Type material. Holotype. &5 (IZCAS-Ar42503), CHiNa: Yunnan, Xishuangbanna,
Mengla County, Menglun Township, Menglun Nature Reserve, primary tropical sea-
sonal rainforest (21°57.43'N, 101°12.28'E, ca 792 m), 19-25. X1.2006, G. Zheng
leg. Paratypes: 13 (IZCAS-Ar42504), rubber plantation (approx. 20 years old)
(21°54.47'N, 101°15.98'E, ca 570 m), 5-12.X1.2006, G. Zheng leg.; 19 (IZCAS-
Ar42505), rubber plantation (approx. 20 years old) (21°54.65'N, 101°16.26'E, ca
570 m), 5-12.XI1.2006, G. Zheng leg.; 19 (IZCAS-Ar42506), secondary tropical
seasonal moist forest (21°54.61'N, 101°17.01'E, ca 630 m), 28.VI.2007, G. Zheng
leg.; 18 (IZCAS-Ar42507), low evergreen forest along G213 roadside (21°53.79'N,
101°17.15'E, ca 590 m), 27.X1.2009, G. Tang leg.; 19 (IZCAS-Ar42508), Xishuang-
banna Tropical Botanical Garden, grapefruit plantation (21°54.07'N, 101°16.36'E,
ca 540 m), 22.VI1.2018, X. Mi leg.; 18 (IZCAS-Ar42509), Xishuangbanna Tropi-
cal Botanical Garden, Yulinjiegou scenic spot (21°55.13'N, 101°16.08'E, ca 550
m), 29.VIL.2018, X. Mi leg.; 12(IZCAS-Ar42510), Teak plantation (21°54.03'N,
101°16.39'E, ca 550 m), 10.VII1.2018, Z. Bai et al. leg.; 1 (IZCAS-Ar42511), site 5
around the dump (21°54.37'N, 101°16.07'E, ca 620 m), 6.V.2019, Y. Tong leg.

Etymology. The species is named after Dr. Yanfeng Tong (Shenyang Normal Uni-
versity), one of the collectors of the type specimens; noun (name) in genitive case.

Diagnosis. The new species resembles A. malaccensis in habitus but can be dis-
tinguished by the: 1) interrupted stripes on the female abdomen vs. uninterrupted
(Murphy and Murphy, 1983: fig. 16); 2) spermatheca ovoid vs. globular (Murphy and
Murphy, 1983: fig. 12).

Description. Male (holotype, Figs 1A, B, 2D, E, 20A). Total length 2.15. Cara-
pace 1.15 long, 0.90 wide. Abdomen 1.05 long, 1.15 wide. Clypeus 0.08 high. Eye
sizes and interdistances: AME 0.13, ALE 0.05, PME 0.10, PLE 0.08, AME-AME
0.08, AME-ALE 0.03, PME-PME 0.10, PME-PLE 0.08, MOA length 0.28, anterior
width 0.28, posterior width 0.28. Leg measurements: 1 2.75 (0.90, 0.95, 0.50, 0.40),
11 2.55 (0.80, 0.85, 0.50, 0.40), III 1.65 (0.55, 0.55, 0.30, 0.25), [V 2.25 (0.75, 0.75,
0.40, 0.35). Carapace pear-shaped, yellowish brown, cervical groove obvious, poste-
rior eyes surrounded with black. Chelicerae yellowish brown, four promarginal teeth,
lacking retromarginal teeth. Endites, labium yellow. Sternum yellow, with sparse, dark
setae. Legs yellowish brown without annulations. Abdomen blunt anteriorly, pointed
posteriorly, about 1.1 times wider than long, dorsum grayish yellow with irregular
dark patches; venter grayish yellow with darker spots forming inconspicuous stripes.
Spinnerets yellow.

Palp (Figs 1A-C, 20A): median apophysis prominent, about 4/5 length of cym-
bium; embolus about two times length of cymbium, runs anti-clockwise, curved about
180° from its origin, with two thorns at base (embolic thorn, stipes extended), distal
end pointed toward tip of median apophysis.
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Figure 1. Acusilas tongi sp. nov., male palp A, B holotype € broken embolus A prolateral view B retro-
lateral view € broken embolus in female paratype’s epigyne. Scale bars: 0.1mm

Female (paratype IZCAS-Ar42505, Fig. 2A—C, F-H). Total length 8.20. Carapace
4.20 long, 3.20 wide. Abdomen 5.10 long, 4.40 wide. Clypeus 0.15 high. Eye sizes
and interdistances: AME 0.18, ALE 0.13, PME 0.18, PLE 0.15, AME-AME 0.22,
AME-ALE 0.10, PME-PME 0.25, PME-PLE 0.18, MOA length 0.55, anterior width
0.55, posterior width 0.55. Leg measurements: I 12.00 (3.60, 4.50, 2.70, 1.20), II
11.30 (3.50, 4.00, 2.60, 1.20), I117.30 (2.50, 2.60, 1.30, 0.90), IV 11.10 (3.50, 4.00,
2.50, 1.10). Carapace pear-shaped, yellow, cervical groove obvious, posterior eyes sur-
rounded with black. Chelicerae yellow, four promarginal teeth, three retromarginal
teeth. Endites and labium yellow. Sternum yellow, with sparse, dark setae. Legs: femur,
patella, and basal 1/4 of tibia yellow, remaining 3/4 of tibia, metatarsus, and tarsus
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IR

Figure 2. Acusilas tongi sp. nov. A=C, F=H female paratype IZCAS-Ar42505 D, E holotype A epigyne,
ventral view B ibid., posterior view € ibid., anterior view D habitus, dorsal view E ibid., lateral view
F ibid., dorsal view G ibid., ventral view H left leg I, prolateral view. Scale bars: 0.1mm (A=C); Imm
(D=-H)

dark brown. Abdomen triangular in dorsal view, slightly longer than wide, yellow with
nine transverse black stripes; venter yellow with dozens of white spots medially.
Epigyne (Fig. 2A-C): wider than long, with narrow rim anteriorly and laterally,
concave anteriorly; posterior lip hooked (see arrow in Fig. 2C); copulatory openings nar-
row, located posteriorly; copulatory ducts shorter than spermatheca; spermathecae oval.
Variation. Total length: & 1.75-2.25; 9 8.2-10.80.
Distribution. China (Yunnan).
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Genus Chorizopes O. Pickard-Cambridge, 1871

Chorizoopes O. Pickard-Cambridge, 1871: 738; Tikader 1982: 157; Kallal and Hor-
miga 2019: 473

Type species. Chorizoopes frontalis O. Pickard-Cambridge, 1871 from SrilLanka

Comments. A total of 29 species of Chorizopes are known from China, India,
Pakistan, Sri Lanka, Myanmar, Korea, Japan, and Madagascar. Illustrations indicate
that the following species may belong to other genera: C. calciope (Simon, 1895), C.
kastoni Gajbe & Gajbe, 2004, C. kbandaricus Gajbe, 2005, C. khedaensis Reddy &
Patel, 1993, C. pateli Reddy & Patel, 1993, C. quadrituberculata Roy, Sen, Saha &
Raychaudhuri, 2014, C. rajanpurensis Mukhtar & Tahir, 2013, C. tikaderi Sadana &
Kaur, 1974.

Chorizopes yui sp. nov.
http://zoobank.org/18204F0A-7C55-4B53-BFC7-3074E9C74EGB
Figs 3, 4

Type material. Holotype. & (IZCAS-Ar42512), CHiNa: Yunnan, Xishuangbanna,
Mengla County, Menglun Township, Menglun Nature Reserve, high plantations
near G213 roadside (21°54.12'N, 101°16.93'E, ca 590 m), 24.X1.2009, G. Tang
leg. Paratypes: 18 (1ZCAS-Ar42513), Anogeissus acuminata plantation (approx. 20
years old) (21°53.99'N, 101°16.81'E, ca 610 m), 19.VIIL.2007, G. Zheng leg.; 29
(IZCAS-Ar42514-42515), garbage dump, secondary tropical forest (21°54.38'N,
101°16.82'E, ca 620 m), 23.X1.2009, G. Tang leg.; 13 (IZCAS-Ar42516), Liishi-
lin Forest Park, limestone tropical seasonal rainforest (21°54.56'N, 101°16.86'E, ca
610 m), 29.X1.2009, G. Tang leg.; 19 (IZCAS-Ar42517), secondary tropical for-
est, bamboo plantation along G213 roadside (21°53.82'N, 101°16.99'E, ca 610 m),
3.VIIL.2018, Z. Bai leg.; 14 (IZCAS-Ar42518), Xishuangbanna Tropical Botanical
Garden, site 1 around the dump (21°53.28'N, 101°16.75'E, ca 630 m), 25.1V.2019,
Z. Baileg.; 19 (IZCAS-Ar42519), Xishuangbanna Tropical Botanical Garden, Baihu-
ayuan (21°55.60'N, 101°14.87'E, ca 540 m), 3.V.2019 night, C. Wang leg.

Etymology. The species is named after Dr. Hao Yu, one of the collectors of the
type specimens; noun (name) in genitive case.

Diagnosis. The new species can be distinguished from congeneric species by the:
1) yellowish white abdomen with a dark rhomboid patch; 2) triangular copulatory
openings; 3) translucent, thread-like terminal apophysis; 4) fan-shaped median apo-
physis in prolateral view.

Description. Male (holotype, Figs 3A, B, D, 4D, E). Total length 3.60. Carapace
1.60 long, 1.00 wide. Abdomen 2.00 long, 1.20 wide. Clypeus 0.10 high. Eye sizes
and interdistances: AME 0.13, ALE 0.08, PME 0.10, PLE 0.09, AME-AME 0.13,
AME-ALE 0.45, PME-PME 0.18, PME-PLE 0.35, MOA length 0.33, anterior width
0.35, posterior width 0.35. Leg measurements: 1 3.65 (1.05, 1.30, 0.80, 0.50), II
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Figure 3. Chorizopes yui sp. nov., male palp A, B, D holotype € male paratype IZCAS-Ar42513. A pro-

lateral view B retrolateral view € expanded in lactic acid D apical view. Scale bars: 0.1mm

3.75 (1.05, 1.45, 0.75, 0.50), III 2.25 (0.60, 0.75, 0.45, 0.45), IV 4.15 (1.15, 1.50,
0.90, 0.60). Carapace oval, brown, elevated, cervical groove inconspicuous. Chelicerae
brown, seven promarginal teeth. Endites yellow, labium triangular, brown. Sternum
triangular, yellowish brown, with pale setae. Legs yellow with brown annulations. Ab-
domen cylindrical, with pair of lateral tubercles and two vertically arranged tubercles
posteriorly, grayish yellow with dark rhomboid patch; venter grayish yellow with large,
white patch medially. Spinnerets yellowish brown.

Palp (Fig. 3): paracybium flattened; median apophysis fan-shaped in prolateral
view, with two lamellar spurs (see arrows in Fig. 3C); embolus length about equal to
bulb diameter, curved, slightly flattened; conductor about 4/5 length of bulb diameter
in prolateral view; terminal apophysis translucent, slender, curved, length almost equal
to that of embolus.

Female (paratype IZCAS-Ar42514, Fig. 4A-C, E G). Total length 6.50. Carapace
2.10 long, 1.40 wide. Abdomen 4.70 long, 2.60 wide. Clypeus 0.13 high. Eye sizes



56 Xiaoqi Mi, Shugiang Li/ZooKeys 1072: 49-81 (2021)

Figure 4. Chorizopes yui sp. nov. A=C, F, G female paratype IZCAS-Ar42514 D, E holotype A epi-
gyne, ventral view B ibid., posterior view C vulva, dorsal view D habitus, dorsal view E ibid., lateral view
F ibid., dorsal view G ibid., ventral view. Scale bars: 0.1mm (A=C); Imm (D=G)

and interdistances: AME 0.13, ALE 0.08, PME 0.09, PLE 0.10, AME-AME 0.20,
AME-ALE 0.53, PME-PME 0.25, PME-PLE 0.73, MOA length 0.40, anterior width
0.43, posterior width 0.43. Leg measurements: 1 4.70 (1.35, 1.70, 1.05, 0.60), 11 4.60
(1.35, 1.65, 1.00, 0.60), I1I 3.15 (0.85, 1.10, 0.60, 0.60), IV 5.70 (1.60, 2.15, 1.25,
0.70). Habitus like in male, coloration of abdomen slightly paler.

Epigyne (Fig. 4A—C): about 1.1 times wider than long; scape about four times
wider than long, strongly rebordered; copulatory openings triangular, located posteri-
orly; copulatory ducts short, twisted; spermathecae ovoid, touching each other.
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Variation. Total length: & 2.90-3.60; 9 ¢ 6.00-6.50.
Distribution. China (Yunnan).

Genus Chorizopesoides Mi & Wang, 2018
Chorizopesoides: Mi and Wang 2018: 82

Type species Chorizopes wulingensis Yin, Wang and Xie, 1994 from Hunan, China
Comments. The only two species that have been described in this genus were both
recorded from China (WSC 2021).

Chorizopesoides guoi sp. nov.
http://zoobank.org/18783528-2199-4DDB-9168-3FED612331CA
Figs 5, 6, 20B

Type material. Holotype. &5 (IZCAS-Ar42520), CHiNa: Yunnan, Xishuangbanna,
Mengla County, Menglun Town, Menglun Nature Reserve, primary tropical sea-
sonal rainforest (21°55.04'N, 101°16.50'E, ca 560 m), 22.VIL.2007, G. Zheng leg.
Paratypes: 2339 (1ZCAS-Ar42521-42525), same data as holotype; 19 (IZCAS-
Ar42526), primary tropical seasonal rainforest (21°57.43'N, 101°12.28'E, ca 792 m),
1-15.V1.2007, G. Zheng leg.; 1819 (IZCAS-Ar42527-42528), secondary tropical
seasonal moist forest (21°54.72'N, 101°16.94'E, ca 650 m), 27.VIL.2007, G. Zheng
leg.; 3329 (IZCAS-Ar42529-42533), secondary tropical seasonal moist forest
(21°54.61'N, 101°17.01'E, ca 630 m), 28.VIL.2007, G. Zheng leg.

Other material examined. 19 (IZCAS-Ar42534), Xishuangbanna Tropical Bo-
tanical Garden, eastern part (21°54.07'N, 101°16.36'E, ca 540 m), 16.VIL.2018,
X. Mi leg.; 19 (IZCAS-Ar42535), Xishuangbanna Tropical Botanical Garden, vine
garden (21°55.76'N, 101°15.73'E, ca 490 m), 17.VIL.2018, night, X. Mi leg.; 19
(IZCAS-Ar42536), G213 roadside near 68 km (21°53.82'N, 101°16.79'E, ca 620 m),
27.VIL.2018, X. Mi leg.

Comparative material. Chorizopesoides wulingensis, Holotype @, CHINA: Hu-
nan, Sangzhi County, Nanmuping, 17.XI11.1984, ].E Wang leg. (Fig. 7)

Etymology. The species is named after Professor Guo Zheng, one of the collectors
of the type specimens; noun (name) in genitive case.

Diagnosis. The new species resembles C. wulingensis and C. annasestakovae sp.
nov. in appearance, but females can be distinguished from both by the: 1) copula-
tory ducts spirally coiled vs. circular (Fig. 7C; Mi and Wang, 2018: fig. 3E); 2) pale
abdomen with distinct black stripes vs. dark brown abdomen with indistinct stripes;
3) pale cephalon behind eyes vs. dark cephalon with two small, pale spots (Fig. 7D)
or without spots (Mi and Wang, 2018: fig. 1C). From C. wulingensis by the: 1) scape
shorter than half a spermatheca diameter vs. longer than half a spermatheca diameter
(Fig. 7); 2) median plate narrower than a spermatheca diameter vs. wider than a sper-
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Figure 5. Chorizopesoides guoi sp. nov., holotype, male palp A prolateral view B retrolateral view (embo-
lus broken). Scale bars: 0.1mm

matheca diameter (Fig. 7); it can be distinguished from C. annasestakovae sp. nov. by
the: 1) scape not concave vs. concave (Mi and Wang, 2018: fig. 3D-E); 2) shape of
the epigyne wider than long vs. as long as wide; 3) palpal tibia wider than long with
a cluster of macrosetae vs. as long as tibia width without conspicuous macrosetae (Mi
and Wang, 2018: fig. 3A, C); 4) tegulum triangularly elongated (retrolateral view) vs.
not so elongated and rounder (Mi and Wang, 2018: fig. 3C); 5) median apophysis
slender, two times longer than wide vs. shorter and higher (Mi and Wang, 2018: fig.
3A); 6) tip of the embolus extending beyond the edge of the tegulum (apical view) vs.
shorter embolus, not reaching the edge of the tegulum (Mi and Wang, 2018: fig. 3B).

Description. Male (holotype, Figs 5A, B, 6D, E, 20B). Total length 2.90. Cara-
pace 1.60 long, 0.95 wide. Abdomen 1.65 long, 1.40 wide. Clypeus 0.18 high. Eye
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Figure 6. Chorizopesoides guoi sp. nov. A=C, E, F female paratype IZCAS-Ar42521 D, E holotype
A epigyne, ventral view B ibid., posterior view € vulva, dorsal view D habitus, dorsal view E ibid., lateral
view F habitus, dorsal view G ibid., ventral view. Scale bars: 0.1mm (A=C); Imm (D=G)

sizes and interdistances: AME 0.13, ALE 0.08, PME 0.10, PLE 0.08, AME-AME 0.13,
AME-ALE 0.40, PME-PME 0.25, PME-PLE 0.43, MOA length 0.30, anterior width
0.33, posterior width 0.43. Leg measurements: I 3.41 (0.95, 1.13, 0.80, 0.53), II 3.46
(0.90, 1.15, 0.88, 0.53), III 2.40 (0.70, 0.80, 0.50, 0.40), IV 3.29 (0.95, 1.13, 0.73,
0.48). Carapace rectangular, dark brown, with sparse, pale setae, cervical groove ob-
vious. Chelicerae dark brown, five promarginal teeth. Endites wider than long, dark
brown basally, paler distally, labium wider than long, triangular, dark brown. Sternum
triangular, dark brown, paler medially. Legs yellow with brown annulations. Abdomen
about 1.2 times longer than wide, with three pairs of lateral tubercles and three vertical
caudal tubercles, dorsum grayish black with lots of brown sigilla; venter grayish black.
Spinnerets yellowish brown.

Palp (Figs 5, 20B): tibia with a cluster of macrosetae (approx. 12) distal-dorsally,
macrosetae about 1.5 times length of tibia; median apophysis about 1/2 length of bulb
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diameter in apical view, distal end pointed; embolus extremely long, slender, more than
two times length of bulb diameter; terminal apophysis membranous, equal in length to
embolus; conductor membranous, shorter than median apophysis in prolateral view.

Female (paratype IZCAS-Ar42521, Fig. 6A-C, E, F). Total length 3.55. Carapace
1.75 long, 1.40 wide. Abdomen 2.00 long, 1.75 wide. Clypeus 0.15 high. Eye sizes
and interdistances: AME 0.13, ALE 0.08, PME 0.10, PLE 0.08, AME-AME 0.15,
AME-ALE 0.45, PME-PME 0.25, PME-PLE 0.48, MOA length 0.30, anterior width
0.30, posterior width 0.40. Leg measurements: I 3.31 (0.90, 1.10, 0.78, 0.53), 11 3.19
(0.88, 1.08, 0.75, 0.48), III 2.46 (0.70, 0.83, 0.48, 0.45), IV 3.45 (1.00, 1.25, 0.75,
0.45). Habitus as in male, coloration much paler.

Epigyne (Fig. 6A—C): about two times wider than long, scape shorter than half a
spermatheca diameter; copulatory openings concave, located at lateral side of posterior
surface; copulatory ducts long, coiled 720°; spermathecae globular, touching each other.

Variation. Total length: & 2.55-3.05; 9 3.25-4.85.

Distribution. China (Yunnan).

Chorizopesoides annasestakovae sp. nov.

http://zoobank.org/ DDE89FA3-8775-4EC0-ABDC-05C59F23EG9F

Chorizopesoides wulingensis Mi & Wang, 2018: 82, figs 1A-D, 2A-C, 3A-E (misiden-
tified).

Type material. Holotype. & (TRU), CHiNa: Guizhou, Qiannan, Libo County, Do-
tang Township, Yaosuo Village, Bizuo (25°16.84'N, 108°4.47'E, ca 601 m), 7-8.
VIIL.2013, X. Mi & M. Liao leg. (MXQ20130807). Paratype 19 (TRU), same data
as holotype.

Etymology. The specific name comes from Dr. Anna Sestikovd, who confirmed
the new species; noun (name) in genitive case.

Diagnosis. See Chorizopesoides guoi sp. nov.

Description. See Mi and Wang (2018).

Distribution. China (Guizhou).

Comments. Compared to the holotype of C. wulingensis, the previous description
of C. wulingensis from Libo County, Guizhou by Mi and Wang (2018) refers to C. an-
nasestakovae sp. nov.

Genus Deione Thorell, 1898
Deione Thorell, 1898: 365; Deione Han et al. 2009: 56; Mi et al. 2010: 35.

Type species Deione thoracica Thorell, 1898 from Myanmar
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Figure 7. Chorizopesoides wulingensis, holotype A epigyne, ventral view B ibid., posterior view C vulva,
dorsal view D habitus, dorsal view E ibid., ventral view. Scale bars: 0.1mm (A=C); 1mm (D, E)

Deione cheni sp. nov.
http://zoobank.org/13408A71-9FA3-4B2F-BAAG-1919E989F767
Fig 8

Type material. Holotype. @ (IZCAS-Ar42537), CHiNa: Yunnan, Xishuangbanna,
Mengla County, Menglun Town, Menglun Nature Reserve, secondary tropical sea-
sonal moist forest (21°54.72'N, 101°16.94'E, ca 650 m), 16-31.V.2007, G. Zheng



62 Xiaoqi Mi, Shugiang Li/ZooKeys 1072: 49-81 (2021)

Figure 8. Deione cheni sp. nov., holotype A epigyne, ventral view B ibid., posterior view € ibid., anterior
view D habitus, dorsal view E ibid., ventral view F ibid., lateral view. Scale bars: 0.1mm (A=C); 1mm
(D-F)

leg. Paratypes: 13 (IZCAS-Ar42538), Xishuangbanna Tropical Botanical Garden, site
3 around the dump (21°54.34'N, 101°16.79'E, ca 620 m), 2.V.2019, Y. Tong leg.; 29
(IZCAS-Ar42539-42540), Xishuangbanna Tropical Botanical Garden, low bamboo
plantation (21°53.89'N, 101°16.72'E, ca 570 m), 12.V.2019, Z. Bai leg.

Etymology. The species is named after Mr. Zhigang Chen, one of the collectors of
the type specimens; noun (name) in genitive case.

Diagnosis. The new species resembles congeneric species in habitus, but it can be dis-
tinguished by the: 1) rhomboid epigyne in ventral view; 2) short, ventrally directed scape.
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Description. Female (holotype, Fig. 8). Total length 6.30. Carapace 2.50 long,
1.70 wide. Abdomen 4.20 long, 2.50 wide. Clypeus 0.13 high. Eye sizes and interd-
istances: AME 0.15, ALE 0.10, PME 0.15, PLE 0.10, AME-AME 0.15, AME-ALE
0.53, PME-PME 0.20, PME-PLE 0.58, MOA length 0.43, anterior width 0.35, pos-
terior width 0.45. Leg measurements: I 5.00 (1.50, 1.75, 1.15, 0.60), II 4.95 (1.50,
1.75, 1.15, 0.55), III 3.45 (1.05, 1.25, 0.65, 0.50), IV 4.90 (1.45, 1.80, 1.10, 0.55).
Carapace rectangular, dark brown, with dense, pale setae. Chelicerae dark brown, 5
promarginal teeth, 3 retromarginal teeth. Endites dark brown basally, yellow distally,
labium triangular, dark brown. Sternum heart-shaped, dark brown. Legs yellow with
brown annulations. Abdomen oval, about 1.7 times longer than wide, with two pairs
of long setae anteriorly, two pairs of vertically arranged lateral tubercles posteriorly,
dorsum yellow with big grayish brown patch, patch with two pairs of constrictions
laterally; venter yellow with big grayish black patch medially. Spinnerets grayish yellow,
at posterior 1/3 of the abdomen.

Epigyne (Fig. 8A—C): rhomboid, about 1.8 times wider than long, with very short,
ventrally directed scape; copulatory openings arcuate; copulatory ducts shorter than a
spermatheca length; spermathecae elliptical, touching each other.

Variation. Total length: 9 4.90-6.30.

Distribution. China (Yunnan).

Deione yangi sp. nov.
http://zoobank.org/9FDA3B40-D368-413A-907F-2049B62DD19B
Figs 9, 10, 20C

Type material. Holotype. @ (IZCAS-Ar42541), CHiNa: Yunnan, Xishuangbanna,
Mengla County, Menglun Town, Menglun Nature Reserve, primary tropical season-
al rainforest (21°57.67'N, 101°11.89'E, ca 790 m), 19-26.1V.2007, G. Zheng leg.
Paratypes: 19 (IZCAS-Ar42542), primary tropical seasonal rainforest (21°57.59'N,
101°12.21'E, ca 822 m, ca 730 m), 8.VIIL.2007, G. Zheng leg.; 18 (IZCAS-Ar42543),
Xishuangbanna Tropical Botanical Garden, Edible Botanical Garden (21°54.95'N,
101°16.18'E, ca 610 m), 28.VII.2018, X. Mi leg.

Comparative material. Deione lingulata, 5839, CaiNa: Hainan, Wuzhishan City,
Shuiman Township, Wuzhishan National Natural Reserve (18°54.17'N, 109°41.14'E,
ca 870 m), 10.VIIL.2020, X. Mi leg. (Figs 11, 20D)

Etymology. The species is named after Mr. Yuanfa Yang (Tongren, Guizhou), one
of the collectors of the type specimens; noun (name) in genitive case.

Diagnosis. The new species resembles D. /ingulata in habitus and copulatory or-
gans but differs in the: 1) thin terminal apophysis, distally the width about equal to
the nearest part of embolus vs. terminal apophysis thick, distally about four times
wider than the nearest part of the embolus (Han et al. 2009: figs. 12, 13; Fig. 11); 2)
median apophysis elliptical in prolateral view vs. triangular (Han et al. 2009: fig. 12;
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Figure 9. Deione yangi sp. nov., male paratype IZCAS-Ar42543, palp A prolateral view B retrolateral
view C left leg II, prolateral view. Scale bars: 0.1mm (A, B); 1mm (C)

Fig. 11A); 3) scape triangular vs. almost rectangular (Han et al. 2009: figs. 8, 9); and
4) spermathecae touching vs. less than their diameter apart (Han et al. 2009).
Description. Female (holotype, Fig. 10A-C, E G). Total length 6.20. Carapace
2.70 long, 2.00 wide. Abdomen 3.90 long, 2.40 wide. Clypeus 0.10 high. Eye sizes
and interdistances: AME 0.18, ALE 0.13, PME 0.15, PLE 0.13, AME-AME 0.15,
AME-ALE 0.50, PME-PME 0.20, PME-PLE 0.53, MOA length 0.48, anterior width
0.45, posterior width 0.45. Leg measurements: 1 7.70 (2.20, 2.70, 1.90, 0.90), 11 6.90
(2.00, 2.40, 1.70, 0.80), III 4.60 (1.50, 1.60, 0.90, 0.60), IV 6.50 (1.90, 2.30, 1.60,
0.70). Carapace almost rectangular, brown, with pale setae, cervical groove obvious.
Chelicerae brown, five promarginal teeth, four retromarginal teeth in left chelicera, and
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Figure 10. Deione yangi sp. nov. A=C, F, G holotype D, E male paratype IZCAS-Ar42543 A epigyne,
ventral view B ibid., posterior view € vulva, anterior view D habitus, dorsal view E ibid., lateral view F
ibid., dorsal view G ibid., ventral view. Scale bars: 0.1mm (A=C); Imm (D-G)

five in right. Endites almost rectangular, brown, paler distally, labium triangular, dark
brown, paler distally. Sternum heart-shaped, brown. Legs yellow with brown annula-
tions. Abdomen oval, about 1.6 times longer than wide, with two pairs of long setae
anteriorly, two pairs of vertically arranged lateral tubercles posteriorly, dorsum grayish
brown with yellow patches anteriorly and laterally; venter yellow, big gray patch medi-
ally. Spinnerets grayish yellow, at posterior 1/4 of the abdomen.

Epigyne (Fig. 10A—C): about 1.8 times wider than long; scape triangular; copula-
tory openings arcuate, situated laterally in posterior view; copulatory ducts longer than
spermatheca, arcuate in posterior view; spermathecae globular, touching each other.

Male (paratype IZCAS-Ar42543, Figs 9, 10D, E, 20C). Total length 3.75. Cara-
pace 1.70 long, 1.35 wide. Abdomen 2.15 long, 1.30 wide. Clypeus 0.10 high. Eye
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Figure | 1. Deione lingulata, male palp A prolateral view B retrolateral view. Scale bars: 0.1mm

sizes and interdistances: AME 0.15, ALE 0.10, PME 0.13, PLE 0.10, AME-AME
0.10, AME-ALE 0.23, PME-PME 0.15, PME-PLE 0.28, MOA length 0.38, anterior
width 0.35, posterior width 0.38. Leg measurements: I 4.25 (1.25, 1.60, 0.95, 0.45),
11 4.35 (1.45, 1.50, 0.95, 0.45), 111 2.75 (0.90, 0.95, 0.55, 0.35), IV 3.85 (1.15, 1.45,
0.85, 0.40). Habitus similar to that of female, but tibia II expanded, with 3 macrosetae
and chelicerae with 3 retromarginal teeth.

Palp (Figs 9A, B, 20C): median apophysis elliptical in prolateral view, pointed
distally; embolus slender, longer than bulb diameter; conductor as wide as bulb, mem-
branous; terminal apophysis spinose, slightly curved.

Variation. Total length: 9 6.20-6.50.

Distribution. China (Yunnan).
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Genus Hypsosinga Ausserer, 1871
Hypsosinga Ausserer, 1871: 823; Yin et al. 1997: 306; Yin et al. 2012: 689.

Type species. Singa sanguinea C.L. Koch, 1844 from Germany

Hyposinga pulla sp. nov.
http://zoobank.org/6155FE2D-7491-4983-8BFA-A763F57926F4
Figs 12, 13, 21A

Type material. Holotype & (IZCAS-Ar42544), CuiNa: Yunnan, Xishuangbanna,
Mengla County, Menglun Town, Menglun Nature Reserve, G213 roadside, Mannanx-
ing (21°53.49'N, 101°17.11'E, ca 560 m), 9.VII1.2018, C. Wang leg. Paratypes: 19
(IZCAS-Ar42545), same data as holotype; 2 (IZCAS-Ar42546-42547), along G213
roadside (21°53.55'N, 101°16.39'E, ca 540 m), 3.VII1.2018, C. Wang leg.

Etymology. The specific name comes from the Latin word “pulla”, meaning “dark,
blackish”, referring to the dark markings at the eye region; adjective.

Diagnosis. The new species resembles H. pygmaea (Sundevall, 1831) in habitus
but can be distinguished by the: 1) enlarged copulatory ducts vs. not enlarged (Yin et
al. 1997: fig. 215d); 2) spermathecae touching vs. separated from each other (Yin et
al. 1997: fig. 215d); 3) embolus length less than half a bulb diameter vs. longer than a
bulb diameter (Yin et al. 1997: fig. 215e).

Description. Male (holotype, Figs 12, 13C, D, 21A). Total length 2.40. Carapace
1.10 long, 0.95 wide. Abdomen 1.45 long, 0.90 wide. Clypeus 0.18 high. Eye sizes
and interdistances: AME 0.06, ALE 0.04, PME 0.05, PLE 0.04, AME-AME 0.05,
AME-ALE 0.03, PME-PME 0.05, PME-PLE 0.05, MOA length 0.15, anterior width
0.15, posterior width 0.15. Leg measurements: 1 4.00 (1.30, 1.35, 0.90, 0.45), 11 3.60
(1.15, 1.20, 0.85, 0.40), III 2.45 (0.80, 0.75, 0.55, 0.35), IV 3.75 (1.25, 1.20, 0.90,
0.40). Carapace pear shaped, yellow with black patch in eye region, cervical groove
inconspicuous, fovea transverse. Chelicerae yellow, three promarginal teeth, two retro-
marginal teeth. Endites yellow, labium triangular, yellow. Sternum yellow, with sparse,
dark setae. Legs grayish brown, without annulations. Abdomen elliptical, about 1.6
times longer than wide, covered with pale setae, dorsum black-brown; venter grayish
brown with big black patch medially. Spinnerets brownish black.

Palp (Figs 12, 21A): with two patellar bristles; median apophysis hooked; embolus
shorter than half bulb diameter, covered by terminal and subterminal apophyses in
prolateral view; conductor thick; terminal apophysis membranous, bifurcated distally;
subterminal apophysis membranous, width almost same as width of terminal apophy-
sis; tegulum extended near conductor.

Female (paratype IZCAS-Ar42545, Fig. 13A, B, E, F). Total length 2.75. Cara-
pace 1.00 long, 0.90 wide. Abdomen 2.00 long, 1.45 wide. Clypeus 0.13 high. Eye
sizes and interdistances: AME 0.06, ALE 0.04, PME 0.05, PLE 0.04, AME-AME
0.05, AME-ALE 0.05, PME-PME 0.05, PME-PLE 0.05, MOA length 0.15, anterior
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Figure 13. Hyposinga pulla sp. nov. A, B, E, F female paratype IZCAS-Ar42545 C, D holotype A epi-
gyne, anterior view B ibid., posterior view € habitus, dorsal view D ibid., lateral view E ibid., dorsal view

F ibid., ventral view. Scale bars: 0.1mm (A, B); Imm (C=F)
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width 0.15, posterior width 0.18. Leg measurements: I 3.10 (0.95, 1.05, 0.70, 0.40),
112.85 (0.90, 0.95, 0.65, 0.35), I1I 2.00 (0.65, 0.60, 0.45, 0.30), IV 3.00 (1.00, 0.95,
0.70, 0.35). Habitus similar to that of male; carapace a little darker.

Epigyne (Fig. 13A, B): pentagonal in anterior view, about 1.4 times wider than
long; copulatory openings laterally situated; copulatory ducts large, wider than sper-
matheca diameter at its widest part; spermathecae globular, touching each other.

Variation. Total length: 33 2.40-2.55.

Distribution. China (Yunnan).

Genus Mangora O. Pickard-Cambridge, 1889
Mangora O. Pickard-Cambridge, 1889: 14; Yin et al. 1997: 329; Yin et al. 2012: 711.

Type species Mangora picta O. Pickard-Cambridge, 1889 from Guatemala

Comments. Unlike the typical Mangora species, the two new species in this region
both lack trichobothria on the tibia of leg III, but they have some common characters
with Mangora, such as the cephalic region of the carapace is about half the maximum
width of the thoracic region, the palp with one patellar bristle, and the abdomen oval;
thus, we place the two species in Mangora, and phylogenetic analysis will focus on the
placement of the two new species.

Mangora baii sp. nov.
http://zoobank.org/9A48184E-E930-4177-B798-24A4B8A7C89D
Figs 14, 15, 21B

Type material. Holotype. & (IZCAS-Ar42548) CHina: Yunnan, Xishuangbanna,
Mengla County, Menglun Town, Menglun Nature Reserve, secondary forest near moun-
tain top (21°57.92'N, 101°12.05'E, ca 820 m), 2.V1.2013, Z. Zhao & Z. Chen leg.
Paratypes: 19 (IZCAS-Ar42549), secondary tropical seasonal rainforest (21°55.43'N,
101°16.44'E, ca 600 m), 19-25.X1.2006, G. Zheng leg.; 19 (IZCAS-Ar42550), sec-
ondary tropical seasonal moist forest (21°54.72'N, 101°16.94'E, ca 650 m), 19-25.
X1.2006, G. Zheng leg.; 19 (IZCAS-Ar42551), secondary tropical seasonal rainforest
(21°55.43'N, 101°16.44'E, ca 600 m), 5-12.XI1.2006, G. Zheng leg.; 19 (IZCAS-
Ar42552), secondary tropical seasonal rainforest (21°55.43'N, 101°16.44'E, ca 600
m), 19-26.V.2007, G. Zheng leg.; 1 & (IZCAS-Ar42638), G213 roadside, secondary
forest (21°54.46'N, 101°16.76'E, ca 640 m), 20.X1.2009, G. Tang leg.; 18 (IZCAS-
Ar42562), secondary forest near mountain top (21°57.96'N, 101°12.19'E, ca 787 m),
31.V.2013, Z. Zhao & Z. Chen leg.; 13 (IZCAS-Ar42639), secondary tropical forest,
around garbage dump (21°54.17'N, 101°16.87'E, ca 609 m), 31.VI1.2018, Z. Bai leg.

Etymology. The species is named after Mr. Zilong Bai, one of the collectors of the
type specimens; noun (name) in genitive case.
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C -

Figure 14. Mangora baii sp. nov., male palp A, B holotype € male paratype IZCAS-Ar42638 A prolat-

eral view B ventral view C expanded in lactic acid. Scale bars: 0.1mm

Diagnosis. The new species differs from congeners by the following combination of
characters: 1) the abdomen has two transverse patches and one longitudinal patch; 2) the
scape is distally widened; 3) the conductor is long, membranous, and basally trifurcated.

Description. Male (holotype, Figs 14A, B, 15C, D, 21B). Total length 2.60. Cara-
pace 1.40 long, 1.10 wide. Abdomen 1.55 long, 1.00 wide. Clypeus 0.08 high. Eye
sizes and interdistances: AME 0.10, ALE 0.05, PME 0.08, PLE 0.05, AME-AME
0.08, AME-ALE 0.03, PME-PME 0.03, PME-PLE 0.10, MOA length 0.30, anterior
width 0.30, posterior width 0.20. Leg measurements: 1 5.00 (1.35, 1.75, 1.30, 0.60),
II 4.40 (1.30, 1.40, 1.15, 0.55), 111 2.95 (0.90, 0.95, 0.70, 0.40), IV 4.20 (1.30, 1.35,
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&

Figure 15. Mangora baii sp. nov. A, B, E, F female paratype IZCAS-Ar42551 C, D holotype A epigyne,
ventral view B ibid., posterior view € habitus, dorsal view D ibid., lateral view E ibid., dorsal view F ibid.,
ventral view. Scale bars: 0.1mm (A, B); Imm (C-F)

1.05, 0.50). Carapace pear shaped, grayish yellow with black eye region, cervical groove
slightly obvious, fovea longitudinal. Chelicerae yellow, four promarginal and three ret-
romarginal teeth. Endites grayish yellow, with a protuberance on anterior lateral mar-
gin, labium grayish brown, paler distally. Sternum heart-shaped, grayish yellow. Legs
yellow without annulations, femur II with furrow basally, tibia II with 13 macrosetae.
Abdomen oval, about 1.55 times longer than wide, with long, grayish brown setae,
dorsum grayish yellow with two transverse and one longitudinal grayish brown patch;
venter grayish yellow, big grayish brown patch medially. Spinnerets grayish yellow.
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Palp (Figs 14, 21B): with one patellar bristle; cymbium tip with cluster of long
macrosetae, median apophysis about a bulb diameter width, lamellar; embolus tapered
and slightly curved; conductor length about equal to bulb diameter, membranous, ba-
sally trifurcated; terminal apophysis extremely large, almost triangular in apical view;
subterminal apophysis with 3 protuberances.

Female (paratype IZCAS-Ar42551, Fig. 15A, B, E, F). Total length 3.85. Cara-
pace 1.75 long, 1.20 wide. Abdomen 2.65 long, 2.30 wide. Clypeus 0.05 high. Eye
sizes and interdistances: AME 0.13, ALE 0.10, PME 0.13, PLE 0.10, AME-AME
0.08, AME-ALE 0.05, PME-PME 0.03, PME-PLE 0.10, MOA length 0.35, anterior
width 0.30, posterior width 0.25. Leg measurements: 1 6.10 (1.75, 2.10, 1.55, 0.70),
I15.15 (1.50, 1.75, 1.25, 0.65), 111 3.50 (1.10, 1.15, 0.75, 0.50), [V 5.15 (1.55, 1.75,
1.25, 0.60). Habitus similar to that of male but endites without protuberances.

Epigyne (Fig. 15A, B): wider than long, with distally widened scape; copulatory
openings narrow, situated at anterior base of lateral lobes; copulatory ducts slightly
curved; spermathecae globular, touching each other.

Variation. Total length: & 2.45-2.60; 9 9 3.10-3.85.

Distribution. China (Yunnan).

Mangora cephala sp. nov.
http://zoobank.org/580FDD3B-F09F-48B5-BB94-A59A9A8B6483
Figs 16, 17, 21C

Type material. Holotype. & (IZCAS-Ar42553), CHina: Yunnan, Xishuangban-
na, Mengla County, Menglun Town, Menglun Nature Reserve, secondary tropical
montane evergreen broad-leaf forest (21°57.53'N, 101°12.30'E, ca 860 m), 19-25.
X1.2006, G. Zheng leg. Paratypes: 13 (IZCAS-Ar42554), rubber plantation (ap-
prox. 20 years old) (21°54.65'N, 101°16.26'E, ca 570 m), 16-24.I1X.2006, G. Zheng
leg.; 14 (IZCAS-Ar42555), rubber plantation (approx. 20 years old) (21°54.67'N,
101°16.26'E, ca 570 m), 5-12.X.2006, G. Zheng leg.; 19 (IZCAS-Ar42556), rubber
plantation (approx. 20 years old) (21°54.46'N, 101°15.98'E, ca 570 m), 5-12.X.2006,
G. Zheng leg.; 19 (IZCAS-Ar42557), rubber plantation (approx. 20 years old)
(21°54.68'N, 101°16.32'E, ca 590 m), 5-12.X.2006, G. Zheng leg.; 19 (IZCAS-
Ar42558), rubber plantation (approx. 20 years old) (21°54.46'N, 101°15.98'E, ca
570 m), 19-25.X.2006, G. Zheng leg.; 19 (IZCAS-Ar42559), rubber plantation (ap-
prox. 20 years old) (21°54.67'N, 101°16.26'E, ca 570 m), 19-26.V.2007, G. Zheng
leg.; 18 (IZCAS-Ar42560), rubber plantation (approx. 20 years old) (21°54.463'N,
101°15.978'E, 569 m), 5-12.X11.2006, G. Zheng leg.; 18 (IZCAS-Ar42561), Para-
michelia baillonii plantation (approx. 20 years old) (21°54.77'N, 101°16.04'E, ca 560
m), 19-25.X11.2006, G. Zheng leg.

Etymology. The specific name is derived from the Greek word “cephalos”, mean-
ing “head”, referring to the brown cephalic region of the females; noun in apposition.
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—SA

Figure 16. Mangora cephala sp. nov., holotype, male palp A prolateral view B retrolateral view. Scale
bars: 0.1mm

Diagnosis. The new species differs from congeneric species by the following com-
bination of characters: 1) a somewhat rectangular scape; 2) a slender, translucent sub-
terminal apophysis; 3) a tegular protuberance near the base of the median apophysis;
and 4) an abdomen with an arcuate brown patch anteriorly and four transverse brown
patches medially and posteriorly.

Description. Male (holotype, Figs 16, 17D, E, 21C). Total length 2.40. Carapace
1.20 long, 0.90 wide. Abdomen 1.20 long, 1.00 wide. Clypeus 0.10 high. Eye sizes and
interdistances: AME 0.10, ALE 0.05, PME 0.08, PLE 0.05, AME-AME 0.08, AME-
ALE 0.05, PME-PME 0.03, PME-PLE 0.08, MOA length 0.23, anterior width 0.25,
posterior width 0.20. Leg measurements: 1 3.90 (1.20, 1.25, 1.00, 0.45), 1 3.30 (1.00,
1.00, 0.90, 0.40), III 2.20 (0.70, 0.70, 0.50, 0.30), IV 3.40 (1.05, 1.05, 0.90, 0.40).
Carapace pear shaped, dark brown, cervical groove inconspicuous, fovea longitudinal.
Chelicerae dark brown, four promarginal teeth, two retromarginal teeth. Endites and
labium dark brown, paler distally. Sternum dark brown with indistinct, darker radial
patches. Legs yellow without annulations, femur II with a furrow basally, tibia II with
seven macrosetae. Abdomen elliptical, about 1.2 times longer than wide, dorsum yel-
low with arcuate brown patch anteriorly, four transverse brown patches medially and
posteriorly; venter grayish yellow laterally, brown medially. Spinnerets grayish yellow.
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Figure 17. Mangora cephala sp. nov. A=C, F, G female paratype IZCAS-Ar42559, D, E holotype A epi-
gyne, ventral view B ibid., posterior view € vulva, dorsal view D habitus, dorsal view E ibid., lateral view

F ibid., dorsal view G ibid., ventral view. Scale bars: 0.1mm (A=C); Imm (D=G)

Palp (Figs 16, 21C): with one patellar bristle; tegulum with a protuberance near base
of median apophysis (see arrow in Fig. 16A); median apophysis hooked; embolus thick,
slightly curved; conductor membranous, as long as embolus in prolateral view; terminal
apophysis prominent, pointed distally; subterminal apophysis slender, translucent.

Female (paratype IZCAS-Ar42559, Figs 17A-C, E G). Total length 2.45. Cara-
pace 1.10 long, 0.85 wide. Abdomen 1.60 long, 1.10 wide. Clypeus 0.03 high. Eye
sizes and interdistances: AME 0.10, ALE 0.05, PME 0.08, PLE 0.05, AME-AME
0.08, AME-ALE 0.05, PME-PME 0.05, PME-PLE 0.08, MOA length 0.23, anterior
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width 0.23, posterior width 0.20. Leg measurements: 1 4.10 (1.25, 1.30, 1.05, 0.50),
I13.65 (1.15, 1.20, 0.90, 0.40), I1I 2.30 (0.75, 0.70, 0.50, 0.35), IV 3.50 (1.05, 1.10,
0.90, 0.45). Habitus similar to that of male but thoracic region yellow.

Epigyne (Fig. 17A-C) about 1.1 times wider than long; with rectangular scape;
copulatory openings wide, covered by lateral part of scape in ventral view; copulatory
ducts long, slightly curved, covered by posterior plate in posterior view; spermathecae
ovoid, separated from each other.

Variation. Total length: & 2.10-2.40; @ 9 2.10-2.60.

Distribution. China (Yunnan).

Genus Milonia Thorell, 1890
Milonia Thorell, 1890: 180.

Type species Milonia brevipes Thorell, 1890 from Sumatra

Comments. This is a poorly understood genus; all seven species were described
more than 100 years ago. Among them, two are known from juveniles, five are known
from a single-sex, and no high-quality illustrations of the genitalia were provided in
the published literature. We place the new species in this genus based on the following
characters: large chelicerae, cylindrical abdomen in female, relatively stout legs, spin-
nerets of the female situated at the middle part of the ventral abdomen.

Milonia gemella sp. nov.
http://zoobank.org/E7B60026-AE2F-4931-9A75-F1FA4EGE23EA
Figs 18, 19, 21D

Type material. Holotype. 5 (IZCAS-Ar42562), CHiNa: Yunnan, Xishuangbanna,
Mengla County, Menglun Town, Menglun Nature Reserve, G213 roadside, secondary
forest (21°54.46'N, 101°16.76'E, ca 640 m), 20.X1.2009, G. Tang leg. Paratypes: 19
(IZCAS-Ar42563), primary tropical seasonal rainforest (21°57.53'N, 101°12.38'E, ca
899 m), 4-11.V.2007, G. Zheng leg.; 19 (IZCAS-Ar42564), secondary tropical for-
est, around garbage dump (21°54.17'N, 101°16.87'E, ca 609 m), 31.VI1.2018, Z. Bai
leg.; 19 (IZCAS-Ar42565), Xishuangbanna Tropical Botanical Garden, site 1 around
the dump (21°54.28'N, 101°16.75'E, ca 630 m), 25.IV.2019, Z. Bai leg.

Etymology. The specific name is from the Latin word “gemella”, meaning “twin
born”, referring to the two white spots on the abdomen ventrally; adjective.

Diagnosis. The new species can be distinguished from congeneric species by the
following combination of characters: 1) dorsal abdomen with two pairs of small gray-
ish brown spots medially and a large dark brown spot posteriorly; 2) triangular scape;
and 3) prominent and bifurcated terminal apophysis.
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Figure 18. Milonia gemella sp. nov., holotype, male palp A prolateral view B ventral view. Scale bars: 0.1mm

Description. Male (holotype, Figs 18, 19D, E, 21D). Total length 6.30. Carapace
2.90 long, 1.80 wide. Abdomen 3.40 long, 2.10 wide. Clypeus 0.13 high. Eye sizes
and interdistances: AME 0.15, ALE 0.10, PME 0.13, PLE 0.10, AME-AME 0.23,
AME-ALE 0.28, PME-PME 0.05, PME-PLE 0.38, MOA length 0.38, anterior width
0.40, posterior width 0.28. Leg measurements: 1 7.30 (2.10, 2.75, 1.55, 0.90), I1 6.75
(1.90, 2.40, 1.60, 0.85), 111 4.00 (1.25, 1.40, 0.75, 0.60), IV 5.30 (1.65, 2.00, 1.05,
0.60). Carapace elliptical, brown, with pale setae, cervical groove obvious. Chelicerae
brown, four promarginal teeth, three retromarginal teeth. Endites brown, paler distal-
ly, labium triangular, brown, paler distally. Sternum pentagonal, dark brown with pale
setae. Legs brown, without annulations. Abdomen elliptical, about 1.6 times longer
than wide, covered with dark setae, dorsum yellow with two pairs of grayish brown
spots medially, big black spot posteriorly; venter yellowish brown with pair of white
spots. Spinnerets yellowish brown, at posterior 1/3 of the abdomen.

Palp (Figs 18, 21D): with two patellar bristles; median apophysis stout at base,
with a slender, curved spur; embolus broad at base, abruptly tapered to a fine tip;
conductor broad at base, tapering to a narrow tip; terminal apophysis extremely large,
strongly sclerotized, bifurcated distally, one long, narrow branch, one shorter, wider
branch (see arrows in Fig. 21D).

Female (paratype IZCAS-Ar42564, Fig. 19A-C, E, G). Total length 9.40. Cara-
pace 3.60 long, 2.40 wide. Abdomen 6.10 long, 3.10 wide. Clypeus 0.23 high. Eye siz-
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Figure 19. Milonia gemella sp. nov. A-C, F, G female paratype IZCAS-Ar42564 D, E holotype A epi-
gyne, ventral view B ibid., posterior view € vulva, dorsal view D habitus, dorsal view E ibid., lateral view

F ibid., dorsal view G ibid., ventral view. Scale bars: 0.1 mm (A=C); Imm (D=G)
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Figure 20. Male palps, apical view A Acusilas rongi sp. nov. B Chorizopesoides guoi sp. nov. C Deione yangi
sp. nov. D Deione lingulara. Scale bars: 0.1
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Figure 21. Male palps, apical view A Hyposinga pulla sp. nov. B Mangora baii sp. nov. C Mangora cephala
sp. nov. D Milonia gemella sp. nov. Scale bars: 0.1mm

es and interdistances: AME 0.18, ALE 0.10, PME 0.13, PLE 0.10, AME-AME 0.15,
AME-ALE 0.45, PME-PME 0.05, PME-PLE 0.63, MOA length 0.45, anterior width
0.45, posterior width 0.28. Leg measurements: I 8.45 (2.40, 3.05, 2.05, 0.95), I1 7.55
(2.10, 2.85, 1.75, 0.85), III 4.20 (1.00, 1.75, 0.85, 0.60), IV 6.40 (1.95, 2.50, 1.25,
0.70). Habitus similar to that of male but abdomen about two times longer than wide.

Epigyne (Fig. 19A—C) about two times wider than long; short, triangular scape,
flanked by round copulatory openings; copulatory ducts shorter than a spermatheca
diameter; spermathecae globular, touching each other.

Variation. Total length: ¢ 9.20-9.40.

Distribution. China (Yunnan).
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Abstract

We describe a new species of the newt genus Tylototriton from Umphang Wildlife Sanctuary, Tak Prov-
ince, western Thailand based on molecular and morphological evidence and named here as Zjlorotriton
umphangensis sp. nov. The new species is assigned to the subgenus Zjlorotriton and differs from other spe-
cies in having dark-brown to blackish-brown body and limbs, truncate snout, prominent antero-medial
ends of the expansion of the dentary bones, laterally protruding quadrate regions, indistinct and small rib
nodules, a well-segmented vertebral ridge, and rough dorsolateral bony ridges, which are steeper anterior,
and curved medially at the posterior ends. The molecular data show that Tylototriton umphangensis sp.
nov. differs from 77 uyenoi sensu stricto by a 5% genetic sequence divergence of the mitochondrial NADH
dehydrogenase subunit 2 region gene. The new species and 7. uyenoi are both endemic to Thailand,
distributed along the Northwest Thai (Dawna) Uplands of Indochina. To clarify the species boundary
between Tjlototriton umphangensis sp. nov. and T. uyenoi, additional field research is needed in adjacent
areas. Ijlototriton umphangensis sp. nov. is restricted to evergreen hill forests in Umphang Wildlife Sanc-
tuary. We suggest that the new species should be classified as Endangered (EN) in the IUCN Red List.

Copyright Pomchote P. et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

The salamandrid genus Zjlototriton Anderson, 1871, commonly known as crocodile
newts, includes 32 nominal species ranging across eastern Himalaya, eastern Nepal,
northern India, Bhutan, Myanmar, central to southern China (including Hainan is-
land), and southwards through Laos to Thailand and Vietnam (Hernandez 2016; Ber-
nardes et al. 2020; Pomchote et al. 2020a, 2020b; Poyarkov et al. 2021a). Outside of
breeding season, all known species are terrestrial and micro-endemic, regarded mostly
as niche specialists that are generally found at middle to high elevations in subtropical,
moist, forested environments. These provide a relatively narrow thermal range (15-24.0
°C) with a high annual rainfall, especially during the monsoon season, which ensures fa-
vorable breeding conditions and survival of Zjlototriton species (Hernandez et al. 2018).

The genus is subdivided into three subgenera, Tjlototriton, Yaotriton, and Liang-
shantriton (e.g., Dubois and Raffaélli 2009; Fei et al. 2012; Nishikawa et al. 2013a,
2013b; Phimmachak et al. 2015; Wang et al. 2018; Poyarkov et al. 2021a) and includes
several, as yet, unnamed taxa, which contain cryptic species that are morphologically
difficult to distinguish (Hernandez 2016; Poyarkov et al. 2021a). Recent studies have
provided a better understanding of the ecology, biology, taxonomy, phylogenetic rela-
tionships, and conservation of these endangered species that have been highly harvest-
ed in recent years throughout South-east Asia (Phimmachak et al. 2015; Hernandez
et al. 2018; Wang et al. 2018; Bernardes et al. 2020; Pomchote et al. 2020a, 2020b;
Poyarkov et al. 2021a). Several recent phylogenetic studies have also revealed the pres-
ence of undescribed cryptic lineages, which actually might represent independent spe-
cies, in South-east Asia, especially in the Indochina region (Wang et al. 2018; Zaw et
al. 2019; Bernardes et al. 2020; Pomchote et al. 2020a, 2020b; Poyarkov et al. 2021a).

To our knowledge, Thailand contains five Zjlototriton species (Nishikawa et al.
2013a; Le et al. 2015; Pomchote et al. 2020a, 2020b). They are distributed allopatri-
cally in high mountainous areas at altitudes above 1,000 m mean sea level throughout
the northern (7. verrucosus, 1. uyenoi, T. anguliceps, and 1. phukhaensis), northeastern
(1" panhai), and western (1. uyenoi) regions (Hernandez and Pomchote 2020a, 2020b,
2020¢; Pomchote et al. 2020a, 2020b). Recent field surveys recorded several new 7j-
lototriton populations distributed in the western region of Thailand, where the south-
ernmost record in Asia of the genus was recorded (Hernandez and Pomchote 2020c).
These populations were previously identified as 7. #yenoi according to their morpho-
logical appearance and distribution, and they range from the Daen Lao and Thanon
Thong Chai Ranges, southwards to the Dawna Range (Hernandez 2016, 2017; Her-
nandez et al. 2019).

However, according to Hernandez (2016), these newly found 7. uyenoi popula-
tions show different phenotypes and an allopatric distribution in scattered and sepa-
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rated mountainous areas, resulting in the recent description of 77 phukhbaensis by Pom-
chote et al. (2020b). Moreover, the limited number of specimens examined in previous
studies (Hernandez 2016, 2017; Hernandez et al. 2019; Hernandez and Pomchote
2020c), lack any detailed morphological examination and molecular analysis leading
to the question of the taxonomic status of these populations.

As polymorphic species provide an opportunity to examine the role of isolation
in populations that may contribute to the process of divergence, we assessed the west-
ern populations of Zjylototriton species in the Umphang Wildlife Sanctuary (UPWS),
Tak Province, which is located through the Dawna Range in western Thailand. This
divergent population was discovered several years ago (Hernandez 2016; Hernandez
et al. 2019). The molecular and morphological evidence indicate that the crocodile
newt specimens from UPWS belong to a lineage distinct from the known Zjlorotriton
species. As a consequence, we describe the UPWS newts as a new species, Tjlototriton
umphangensis sp. nov., and discuss its taxonomic relationships, distribution, and im-
plications for conservation.

Materials and methods
Sampling

The field survey was performed on 19 June 2021 at UPWS, Tak Province, western
Thailand (Fig. 1) using the visual encounter survey method (Heyer et al. 1994). Four
specimens were found in a small pond that drains into a stream. The pond was sur-
rounded by hill evergreen forest and located on the mountain at an elevation of ap-
proximately 1,150 m a.m.s.l. (above mean sea level). Specimens of Tylototriton were
caught by hand and kept in plastic boxes for examination. The biological and physical
parameters of their habitats were recorded.

All four newts were checked for sex and maturity using the cloacal characters
(Pomchote et al. 2008) and were subsequently sexed as breeding males. All specimens
were used for molecular and morphological analyses.

Live specimens were anesthetized by immersion in a solution of tricaine methane
sulfonate (MS-222; 5 g/L) for about 5 min (Pomchote et al. 2020a), euthanized by a
solution of chloretone (Heyer et al. 1994), and then measured for morphometrics and
body weight (BW), as detailed below. The tissue samples (liver) of each individual were
taken, and then stored in 95% (v/v) ethanol for molecular study prior to preservation.
The voucher specimens were subsequently preserved in 70% (v/v) ethanol and depos-
ited at the Chulalongkorn University Museum of Natural History (CUMZ).

Molecular analyses

Total DNA was extracted from the liver using a PureDireX'™ genomic isolation kit
(Bio-Helix, Taiwan). The mitochondrial NADH dehydrogenase 2 gene (ND2) was
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Figure 1. Localities for the Tylototriton umphangensis sp. nov., (circle = type locality) at Umphang Wild-
life Sanctuary, Tak Province and the distribution of its closely related species. 7. uyenoi (number) in Thai-
land: | Namtok Mae Surin NP, Mae Hong Son Province 2 Doi Mak Lang 3 Doi Ang Khang 4 Chiang
Dao WS 5 Doi Suthep-Pui 6 Doi Chang Kien 7 Doi Inthanon 8 Doi Mon Jong, Chiang Mai Province
9 Doi Soi Malai, Tak Province and 10 Khao Laem NP, Kanchanaburi Province. NP = National Park and
WS = Wildlife Sanctuary. The map is modified by N. Taewcharoen.
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amplified using the polymerase chain reaction (PCR) with the SL-1 (5'-ATAGAG-
GTTCAAACCCTCTC-3") and the SL-2 (5-TTAAAGTGTCTGGGTTGC
ATTCA G-3") primers (Wang et al. 2018). Each PCR reaction consisted of 15 uL of
OnePCR™ Ultra (GeneDirex, Taiwan), which is a premixed solution, 1.5 pL of each
primer (10 uM), 9 pL of UltraPure™ DNase/RNase-Free distilled water (Invitrogen,
USA), and 3 pL of DNA template. The thermal cycling was performed at 94 °C for 4
min, followed by 35 cycles of 94 °C for 30 s, 55 °C for 1 min, and 72 °C for 90 s (Wang
etal. 2018). The PCR products were checked by agarose gel electrophoresis to confirm
their size and estimate the concentration. The desired PCR products were purified and
commercially sequenced by Bioneer Inc. in South Korea.

We combined the four new sequences of the UPWS samples obtained in this
study with those of the other related species available from GenBank (Table 1). The
optimum substitution models were selected using Kakusan 4 (Tanabe 2011). We
then constructed phylogenetic trees by Bayesian inference (BI) and maximum likeli-
hood (ML) analyses using MrBayes v. 3.1.2 (Huelsenbeck and Ronquist 2001) and
RAXML v. 8 (Stamatakis 2014), respectively. The criterion used for model selection
was AIC, with the codon-equal-rate model with the general time reversible model
(GTR) + Gamma (G) being selected for ML and the codon-proportional model with
the Hasegawa-Kishino-Yano-1985 (HKY85) model + G for each codon position for
the BI. The BI analysis was performed as two independent runs of four Markov chains
for 10 million generations, sampling one tree every 100 generations and calculating
a consensus topology for 70,000 trees after discarding the first 30,001 trees (burn-
in = 3,000,000). For the BI, we considered posterior probabilities (bpp) of 95% or
greater as significant support (Leaché and Reeder 2002). The robustness of the ML
tree was tested using bootstrap analysis (Felsenstein 1985) with 2,000 replicates, and
we accepted tree topologies with bootstrap values (bs) of = 70% to be significantly
supported (Huelsenbeck and Hillis 1993). Pairwise comparisons of uncorrected se-
quence divergences (p-distance by 1,013 base pairs; bp) were calculated using MEGA
v. 7 (Kumar et al. 2016).

Morphological examination

The morphometric characters of the UPWS newts were compared with those of 7 uy-
enoi because their appearances and color pattern are rather similar; moreover, previous
studies identified the UPWS newts as 7. uyenoi (Hernandez et al. 2019). Note that the
other four Zjlototriton species from Thailand (7. verrucosus, T. anguliceps, T. phukhaen-
sis, and 7. panhai) were not included in this morphometric study for two reasons.
Firstly, the external morphology of 7" verrucosus, T. anguliceps, and T phukhaensis was
clearly different from that of 7. uyenoi (see Pomchote et al. 2020a, 2020b), although
morphological comparisons using the published literature were made (see comparisons
below). Secondly, 7 panhai has different color pattern from that of the other Thai
Tjlorotriton species; moreover, 1. panhai is a member of another lineage, the subgenus
Yaotriton (Nishikawa et al. 2013a).
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Table 1. Specimens of Tjlotorriton and other related species used for the molecular analyses. CAS =
California Academy of Sciences; CIB = Chengdu Institute of Biology; CUMZ (A) = Natural History Mu-
seum of Chulalongkorn University Section Amphibians; KIZ = Kunming Institute of Zoology; KUHE =
Graduate School of Human and Environmental Studies, Kyoto University; MVZ = Museum of Vertebrate
Zoology, University of California, Berkeley; NMNS = National Museum of Natural Science, Taiwan;
VNMN = Vietnam National Museum of Nature; ZMMU = Zoological Museum of Moscow State Uni-
versity. “Topotype.

Sample Species Voucher no. Locality GenBank no. Source
no.

1 Tylototriton umphangensis  CUMZ-A-8243 Umphang Wildlife Sanctuary, 0OK092618 This study

sp. nov. Tak, Thailand
2 Tylototriton umphangensis ~ CUMZ-A-8244 Umphang Wildlife Sanctuary, ~ OK092619 This study

sp. nov. Tak, Thailand
3 Tylototriton umphangensis  CUMZ-A-8245 Umphang Wildlife Sanctuary, 0K092620 This study

sp. nov. Tak, Thailand
4 Tylototriton umphangensis  CUMZ-A-8246 Umphang Wildlife Sanctuary, ~ OK092621 This study

sp. nov. Tak, Thailand
5 Tylototriton uyenoi* KUHE 19147 Doi Suthep, Chiang Mai, AB830733 Nishikawa et al. (2013a)

Thailand
6 Tylotorriton phukhaensis*  CUMZ-A-7719 Doi Phu Kha National Park, MNO912575  Pomchote et al. (2020b)
Nan, Thailand
7 Tylototriton anguliceps® VNMN A.2014.3 Muong Nhe, Dien Bien, LC017832 Leetal. (2015)
Vietnam
8 Tjlorotriton verrucosus® KIZ 201306055 Husa, Yunnan, China AB922818 Nishikawa et al. (2014)
9 Tylototriton panhai* No voucher Phu Luang Wildlife Sanctuary, ~ AB830736  Nishikawa et al. (2013a)
Loei, Thailand

10 Tylototriton shanjing* NMNS 3682 Jingdong, Yunnan, China AB830721 Nishikawa et al. (2013a)
11 Tylototriton pulcherrimus KUHE 46406 Yunnan, China AB830738 Nishikawa et al. (2013a)
12 Tylototriton podichthys KUHE 34399 Xam Neua, Houa Phan, Laos AB830727 Nishikawa et al. (2013a)
13 Tjlorotriton panwaensis* CAS 245418 Panwa, Myitkyina, Myanmar KT304279 Grismer et al. (2018)
14 Tjlorotriton yangi KUHE 42282 Yunnan, China AB769546 Nishikawa et al. (2013b)
15 Tylototriton shanorum™* CAS 230940 Taunggyi, Shan, Myanmar AB922823 Nishikawa et al. (2014)
16 Tylototriton himalayanus ~ MVZ no number Nepal DQ517854 Weisrock et al. (2006)
17 Tylototriton kachinorum®  ZMMU A5953 Indawgyi, Kachin, Myanmar MKO097273 Zaw etal. (2019)
18 Tjlorotriton kweichowensis MVZ 230371 Daguan, Yunnan, China DQ517851 Weisrock et al. (2006)
19 Tylototriton taliangensis KUHE 43361 Unknown, China AB769543  Nishikawa et al. (2013b)
20 Echinotriton andersoni*  KUHE no number Nago, Okinawa, Japan AB769545 Nishikawa et al. (2013b)

We compared the reported morphometrics of a total of 12 specimens, the four
Tjlorotriton sp. from UPWS (four males: CUMZ-A-8243 to -8246) of this study, and
eight specimens of 7. uyenoi obtained previously from the same localities of the holo-
type and paratypes of 7. uyenoi (Nishikawa et al. 2013a). The specimens of 7. uyenoi
were loaned from the Natural History Museum, National Science Museum, Thailand
(THNHM): topotypic specimens THNHM 10319-10320, 20170 (three males) from
Doi (= Mountain in Thai language) Suthep-Doi Pui National Park (NP), Chiang Mai
Province; and THNHM 13866, 13868, 13870—13871 (four males), and THNHM
13869 (one female) from Doi Inthanon NP, Chiang Mai Province, which is the same
locality as the paratypes.

The following 27 measurements were taken for morphometric comparisons,
where the character definitions are given in Nishikawa et al. (2011): SVL (snout—vent
length); HL (head length); HW (head width); MXHW (maximum head width); SL
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(snout length); LJL (lower jaw length); ENL (eyelid-nostril length); IND (internar-
ial distance); IOD (interorbital distance); UEW (upper eyelid width); UEL (upper
eyelid length); OL (orbit length); AGD (axilla-groin distance); TRL (trunk length);
TAL (tail length); VL (vent length); BTAW (basal tail width); MTAW (medial tail
width); BTAH (basal tail height); MXTAH (maximum tail height); MTAH (me-
dial tail height); FLL (forelimb length); HLL (hindlimb length); 2FL (second finger
length); 3FL (third finger length); 3TL (third toe length); and 5TL (fifth toe length).
All measurements were taken using a digital sliding caliper to the nearest 0.01 mm,
subsequently rounded to 0.1 mm. Each measurement was taken three times and the
average was used for further analyses. Their body weights (BW) were recorded using
a digital weighing scale to the nearest 0.1 gm.

For morphological comparisons, the data for the other related species were taken
from the related literatures (Fang and Chang 1932; Liu 1950; Nussbaum et al. 1995;
Bohme et al. 2005; Hou et al. 2012; Nishikawa et al. 2013a, 2014; Khatiwada et al.
2015; Le et al. 2015; Phimmachak et al. 2015; Grismer et al. 2018, 2019; Zaw et al.
2019; Pomchote et al. 2020a, 2020b).

Statistical analysis

We compared the SVL, BW, and the other 25 ratio values to SVL (presented as %
SVL) between Zjlototriton sp. from UPWS and the other 7" uyenoi specimens. Dif-
ferences in morphological characters between the Tjlorotriton sp. from UPWS and 7
uyenoi were analyzed by the Mann-Whitney U test. The relationships of all morpho-
metric characters were examined using principal component analysis (PCA). Note
that the vent length of the one 77 uyenoi female (THNHM 13869) was excluded
from the morphological comparison because this parameter is much longer in males
than in females [RVL 7.4 vs 1.7 and 1.9; 9.3 vs 4.0 in 7" uyenoi, data from Nishi-
kawa et al. (2014) and the present study, respectively]. All statistical analyses were
performed using the SPSS v. 22 for Windows. Statistical significance was accepted
at the p < 0.05 level.

Results

Molecular analyses

We obtained 452—-1,039 bp sequences of the partial ND2 region for 20 specimens,
including the outgroup (Table 1). The sequences of the four specimens from UPWS
(this study) were the same, and of the 1,039 nucleotide sites, 340 were variable and
158 were parsimony informative within the ingroup (sequence statistics available upon
request from the senior author). The mean likelihood score of the BI analyses for all
trees sampled at stationary was -4033.667. The likelihood value of the ML tree was
-3955.2606.
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Figure 2. Bayesian inference tree based on the partial ND2 gene for the samples examined. Numbers
above branches represent the bpp/bs, and asterisks indicate nodes with bpp = 0.95 and bs = 70%. Num-
bers at branches tips are the sample numbers, as shown in Table 1. Scale bar = 0.04 substitutions/site.

Phylogenetic analyses employing the BI and ML criteria yielded nearly identical
topologies and so we present only the BI tree in Figure 2. Monophyly of the subgenus
Tjlorotriton (all samples except Samples 9 and 20) was fully supported in the BI and
ML trees (bpp = 98% and bs = 96%). Within the subgenus, 7. taliangensis was first
separated from the remaining lineages. The latter group was further divided into two
clades: one including 77 shanorum, 1. himalayanus, and 1. kachinorum; the other in-
cluded the remaining lineages. The newts from UPWS (same sequence) were nested in
the latter clade and was first clustered with 7. uyenoi with significant support.

The p-distances between each pair of a total 17 haplotypes recognized above ranged
from 1.4% (between 1. verrucosus and 1. shanjing) to 18.8% (between Echinotriton
and 77 uyenoi and between Echinotriton and 1. kachinorum) (Table 2). The distance
between the newts from UPWS and its sister species 7. uyenoi was 5.0%, which was
larger than the 24 heterospecific combinations in this study.
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Morphological examination

A total of 12 specimens were used for morphometric comparisons (Table 3). With
respect to the SVL, the UPWS population was significantly larger than 7. uyenoi (p =
0.027), but with significantly smaller RHL (p = 0.042), RENL (p = 0.007), RUEW
(p = 0.017), RUEL (p = 0.007), and ROL (p = 0.007) % SVL measurements, and a
significantly larger R2FL (p = 0.007) measurement than those for 7. uyenoi.

In life, the dorsal ground color was dark brown to black (Nishikawa et al. 2013a;
Pomchote et al. 2020a), while in preservative, the background coloration of 7. uyenoi
was light brown to cream (Nishikawa et al. 2013a) or light brown to brown (this
study), although the UPWS samples tended to be the blackish both in life and in pre-
servative. In 7. uyenoi, the dorsal and ventral head, parotoids, vertebral ridge, rib nod-
ules, limbs, vent, and tail were orange to reddish-brown in life (Nishikawa et al. 2013a;
Pomchote et al. 2020a) and light brown to orange-brown (Nishikawa et al. 2013a) or
cream to orange-brown (this study) in preservative, although the UPWS samples had
darker markings than 7. uyenoi, both in life and in preservative (Figs 3-5).

The UPWS samples and 7. uyenoi also showed a few similar morphological char-
acteristics. For example, the sagittal ridge on head and the parotoids were distinct and
projected posteriorly. However, morphological differences between the UPWS popula-
tion and 7. uyenoi were also present (Fig. 4).

The snout of the UPWS population was truncate, while that of 7. uyenoi was al-
most rounded to blunt, except for two specimens (THNHM 10319 and 10320) that
were relatively truncate. In lateral view, the degree that the snout projects beyond the
lower jaw was more distinct in 7. uyenoi than in the UPWS population that hardly
projected beyond the lower jaw.

The dorsolateral bony ridges of the UPWS population were rough, steeper ante-
riorly, and curved medially at the posterior ends, while those of 77 uyenoi were rough,
especially from above the eye to above the anterior end of the parotoid, less steep ante-
riorly, and weakly or rather curved medially at the posterior ends.

In lateral view, the parotoids of the UPWS population were oriented rather parallel
to the body axis and the posterior part curved upwards, while those of 7. uyenoi were
oriented obliquely downwards or rather parallel relative to the body axis.

In dorsal view, the quadrate regions of the UPWS population protruded laterally,
while those of 7 uyenoi were weakly curving.

In the urodeles, the dentaries are elongated, paired bones that curve medially. The
left and right dentaries touch each other antero-medially on the lower jaw. At the an-
tero-medial ends, some expansions are developed posteriorly in the dorsal view, while
in the anterior view this expansion slightly develops in the ventral direction (e.g., Villa
etal. 2014; Parra Olea et al. 2020; Ponssa and Abdala 2020). This expansion is promi-
nently present in the UPWS population (Fig. A4), both in life and in preservative,
whereas it was absent in 7. uyenoi (Figs B4-C4).

The vertebral ridge of the UPWS population and 7. uyenoi was segmented from
the anterior end to the tail base but was less segmented in 77 uyenoi than in the UPWS
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samples, especially the two paratypes CUMZ-A-8245 and 8246, which were promi-
nently segmented.

The rib nodules of 7. uyenoi were isolated, rounded, distinct but small, and form-
ing knob-like warts, with the number of rib nodules ranging from 12—15, but almost
all the specimens had 14 warts on each side of body. In contrast, the rib nodules of the
UPWS newts were indistinct and small in shape, ranging from 14—15 warts.

The overall morphological differences were examined using PCA for the UPWS
population and 77 uyenoi. The first two principal components (PCs) explained 49.0%
of the total variation. The two-dimensional plots of PC1 vs PC2 showed that the
UPWS population was clustered together and separated from 7 uyenoi (Fig. 6).

Based on the molecular and morphological evidence, the Zjlorotriton sp. from
UPWS, Tak Province, western Thailand is confirmed as an undescribed species. There-
fore, we describe it as a new species, Zjlototriton umphangensis sp. nov.

Systematics

Tylototriton umphangensis sp. nov.
http://zoobank.org/D280A352-65C9-4F84-91BF-53F19B954E87
Thai name: Ka Tang Nam Umphang

English name: Umphang crocodile newt

Figures 3-5

1" uyenoi: (referring to the population from Umphang, Tak Province): Hernandez et
al. 2019, page 18.

Holotype. CUMZ-A-8243, adult male, collected from Umphang Wildlife Sanctuary,
Tak Province, western Thailand, approximate coordinate 16°12°N, 98°58’E; ca 1,150
m a.m.s.l., collected on 19 June 2021 by Porrawee Pomchote and Pitak Sapewisut.

Paratypes. CUMZ-A-8244, CUMZ-A-8245, and CUMZ-A-8246; three adult
males, same data as the holotype.

Etymology. The specific epithet umphangensis refers to Umphang Wildlife Sanctu-
ary, the type locality of the new species.

Diagnosis. The new species is placed in the genus Zjlototriton by having a combi-
nation of dorsal granules present, dorsolateral bony ridges on head present, knob-like
warts (rib nodules) on dorsolateral body present, and quadrate spine absent. Tylototriton
umphangensis sp. nov. differs from its congeners by having the following morphologi-
cal characters: medium-sized, adult SVL 65.6-75.3 mm in males; skin rough with fine
granules; snout truncate; quadrate regions laterally protruding; antero-medial ends of
dentaries distinctly expanded; dorsolateral bony ridges on head prominent, steep, rough,
narrow, and posterior ends curved medially; parotoids distinct, oriented rather parallel
to the body axis and posterior part curved upwards in the lateral view; vertebral ridge
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Figure 3. Male Tjlorotriton umphangensis sp. nov.

distinct and segmented; rib nodules 1415, small, and indistinct; limbs long and thin;
tips of forelimbs and hindlimbs overlapping when adpressed along the body; tail thin.
Description of holotype. Body rather slim and long (RTRL 76.6%); skin rough;
fine granules dense on dorsum, dense on sides of body and tail, and arranged in trans-
verse striations on mid-ventrum; head longer than wide (HW/HL 0.97), hexagonal
in shape, depressed, and slightly oblique in profile; snout truncate, hardly projecting
beyond lower jaw; nostrils close to snout tip, not visible from dorsal view; quadrate re-
gions protruding laterally from dorsal view; antero-medial ends of dentaries distinctly
expanded; dorsolateral bony ridges on head narrow, rough, and posterior ends curved
proximally; sagittal ridge on head short and weak; labial fold absent; tongue oval, at-
tached to anterior floor of mouth, free laterally and posteriorly; vomerine tooth series
in an inverted V-shape, converging anteriorly and reaching choanae; parotoids distinct,
projecting posteriorly, posterior ends slightly curved medially, oriented rather parallel
to body axis and curved upwards in lateral view; gular fold present; costal folds absent;
vertebral ridge prominent, narrow, and slightly segmented from neck to groin, separat-
ed from sagittal ridge on head; two low and flat bony ridges on the dorsal head surface
forming a “V” shape, connected with the anterior end of vertebral ridge; rib nodules
small, indistinct, forming knob-like warts, 15 on each side of body from axilla to base
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Al

20 mm

10 mm

Figure 4. The male holotype of Tjlototriton umphangensis sp. nov. and other specimens of 7. uyenoi in
preservative. A Holotype specimen of Tylototriton umphangensis sp. nov. (CUMZ-A-8243) B Topotypic
specimen of 7. uyenoi (THNHM 10319) from Doi Suthep-Doi Pui NP, Chiang Mai Province C speci-
men of 7" uyenoi (THNHM 13866) from Doi Inthanon NP, Chiang Mai Province A1-C1 dorsal view
of the body. A2-C2 ventral view of the body. A3—C3 dorsal view of the head A4—C4 lateral view of the
head. Scale bars: 20 mm (A1-C1,A2-C2); 10 mm (A3-C3,A4-C4).
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CUMZ-A-8243 CUMZ-A-8244 CUMZ-A-8245 CUMZ-A-8246

SRaai
Hrt

Figure 5. Holotype (CUMZ-A-8243) and paratypes (CUMZ-A-8244, CUMZ-A-8245, and CUMZ-
A-82406) of Tylototriton umphangensis sp. nov. before preservation. A dorsal view B ventral view. Scale

bar: 20 mm.

of tail; rib nodules slightly increasing in size from most anterior to forth nodule, then
decreasing posteriorly; forelimbs (34.2% SVL) shorter than hindlimbs (40.0% SVL);
tips of forelimb and hindlimb overlapping when adpressed along body; fingers and toes
well developed, free of webbing; fingers four, comparative finger lengths 2 > 3 > 1 > 4;
toes five, comparative toe lengths 4 > 3 > 2 > 5 > 1; tail laterally compressed, dorsal fin
more distinct posteriorly, ventral edge smooth, tip pointed; tail short (91.9% SVL);
cloaca slightly swollen; vent slit longitudinal.

Color of holotype. In life, dorsal ground coloration is dark-brown to blackish-
brown, while the ventral color is slightly lighter than dorsum. Dorsal, ventral, and lat-
eral of head, parotoids, vertebral ridge, rib nodules, limbs, vent region, and whole tail
are orange-brown. Tip of tail is slightly lighter than dorsal and lateral sides of tail. Ven-
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Figure 6. The PCA plots of PC1 vs PC2 for morphometric parameters between the UPWS population
(Tjlototriton umphangensis sp. nov. described herein) (circle) and specimens of 7. uyenoi (triangle).

tral side of head, part of pectoral and pubic region, limbs, and tail prominently lighter
than dorsum. The lightest is the ventral edge of the tail. The lighter region between the
ventral edge of the tail and the area of the vent is connected. Color of digit tips is dark
brown. After a week in preservation, the color pattern is rather similar to that in life.
Measurement of holotype (in mm). SVL 72.7; HL 16.4; HW 15.9; MXHW
18.1; SL 6.3; LJL 16.7; ENL 4.2; IND 4.3; IOD 9.6; UEW 1.6; UEL 4.7; OL 2.1;
AGD 39.3; TRL 55.7; TAL 66.8; VL 6.3; BTAW 10.6; MTAW 1.7; BTAH 11.2; MX-
TAH 8.8; MTAH 8.7; FLL 24.9; HLL 29.1; 2FL 5.3; 3FL 4.1; 3TL 6.5; and 5TL 3.5.
Variation. Some differences in morphology were observed among the four speci-
mens. The dorsolateral bony ridges on the head of one paratype (CUMZ-A-8245)
are rougher than the holotype and the other paratypes. The sagittal ridge on the head
of one paratype (CUMZ-A-8244) is smaller and weaker than the holotype and the
other paratypes. Two paratypes (CUMZ-A-8245 and CUMZ-A-8246) have a more
distinctly segmented vertebral ridge than the holotype and the other paratype. The
holotype has much more distinct rib nodules than the three paratypes. Sizes of rib
nodules varied from rounded anteriorly to irregularly shaped posteriorly among the
paratypes. One paratype (CUMZ-A-8246) has an undulated surface of the dorsal fin,
while the other type specimens have an even-surfaced dorsal fin. Type specimens are
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Figure 7. Habitat at the type locality of Tylototriton umphangensis sp. nov. at Umphang Wildlife Sanctu-

ary, Tak Province, western Thailand.

generally similar in color pattern, but the coloration of the dorsal, ventral, and lateral
head, parotoids, vertebral ridge, rib nodules, limbs, and whole tail is much lighter in
the holotype than the three paratypes. The color of the digit tips of the holotype is
dark brown, but those of the paratypes are black. Morphological variations between
the specimens are shown in Figure 5.

Comparisons. Tjlototriton umphangensis sp. nov. differs from the other species of
subgenus Tylototriton as follows: from 1. taliangensis by having orange-brown mark-
ings on the head, trunk, limbs, and tail (vs uniformly black body except for distal
fingers, toes, and posterior parotoids in 7. wliangensis); from 1. kweichowensis and T.
pseudoverrucosus by having separated rib nodules (vs connected orange markings form-
ing continuous dorsolateral lines in 7. kweichowensis and 1. pseudoverrucosus); from T.
shanorum and T. anguliceps by having a sagittal ridge and rather steep dorsolateral bony
ridges on the head (vs no sagittal ridge and rather flat dorsolateral bony ridges on head
in 7 shanorum, and prominent sagittal ridge and the posterior ends of dorsolateral
bony ridges distinctly curved medially in 77 anguliceps); from T ngarsuensis by hav-
ing truncate snout in dorsal view (vs rounded in 7. ngarsuensis); from 1. himalayanus
by lacking grooves on either side at the basal tail (vs present in 7. himalayanus); from
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1" yangi by having uniformly orange-brown parotoids (vs black coloration except for
posterior end of parotoids with orange coloration in 7. yangi); from 7. kachinorum, T.
pulcherrimus, and T. shanjing by having light orange-brown on part of pubic region (vs
light yellowish-grey ventral surfaces in 7. kachinorum, and yellowish-orange to bright
yellow ventral trunk in 77 pulcherrimus and 17 shanjing); from 1. verrucosus by having
rough dorsolateral bony ridges (vs smooth in 7. verrucosus); from 1. podichthys and T.
phukbaensis by having short and weak sagittal ridge on the head (vs indistinct sagittal
ridge on head in 7 podichthys, and narrow, long, and prominent sagittal ridge on head
in 7" phukhaensis); from 1. panwaensis by having narrow vertebral ridge (vs wide in 7
panwaensis).

Distribution. Umphang Wildlife Sanctuary, Tak Province, western Thailand (Fig.
1). The Umphang Wildlife Sanctuary is located along the Dawna Range, which is a
mountain range in eastern Myanmar and northwestern Thailand. Thus, this species is
expected to also occur in Myanmar and elsewhere in western Thailand.

Natural history. All specimens were found during the afternoon at around 14:30
h hidden under leaf litter and between stems of arrowroot plants (family Marantaceae)
in a small ephemeral pond (Fig. 7) during the rainy season, which is the breeding sea-
son of Tylototriton species. The pond had clear water and the bottom was covered with
dense leaf litter. The surrounding area was composed of hill evergreen forest. The pond
size was approximately 520 cm long, 270 cm wide, and 17 cm in maximum depth. The
water temperature was 23.1 °C. The water quality parameters were: pH 6.4; dissolved
oxygen 4.13 mg/L; conductivity 23 pS/cm; total dissolved solid 15 mg/L; and turbid-
ity 7.6 NTU. No fish were observed.

Discussion

Molecular and morphological evidence indicate that the newts found at UPWS, Tak
Province, western Thailand are a distinct, new species described here. With our de-
scription of this new species, the number of Zjlototriton species is now 33, with six of
them present in Thailand: 7" verrucosus, T. uyenoi, I. panhai, 1. anguliceps, T. phukhaen-
sis, and T" umphangensis sp. nov. Three of these six species are endemic to Thailand (7
uyenoi, 1. phukhaensis, and 1. umphangensis sp. nov.). Thus, Thailand has the third
highest number of species of Tjlototriton and the second highest in Indochina; the
highest number of species is in China (17) followed by Vietnam (7) (Frost 2021).
Tjlototriton umphangensis sp. nov. has been confused with 7. u#yenoi because of these
species have morphological similarities and a similar distribution (Hernandez et al.
2019). In the present study, we compared 7. umphangensis sp. nov. with 7" uyenoi, the
latter having been described and named based on a holotype and eight paratypes (total
of nine adult males) collected from Phuping Rajanives Palace, Doi Suthep and the Royal
Garden Siribhume, Doi Inthanon, Chiang Mai Province, respectively (Nishikawa et al.
2013a). According to Nishikawa et al. (2013a), 7. uyenoi specimens are basically similar
in morphology and color pattern, but show variations in the degree of segmented ver-
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tebral ridge, size of rib nodules, texture of dorsolateral bony ridges, and color markings.
These morphological variations are also present in the specimens of 7. umphangensis sp.
nov. that we examined in our study. However, 7 umphangensis sp. nov. can be distin-
guished from the most closely related species (7. #yenoi) and other congeners.

Geographic isolation may limit gene flow and promote genetic differentiation
among populations which can result in the formation of new species (Eckert et al.
2008; Qian et al. 2017). Tak Province is located in the Northwest Thai (Dawna) Up-
lands of Indochina (Poyarkov et al. 2021b), which consists of several high-mountain
areas in the three major mountain ranges: (i) Thanon Thong Chai and (ii) Daen Lao
Ranges in northernmost Tak Province, and (iii) Dawna Range in most areas of Tak
Province. The Thanon Thong Chai Range has 77 uyenoi in Namtok Mae Surin NB,
Mae Hong Son Province (Pomchote et al. 2020a). The Daen Lao Range has 7. uyenoi
populations in Doi Ang Khang, Doi Chang Kien, Chiang Dao Wildlife Sanctuary
(WS), Doi Inthanon, Doi Mak Lang or Doi Lang, and Doi Suthep-Pui in Chiang Mai
Province (Pomchote et al. 2008; Nishikawa et al. 2013a; Michaels 2014; Hernandez
2016; Hernandez et al. 2019); Doi Soi Malai, Tak Province (Hernandez 2017); and
Doi Mon Jong, Chiang Mai Province (Hernandez et al. 2019). The Dawna Range
supports 7. uyenoi in Khao Laem NP in Kanchanaburi Province (Hernandez and Pom-
chote 2020c) and Umphang, Tak Province (Hernandez et al. 2019; this study) (Fig. 1).

Hernandez et al. (2018) stated that Zjlototriton species are niche specialists because
they reside at high elevations with moist, and cool conditions, a narrow thermal range,
and high rainfall during the breeding season. This is consistent with previous studies
that Thai Zjlototriton species are distributed in high mountainous areas at an alticude
of more than 1,000 m a.m.s.l. (Pomchote et al. 2008, 2020a, 2020b). Following to
previous studies (Pomchote et al. 2008, 2020a, 2020b), we defined lowland and high-
land areas according to the distribution of six Zjlorotriton species in Thailand: lowlands
are areas below 1,000 m a.m.s.l. and uplands are areas above 1,000 m a.m.s.l. Thus,
the lowland areas, located between each highland area, of the Northwest Thai Uplands
may serve as a barrier restricting the gene flow between Zjlototriton populations. Con-
sequently, further morphological and molecular analyses, as well as field surveys in
Tak Province and its nearby areas located along Thanon Thong Chai, Daen Lao, and
Dawna Ranges, need to be done to clarify the species boundary between 7. umphan-
gensis sp. nov. and 1. uyeno.

According to previous data (Watchara Sanguansombat and Chattraphas Pongchar-
oen, personal communication) and the check list of fauna diversity of UPWS (Depart-
ment of National Parks, Wildlife and Plant Conservation), 7. verrucosus (now named
1" umphangensis sp. nov.) were first found near an artificial pond adjacent to a deserted
hut near a road that was about 6 km from the Mae Klong Khi Forest Ranger Station.
Our field survey was conducted there on 18 June 2021 at night, but we did not find
any newts. Not only did this pond have fish (released by someone?), but this area is
also under construction. Moreover, there are cattle that belong to local people roaming
freely in UPWS that may cause damage to the forest, including breeding sites of the
newts, as previously reported in other NPs, such as in Phu Suan Sai NB, Loei Prov-
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ince that harbors 7. panhai (Hernandez and Pomchote 2020a); and in Doi Phu Kha
NP, Nan Province that harbors 7. phukhaensis (Pomchote et al. 2020b). Thus, effects
from anthropogenic activities, including cattle, should be evaluated in detail. Zjloro-
triton umphangensis sp. nov. is currently only known from the hill evergreen forests of
UPWS. We suggest that the new species should be classified as Endangered (EN) in the
IUCN Red List and that it needs further conservation management.
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Abstract

Crayfish serve as a model for studying the effect of environmental lighting on locomotor activity and
neuroendocrine functions. The effects of light on this organism are mediated differentially by retinal and
extraretinal photoreceptors located in the cerebroid ganglion and the pleonal nerve cord. However, some
molecular aspects of the phototransduction cascade in the pleonal extraretinal photoreceptors remain un-
known. In this study, transcriptome data from the pleonal nerve cord of the crayfish Procambarus clarkii
(Girard,1852) were analyzed to identify transcripts that potentially interact with phototransduction pro-
cess. The Illumina MiSeq System and the pipeline Phylogenetically Informed Annotation (PIA) were
employed, which places uncharacterized genes into pre-calculated phylogenies of gene families. Here,
for the first time 62 transcripts identified from the pleonal nerve cord that are related to light-interacting
pathways are reported; they can be classified into the following 11 sets: 1) retinoid pathway in vertebrates
and invertebrates, 2) photoreceptor specification, 3) rhabdomeric phototransduction, 4) opsins 5) ciliary
phototransduction, 6) melanin synthesis, 7) pterin synthesis, 8) ommochrome synthesis, 9) heme synthe-
sis, 10) diurnal clock, and 11) crystallins. Moreover, this analysis comparing the sequences located on the

pleonal nerve cord to eyestalk sequences reported in other studies reveals 94—100% similarity between
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the 55 common proteins identified. These results show that both retinal and pleonal non-visual photore-
ceptors in the crayfish equally expressed the transcripts involved in light detection. Moreover, they suggest
that the genes related to ocular and extraocular light perception in the crayfish 2 clarkii use biosynthesis
pathways and phototransduction cascades commons.

Keywords
Caudal photoreceptor, opsins, photoresponse, phototransduction, pleonal nerve cord

Introduction

The freshwater crayfish is a model for studying locomotor behavioral and neurohormo-
nal responses to light, which are mediated by retinal and extraretinal photoreceptors.
The crayfish’s pleonal nerve cord (PNC), which consists of six ganglia, also responds
to photostimulation previous studies have reported motor neuron activation (Edwards
1984; Simon and Edwards 1990). As early studies postulated, light-induced reflex activ-
ity results from integrating luminous sensory information from an interplay between the
transmissions of retinal and caudal photoreceptors (CPRs) (Rodriguez-Sosa et al. 2008).

In the invertebrate phototransduction mechanism, light initiates a signaling cas-
cade that induces a depolarization of the cell membrane. One CPR is present in each
half of the sixth pleonal ganglion (6" PG), with their axons coursing rostrally from the
6" PG to the brain. CPRs respond to a light stimulus with a high-frequency burst. In
addition, these neurons respond trans-synaptically to mechanical stimuli. The CPR
has been well-studied through electrophysiological recordings, along with analyses of
the locomotor activity induced when sensing light (Welsh 1934; Wilkens and Larimer
1972; Edwards 1984; Ferndndez de Miguel and Aréchiga 1992). Serotonin and dopa-
mine regulate the firing rate from these CPRs, and serotonin modulates the circadian
rhythm for both spontaneous and light-induced CPR activities (Rodriguez-Sosa et al.
2006, 2007, 2011).

The CPRs are “simple” photoreceptors due to their lack of specialized structures
such as the microvilli or cilia that characterize the retinal photoreceptor (Gotow and
Nishi 2008). These structural differences between ocular and extraocular receptors
suggest differences in the molecular cascades involved in photoreception. However, a
recent study shows that two opsins are found in both the retina and the PNC of the
crayfish 2 clarkii (Kingston and Cronin 2015). This study also finds that the tran-
scripts of both opsins are expressed in each ganglion of the PNC and in the retina with
identical sequences, suggesting that CPRs use these two proteins in the phototransduc-
tion pathway, as observed in the retina by Hariyama et al. (1994).

The opsins identified include one that is sensitive to short-wavelength light (\max
=440 nm, SWS, blue) and another sensitive to long-wavelength light (\max = 530 nm,
LWS, green). Other studies show that these simple photoreceptors have a spectral sen-
sitivity peak at 500 nm, suggesting that they contain a rhodopsin-like photopigment
(Bruno and Kennedy 1962; Larimer et al. 1966; Cronin and Goldsmith 1982;). In
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addition, the left and right crayfish caudal photoreceptors show asymmetry in the
spontaneous action potentials discharged in darkness and in their responses to white
light and blue or green monochromatic light pulses (Sdnchez-Herndndez et al. 2018;
Pacheco-Ortiz et al. 2018).

Furthermore, a study seeking to identify the molecular mechanism of CPR trans-
duction finds that the injection of inositol 1,4,5-trisphosphate (IP3), calcium, and
guanosine nucleotide (GTP) mimics the light response (Kruszewska and Larimer
1993). However, for crustaceans, little genomic information is available, and few se-
quences have been annotated in databases regarding the components involved in pho-
totransduction cascades in extraretinal photoreceptors (Hariyama et al. 1993; King-
ston and Cronin 2015; Porter et al. 2017).

In this study, we obtain and analyze the pleonal nerve cord transcriptome to iden-
tify potential light-interacting genes from the extraretinal photoreceptors of the fresh-
water crayfish P clarkii. We also compare the encoded protein to the sequences of the
eyestalk transcriptome reported in a study by Manfrin et al. (2015). All sequencing
data reported here have been deposited in the GenBank database.

Materials and methods

We used four adult crayfish (2 clarkii) two males and two females in their intermolt
stage. The animals were acquired from a local provider in the autumn and kept in the
laboratory in aerated water containers for two weeks before the experiments, with a
program of 12:12 h light-dark cycles; they were fed with carrots and dried fish. The
care and handling of the animals during the experimental procedures was carried out
according to the policies established by the Ethics Commission. This study was ap-
proved by Research of the Faculty of Medicine, UNAM (code FM/D1/128/2019).
The pleonal nerve cords were dissected and immediately placed in the Eppendorf
tube with precooled TRIzol. The tissue was preserved at -80°C prior to extraction,
the tissue was homogenized manually with a precooled mortar and pestle. Total RNA
was extracted from the pleonal nerve cord using TRIzol reagent following the manu-
facturer’s protocol (Catalog number 15596018, Invitrogen Co., Carlsbad, CA, USA).
TRIzol solubilizes the biological material after the addition of chloroform (Catalog
number P3803, Sigma-Aldrich, St. Louis, MO, USA), producing three phases: the up-
per aqueous phase containing RNA, the interphase with DNA, and the organic phase
containing proteins. The aqueous phase was transferred to a new tube; the RNA was
precipitated with isopropanol (Catalog number 19516, Sigma-Aldrich, St. Louis, MO,
USA) and collected via centrifugation; the pellet was then washed with 75% ethanol
(Catalog number E7023, Sigma Aldrich Co., St. Louis, MO, USA). The ethanol was
then removed, and the pellet was resuspended in RNase-free H,O and stored at -80°C.
We used 5pg of total RNA to obtain the ¢cDNA libraries, according to the manu-
facturer’s protocol for the Illumina TruSeq RNA Library Preparation Kit v2 (Cata-
log number RS-122-2001, Illumina, San Diego, CA, USA). We performed Illumina
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paired-end protocol 150 bp sequencing. The library obtained was sequenced using
the MiSeq Reagent kit v3 system (Catalog number MS-102-3001) according to the
manufacturer’s protocol, to obtain the PNC transcriptome.

The raw data from the Illumina system were uploaded to the Galaxy Web Portal to
execute a de novo assembly process, using Trinity software (Grabherr et al. 2011; Haas
etal. 2013; Afgan et al. 2016). The reads had quality scores higher than 30, so we did
not conduct any procedure to eliminate low-quality sequences. The adapter sequences
were trimmed, and we performed the de novo transcriptome assembly using Trinity
software, obtaining sequences in FASTA files in the Galaxy platform. Their translation
was executed automatically via the OSIRIS pipeline (Oakley et al. 2014).

The resulting sequences were processed via the “Get ORFs” program. Any sequenc-
es shorter than 100 amino acids were ignored, to produce the protein sequences to be
analyzed (Rice et al. 2000; Blankenberg et al. 2007). Next, we used the “Phylogeneti-
cally informed annotation” (PIA) pipeline to analyze the transcriptomic sequences from
the PNC to search genes involved in light detection (Speiser et al. 2014), this pipeline
is available on the Galaxy bioinformatics platform https://galaxyproject.org/use/pia/.

The PIA pipeline uses tools to generate maximum-likelihood phylogenetic trees
for 109 genes from a Light Interaction Toolkit (LIT), a gene collection regarding light-
interacting structures and their functions and development in metazoans, including
those in phototransduction, eye development, pigment synthesis, circadian cycles,
and other light-interacting pathways; these genes are distributed across 13 functional
gene sets. This bioinformatics program places uncharacterized genes into a gene family
based in pre-calculated phylogeny in a secure and accessible web server. We used the
e-value 1e? for a BLAST search of the cutoff.

The analysis with PIA generates two results files based on the functional set of genes
that are selected for analyzing the amino acid sequences. One file contains the number
and sequence with all the hit proteins retrieved by the initial BLAST search, while the
other file contains all selected genes placed onto their corresponding gene trees. All
PIA pipeline filtered transcripts were manually analyzed to determine which sequences
correspond to the possible genes implicated within the photoreception process. This
procedure facilitates the elimination of duplicates and fragments and the identification
of overlapping sequence sections to integrate longer sequences. For protein sequence
identification, we used the Prosite database to verify the preserved domain profiles; we
correlated them with functions, using the Pfam or UniProt databases (https://pfam.
xfam.org/search; https://www.uniprot.org). The amino acid sequences listed in the
Suppl. material 1 identified as ‘mmc3’ in the Manfrin’s study (2015), were used to as-
sess the similarity of sequences identified in the PNC and in the eyestalk, using align-
ments with the Clustal Omega program (https://www.ebi.ac.uk/Tools/msa/clustalo/).

This procedure facilitates the verification of sequence identities obtained via the
PIA analysis; these sequence data have been submitted to the GenBank databases un-
der the accession number indicated in the fourth column of Tables 1-7.
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Results

The Illumina system displayed 40,867,860 raw data reads; with the Novo assembler
Trinity software available on the Galaxy website, we obtained 53,967 assembled nu-
cleotides sequences in FASTA files. The PIA phylogenetic analysis was carried out us-
ing 36,558 deduced amino acid sequences with open reading frames and a minimum
length of 100 amino acids. The sequence translations were done automatically in the
OSIRIS platform available on the Galaxy site. The PIA analysis generated 109 maxi-
mum-likelihood trees distributed across thirteen functional gene sets, using the meta-
zoan Light Interaction Toolkit; with the software, we obtained results for all sets from
the PNC transcriptome.

We combined the genes identified in the functional gene sets “Retinoid pathway
vertebrate” and “Retinoid pathway invertebrate” into Set 1. Set 2 includes the func-
tional gene set “Photoreceptor specification and retinal determination network”; thus,
we present a total of 11 gene sets in 7 Tables. This filter identified 256 sequences with
potential homology with some functional gene sets from the PIA pipeline. After the
analysis for each sequence, we eliminated duplicate sequences; we obtained longer con-
sensus sequences when the ends of shorter sequences overlapped correctly. Finally, we
integrated a total of 62 different transcripts from the pre-calculated phylogenetic trees.
The BLAST analyses for each of the amino acid sequences identified in 2 clarkii show
a high conservation grade (= 90 %) with some other crustacean species, especially the
Pacific white shrimp Penacus vannamei.

In addition, we compared the sequences that we identified in the transcriptome
of the PNC to the sequences from the transcriptome of the eyestalk. As mentioned
previously, the sequences used for this comparison were obtained directly from Table
mmc3, included as Suppl. material 1 by Manfrin et al. (2015). In our study, all com-
parisons with the eyestalk refer to this study. To ensure positive results, we performed a
search in Table mmc3 with the Excel search tool, using both the name of the identified
protein and the sequence itself.

The Tables show the names of the sequences we identified in the PNC, the num-
ber of amino acids (as deduced from the nucleotides), and the accession number in
GenBank, as well as a comparison with previously reported sequences in the eyestalk.
The last column shows the identity percentage between both sequences. We identi-
fied 62 genes from the PNC 55 of these were also expressed in the eyestalk transcrip-
tome, while 38 were 100% identical to their corresponding transcripts in the PNC;
19 sequences had 94-99% similarity, while two transcripts presented a similarity of
24-41% with the transcript of the same name from the eyestalk. Only five PNC iden-
tified genes were not found in the eyestalk transcriptome.

The first functional gene set in Table 1 contains eight elements that participate in
the synthesis and metabolism of visual chromophores from dietary carotenoid precur-
sors. This group includes the genes identified in two functional sets by PIA (namely,
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Table I. Transcripts identified from PNC through PIA pipeline compared with crayfish eyestalk tran-
scriptome data.

Pleonal nerve cord (Current study) Eyestalk (Manfrin et al. 2015)
Gene Top BLAST hit-Protein aa Access  Contig ID aa Homology
number  (Procl_ES) percentage
Set 1. Components of the retinoid pathway in vertebrates and invertebrates
Ralbp Retinal-binding protein 159 MN110026  5420_1 431 100
Rdh11 Retinol dehydrogenase 11 346 MT601680  12053_0 350 100
Rdh13 Retinol dehydrogenase 13 149 MT601681 WCS - -
Dhrs4 Dehydrogenase/reductase SDR family member 4-like 289 MTG601679  888_7 282 100
Sdr16¢5  Epidermal retinol dehydrogenase 2-like isoform X2 122 MTG601682  5911_0 309 98
Crabpl Cellular retinoic acid-binding protein 1-like 115 MTG601683 WCS - -
ninaB Carotenoid oxygenase (RPE65) 108 MT601684  4243_0 523 41
ninaD Class B scavenger receptor 111 MT942649  2476_0 515 100

PNC= Pleonal nerve cord; aa= amino acids; WCS= whithout comparable sequence in the eyestalk as in all tables.

Table 2. Transcripts identified from the PNC through PIA pipeline compared with the crayfish eyestalk

data.
Pleonal nerve cord (Current study) Eyestalk (Manfrin et al. 2015)
Gene Top BLAST hit-Protein aa Access number Contig ID aa Homology
(Procl_ES) percentage
Set 2. Elements of photoreceptor specification and retinal determination network.
Egfr Tyrosine-protein kinase Fer 873 KY974273 3891_0 914 100
Pph Putative retinal homeobox protein Rx2-like 414 MN110016 1058 422 100
Glass Krueppel homolog 1-like 608 MN110021 652_0 608 100
En Homeobox protein engrailed-1-like isoform X1 184 MN110023 WCS - -
notch Neurogenic locus Notch protein 1210 MN110012 9959 2464 100
Hh Protein hedgehog-like 190 MN110017 WCS - -
dlx2b Homeobox protein DLX2b-like 299 MT942642 33351_0 162 94
Dix6 Homeobox protein DLX-6-like 305 MT942643 18254_0 337 100
Zag-1  Zinc finger E-box-binding homeobox protein zag-1-like 204 MT942647 12586_0 831 99
Zfhx3 Zinc finger homeobox protein 3-like 768 MT942648 6525_0 2596 99

the retinoid pathways of vertebrates and invertebrates). Almost all identified sequences
perform an enzymatic function, except for the sequence with a match for the type-B
scavenger receptor, which has been reported to mediate the cellular capture of carot-
enoids in Drosophila (Kiefer et al. 2002; Von Lintig et al. 2005). In this set, out of the
eight sequences identified in the abdominal nerve cord, only 6 were also identified in
the eyestalk. The two sequences not identified in the eyestalk were retinol dehydroge-
nase 13 and cellular retinoic acid-binding protein 1.

The eyestalk transcriptome contains two sequences denominated as retinol dehy-
drogenase 13 (Procl_ES_4929_1 and Procl_ES_29212_0), although they showed simi-
larities of 46% and 44%, respectively, with the sequence that we identified in the PNC.

The sequence identified as Cellular retinoic acid binding protein 1 (CRABP) con-
tains the domain that corresponds to the Lipocalin/cytosolic fatty-acid-binding pro-
tein family. Lipocalins are transporters for small hydrophobic molecules, such as lipids,
steroid hormones, bilins, and retinoids. Cytosolic CRABPs may regulate the access of
retinoic acid to the nuclear retinoic acid receptors (www.uniprot.org/uniprot/P40220).
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Notably, in this set, we found a low identity grade (41%) between PNC and eye-
stalk sequences for the protein encoded by the ninaB gene, the carotenoid oxygenase.
Carotenoid oxygenases are a family of enzymes involved in carotenoid cleavage to pro-
duce retinol, commonly known as vitamin A. There are five sequences reported in the
eyestalk transcriptome (Procl_ES_659_0; 4243_0: 11203_0; 30934_0: 1244_0). All
of them, including the PNC sequences, contain the RPEG5 superfamily conserved
domain. However, they have very low similarity among themselves (see https://doi.
org/10.5061/dryad.pg4f4qrqp).

Set 2 in Table 2 includes the PIA identified genes for two functional sets: Photo-
receptor specification and Retinal determination network. Ten genes are identified:
all are putatively implicated in developmental processes such as axon morphogenesis
(Glass), eye formation via regulation of the initial specification of retinal cells (Pph;
En), and development or differentiation (Nozch). The Hedgehog protein is believed
to play an important role in one of the fundamental signal transduction pathways; its
homeodomain contains sequence-specific DNA-binding proteins that act as regulators
of transcription (Wang et al. 2020). During embryogenesis, morphogenic pathways
such as WNT and Hedgehog are constitutively active; however, the activity of these
pathways decreases in adulthood. Interestingly we identified both morphogenes and
the genes of proteins involved in their pathways (Frizzled was identified in a manual
analysis (GenBank: MZ383818 and En) in the PNC. Notably, the Hedgehog and en-
grailed-1 sequences identified in the PNC were not identified in the eyestalk.

Set 3 of the genes, corresponding to the rhabdomeric phototransduction pathway
associated with invertebrate eyes, had the highest number of PIA-identified genes, to-
taling 16 transcripts (Set 3, Table 3). Opsins are light receptors that activate G-protein
pathways through cAMP, IP3, and DAG. This pathway is important for inducing
depolarization in invertebrate photoreceptors. We identified the codified region of the
alpha subunit of several types of G-proteins (including Gq), as well as phospholipase
C (PLC), which is important for processing diacylglycerol (DAG) from PIP2. We also
identified guanine nucleotide-binding protein subunit beta 5, which is involved in the
termination of signaling initiated by the G protein-coupled receptors, as well as beta
arrestin-1, an important regulatory element in the phototransduction pathway. This
protein participates in receptor desensitization and resensitization processes. In this set,
the PIA analysis also identified the gene nonA, which encodes a putative RNA-binding
protein in Drosophila; its absence has been associated with an electroretinogram defect
and reduced visual acuity in fly mutants (Jones and Rubins 1990; Rendahl et al. 1996).
In this set, 15 sequences were common to both structures, with a high identity of
96-100%. The P clarkii eyestalk transcriptome has 19 sequences identified as Arrestin;
however, none was similar to the beta-arrestin-1 that we identified in the PNC.

In Set 4, the PIA pipeline identified two transcripts (Table 3); these sequences were
two isoforms of the G protein-coupled receptor moody-like. We decided to keep these
sequences in Table 3 because the conserved domains in these proteins are characteristic
of the G protein-coupled receptors. This family contains several opsin family mem-
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Table 3. Transcripts identified from PNC throught PIA pipeline compared with crayfish eyestalk tran-
scriptome data.

Pleonal nerve cord (current study) Eyestalk (Manfrin et al. 2015)
Gene Top BLAST hit-Protein aa Access Contig ID aa Homology
number (Procl_ES) (Percentage)
Set 3. Elements of the rhabdomeric phototransduction pathway
Rdge Serine/threonine protein phosphatase 1 329  MNI110024 983 329 100
Ppp2ch Serine/threonine-protein phosphatase 2A catalytic 309  MNI110029 1697 309 100
subunit beta isoform

G alpha Guanine nucleotide-binding protein G(q) subunit alpha 353 ~ MF279133 1935_0 353 94
Guanine nucleotide-binding protein G(s) subunit alpha 379 MN110031 1880_0 285 100
Guanine nucleotide-binding protein G(i) subunitalpha 355  MN110025 6610_0 355 100
Guanine nucleotide-binding protein G(o) subunit alpha 262 MN110018 2664_0 354 100

G beta Guanine nucleotide-binding protein subunit beta-5-like 189  MN110034 5560_0 354 98
Gnbl Guanine nucleotide-binding protein G(I)/G(S)/G(T) 340  KY974308.1 1098_0 340 100

subunit beta-1

Ggammal — Guanine nucleotide-binding protein subunit gamma-1 100 MT601685 3444 0 102 100

nonA Protein no-on-transient A 467  MN110015 - - -
Dagk Eye-specific diacylglycerol kinase isoform X3 902  MF279134 1599_0 467 100
Ple 1-Phosphatidylinositol 4,5-bisphosphate 733 MNI110020  3323_0 1005 95
Phosphodiesterase delta-4-like 2268_0 904 96

Phke cAMP-dependent protein kinase catalytic subunit 1 352 MNI110019 2373 507 96
Protein kinase C 602  MNI110035 5727_0 747 100

Arr Beta-arrestin 1 263  MNI110013 WCS - -
rdgB Phosphatidylinositol transfer protein beta isoform-like 270 ~ MN110014 22270 270 100

Set 4. Opsins

moody Putative G-protein coupled receptor moody-like 504  MTG601688  13547_0 739 100
moody G-protein coupled receptor moody-like isoform X2 407  MTG601689  6096_0 411 99
Short wavelength-sensitive opsin 391 ALJ26468 11143_0 391 99
Long wavelength-sensitive opsin 377 ALJ26467 23_0 377 100

Table 4. Transcripts identified from PNC through PIA pipeline compared with crayfish eyestalk tran-

scriptome data

Pleonal nerve cord (current study) Eyestalk (Manfrin et al. 2015)
Gene Top BLAST hit-Protein aa Access number Contig ID aa Homology
(Procl_ES) percentage
Set 5. Components of ciliary phototransduction
Revrn Neurocalcin homolog isoform X2 192 MN110027 2966_0 192 99
nes-2 Neuronal calcium sensor 2-like 188 MN110022 3948_0 188 100
Rgs9 Regulator of G-protein signaling 9-like 170 MN110033 5623_0 962 100
Regulator of G-protein signaling 7-like 125 MN110036 3602_1 486 99
Putative regulator of G protein signaling 255 MN110028 48720 1534 100

bers that are typical rhodopsin superfamily members. This set also contains two opsin
sequences previously reported by other authors; although we did not identify them
in the current analysis carried out with the PIA analysis, we consider it convenient
to include them here because their expression in the PNC has already been reported
(Kingston and Cronin 2015).

Set 5 includes genes identified by PIA analysis in the phylogenetic family of signaling
cascades in ciliary photoreceptors (Table 4). The ciliary photoreceptors are traditionally
associated with vertebrate eyes; however, several transcripts included in the phylogenetic
tree from PIA for this type of photoreceptor were identified in the PNC transcriptome.
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Table 5. Transcripts identified from PNC through PIA pipeline compared with crayfish eyestalk tran-
scriptome data.

Pleonal Nerve Cord (Current study) Eyestalk (Manfrin et al. 2015)

Gene Top BLAST hit-Protein aa Access Number Contig ID aa Homology

(Prcl_ES) (Percentage)

Set 6. Elements of melanin synthesis pathway
Csad Cysteine sulfinic Acid Decarboxylase 417 MN110038 4782_0 603 100
Ppo Prophenoloxidase 441 MH156427 2348_0 495 99
Set 7. Elements of pterin synthesis pathway
Xddh Aldehyde oxidase 435 MN110003 7559_0 1314 929
Indole-3-acetaldehyde oxidase-like 536 MN110004 8366_0 1340 99
Sepia Pyrimidodiazepine synthase 241 MN110006 5690_1 102 100
Dhpr Dihydropteridine reductase-like 235 MN110005 1504_0 235 100
Ped Pterin-4-alpha-carbinolamine dehydratase-like 101 MN110007 2287_0 157 100
Spr Sepiapterin reductase-like 185 MN110009 12527_0 274 100
Set 8. Elements of ommochrome synthesis pathway
Abcgl  ATP-binding cassette sub-family G member 1-like 156 MN110008 6760_0 700 100
ABC transporter, subfamily ABCB/MDR 270 MT942646 8046_0 1341 100
Alad Delta-aminolevulinic acid dehydratase 280 MN110039 3984_0 338 100
Alas2 5-aminolevulinate synthase, Erythroid-specific, 215 MT942644 2230_0 534 99
Mitochondrial-like isoform X5

Uros Uroporphyrinogen-III synthase 252 MH156441 5238_0 345 99
Urod Uroporphyrinogen decarboxylase 107 MN110037 4848_0 359 100

Potential’s regulators of G-protein signaling predominate in this group; the neurocalcin
homolog has 96% identity with Drosophila melanogaster’s reported sequence and with
neuronal calcium sensor 2-like protein (alignments not shown), which is another regu-
lator of G protein-coupled receptors that act in a calcium-dependent manner. In this
set, all sequences were also identified in the eyestalk, with 99-100% identity.

Sets 6-9 contain enzymes in several pigment biosynthesis pathways (Table 5). Pro-
phenoloxidase activates the cascade to synthesize melanin, while cysteine sulfonic acid
decarboxylase is part of the taurine biosynthesis pathway, which is related to various
biological processes in response to cAMP. Sets 7 and 8 encompass enzymes that partici-
pate in the synthesis pathways of several pigments, such as brown ommochromes and
red drosopterins. Both contribute to the typical eye color phenotype of Drosophila and
serve as light-screening pigments; these are several types of pigments that have been
reported in the integument underlying the exoskeleton and in the compound eyes of
some arthropods (Ziegler 1961; Cerenius et al. 2008; Kim et al. 2013).

In the Ommochrome synthesis set, we recognized the scarlet-brown gene that en-
codes an ATP-binding domain of the ABC transporters family. This is a water-soluble
domain of transmembrane ABC transporters; it uses the hydrolysis of ATP to trans-
locate a variety of compounds across biological membranes and is also responsible for
the transportation of guanine, tryptophan, and histamine precursors of eye pigments
in planthopper (Jiang and Lin 2018), and Drosophila melanogaster (Borycz et al. 2008).

Set 9 in Table 5 contains 4 enzymes related to the Heme B biosynthesis pathway,
one of the best-known complexes of the porphyrin family. The porphyrinoid pigments
play crucial roles in protection against UV light (Martins et al. 2019), and in the pro-
cesses of circadian rhythm maintenance and metabolism (Carter et al. 2017).
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Table 6. Transcripts identified from PNC though PIA pipeline compared with crayfish eyestalk tran-
scriptome data

Pleonal Nerve cord (current study) Eyestalk (Manfrin et el. 2015)
Gene Top BLAST hit-Protein aa Access Number Contig ID aa Homolog
(Procl_ES) Percentage
Set 10. Elements identified in the set of circadian clock
Slo Calcium-activated potassium channel variant 4 263 QIA97593 4724_0 1172 100
Lark RNA-binding protein lark 308 QIA97594 2543_0 308 100

Table 7. Transcripts identified from PNC through PIA pipeline compared with crayfish eyestalk tran-

scriptome data

Pleonal Nerve Cord (Current study) Eyestalk (Manfrin et al. 2015)

Gene Top BLAST hit-Protein aa Access Number Contig ID aa Homology

(Procl_ES) Percentage
Set 11. Elements associated with crystalline proteins

GstS1 Glutathione S-transferase theta 221 MH156430.1 5690_1 241 100

Aldh Aldehyde dehydrogenase (omega-crystallin) 523 MN110030 2528_0 523 100

Cryaa Alpha-crystallin A chain 139 MT601686 721_0 163 24

ibpB Small heat shock protein, 184 MG910470 554_0 184 100

hiflan Hypoxia inducible factor 1 alpha 1054 MW981273 2830_0 523 96

Because light is the primary synchronizer in the regulation of circadian rhythms,
the PIA pipeline facilitates identification of some transcripts related to the molecular
pathway of the circadian clock. In Set 10 of Table 6, we identify a partial transcript
of the Calcium-activated potassium channel transcript in crayfish. In Drosophila, this
channel was sequenced by Atkinson et al. (1991). This potassium channel is activated
by membrane depolarization and by increases in cytosolic Ca®*; it mediates the export
of K*. We identified the partial sequence of a transcript that allowed us to deduce a
263-amino acid fragment. This fragment has 100% identity grade to the sequence
from the eyestalk of crayfish (Procl ES_4724_0) and has similarity of 92% to the
1184-amino acid sequence from Drosophila melanogaster (GenBank:AAA28902.1) (see
https://doi.org/10.5061/dryad.pg4f4qrqp ).

The identified gene /ark in PNC has 100% identity to the corresponding sequence
identified in the eyestalk (Procl_ES_2543_0) of the crayfish; it is 52% similar to that
found in Drosophila melanogaster (GenBank: Q94901.1) (see https://doi.org/10.5061/
dryad.pg4f4qrgp).

Set 11 contains transcripts related to soluble proteins called crystallins (Table 7).
Crystallins are water-soluble proteins; in vertebrates, the refractive index of the lens-
es depends on the concentrations of these proteins. Previous research has proposed
that, in vertebrates, crystallins have been recruited from stress-protective proteins as
small heat-shock proteins (Tomarev and Piatygorsky 1996). In the PNC transcrip-
tome of crayfish, we have identified the transcript of the alpha-crystallin A chain, as
well as 2 enzymes related to crystallins identified in cephalopods (S-crystallins and
Q-crystallins). In this phylogenetic family, the PIA pipeline also allows us to iden-
tify the transcript that encodes the small heat-shock protein that contains the alpha-
crystallin domain (ACD) of alpha-crystallin-type small heat-shock proteins (sHsps).
sHsps are small stress-induced proteins. In this set, we also identify hypoxia-inducible
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factor 1 alpha, which contains the PAS domain. PAS domains have been found to
bind ligands and act as sensors for light and oxygen in signal transduction (https://
www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi). These sequences were also identified
in the eyestalk transcriptome, with 96-100% similarity; the alpha-crystallin A chain
shows 24% similarity with the sequences in the eyestalk.

All genes identified here from the PNC were edited for annotation and submit-
ted to the GenBank database of the National Center for Biotechnology Information
(NCBI); the assigned accession number appears in the fourth column of each table.
We have included Suppl. material 1 with all sequences available in the GenBank data-
base (www.ncbi.nlm.nih.gov/genbank; see https://doi.org/10.5061/dryad.pg4f4qrqp).

Discussion

Invertebrates preserve various organs to sense light. In addition to retinal photorecep-
tors, crayfish possess extraretinal photoreceptors in the cerebroid ganglion and the ab-
dominal nerve cord. These photoreceptor groups contribute differentially to phototactic
motor behaviors and the synchronization of circadian rhythms (Wilkens and Larimer
1972; Edwards 1984; Simon and Edwards 1990; Fernindez-de-Miguel and Aréchiga
1992; Rodriguez-Sosa et al. 2008; Sullivan et al. 2009; Rodriguez-Sosa et al. 2012).

We present in this study the putative molecular components of the extraocular
phototransduction system identified from the transcriptome of the PNC of the cray-
fish P clarkii. We identify 62 transcripts that encode proteins potentially involved in
the development processes of photoreceptor structures, phototransduction cascades,
pigment biosynthesis, crystalline structures, and circadian rhythms. This constitutes
the first report on the comprehensive identification of genes with a putative functional
identification in extraretinal phototransduction from the PNC of the crayfish P clarkii.

The genetic information on the PNC in this study allows us to make comparisons
to the eyestalk transcriptome of the same species, as reported by Manfrin et al. (2015).
The comparison between the proteins deduced from transcriptomic sequences in the
eyestalk and abdominal nerve cord shows a 100% identity grade in almost all sequenc-
es (Tables 1-7). We also note that, although some of the transcripts that we identified
in the PNC transcriptome were partial sequences, in all cases it was nevertheless possi-
ble to identify characteristic conserved domains in the proteins translated. Our results
confirm that most molecules of the transduction pathways are common to both retinal
and extraretinal photoreceptors, as previously suggested by Gotow and Nishi (2008),
and by Kingston and Cronin (2015).

However, we also found five transcripts in the PNC that we could not identify
in the eyestalk transcriptome. These differences were in Sets 1, 2, and 3, suggesting
some functional peculiarities between retinal and extraretinal photoreceptors. Set 1
(corresponding to the phylogenetic family of the retinoid pathway) contains the first 2
differences. One of these genes is Rdh13, which encodes retinol dehydrogenase 13; in
humans, this enzyme participates in retinoid metabolism and oxidizes all-trans-retinol,
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although it seems to reduce all-trans-retinal with much greater efficiency (Belyaeva
et el. 2008). The other gene that we do not identify in the eyestalk is Crabp1, which
encodes the cellular retinoic acid-binding protein 1-like protein, which may regulate
the access of retinoic acid to the nuclear retinoic acid receptors.

The second group of genes listed in Table 2 contains several genes associated with
development processes; among these are several transcriptional regulators. In this phy-
logenetic family, the £# and Hh genes were not found in the eyestalk; these encode
the proteins homeobox protein engrailed-1 and hedgehog protein, respectively. These
transcription factors are involved in the development, survival, and differentiation of
neuronal photoreceptors (Altieri et al. 2016; Li et al. 2016).

Interestingly, in the same set, we identified the expression of the Pph gene in the
PNC. The protein encoded by this gene is the putative retinal homeobox protein
Rx2, which plays a critical role in eye formation by regulating the initial specifi-
cation of retinal cells. This transcription factor is necessary for mushroom body
development in the Drosophila brain and is conserved between vertebrates and flies
(Kraft et al. 2016).

Generally, the rhabdomeric photoreceptors are associated with invertebrate eyes; func-
tional Set 3 corresponds to elements of rhabdomeric phototransduction. From the identi-
fied transcripts, we can identify the 1-phosphatidylinositol 4,5-bisphosphate phosphodi-
esterase delta-4-like protein (pled4), which hydrolyzes phosphatidylinositol 4,5-bisphos-
phate (PIP2) to generate two second messenger molecules: DAG and inositol 1,4,5-tris-
phosphate (IP3). This confirms a previous study by Krusewzka and Larimer (1993).

In this set, we have also identified four different transcripts that encode the o
subunits of the heterotrimeric G proteins. These proteins can be identified by their o
subunits, and they are grouped into four families based on their sequences and func-
tionality. The four G-protein families are Gas, Gai, Gaq, and Ga,, (Syrovatkina et
al. 2016). In the PNC, we have identified members of three of these families: from
the Gai family, we identified two members (Gai and Goo); the other two were Gas
and Gogq. Previous research has established that the Gas and Gai families of G pro-
teins may regulate adenylyl cyclases, leading to increased or reduced intracellular levels
of cAMD, respectively; another research also shows that the Gas subunit and cAMP
participates in phototransduction in jellyfish (Koyanagi et al. 2008). In the simple
photoreceptors (Ip-2 or Ip-1) of the abdominal ganglion of Onchidium verruculatum,
phototransduction is triggered by a Go-type protein coupled to guanylate cyclase. This
c¢GMP cascade contrasts with the phototransduction cGMP cascade mediated by the
Gt-type G protein coupled to phosphodiesterase in vertebrate photoreceptors (Gotow
and Nishi 2008). The heterotrimeric G protein also contains GBY subunits, although
we only identified a sequence of the GB5 subunit that is generally expressed in the
brain (Syrovatkina et al. 2016). It would be interesting to study whether the various
G proteins identified are probably those that facilitate the various photoresponsive
characteristics of CPRs. As we have previously noted, the extraretinal photoreceptor
presents spontaneous activity, as well as a rthythmic and differential photoresponse to
monochromatic stimulation of blue and green light. Importantly, these photorecep-
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tors are also modulated by serotonin and dopamine and are coupled to G proteins
(Welsh 1934; Rodriguez-Sosa et al. 2003, 2006, 2007, 2011; Pacheco-Ortiz et al.
2018; Sinchez-Herndndez et al. 2018).

Notably, we did not identify any of the two opsins previously reported in both the
eyestalk and the PNC of this species (Kingston and Cronin 2015), although it is possi-
ble that the PIA did not find a sufficient level of similarity to the sequences of the phy-
logenetic families that it uses for identification. However, in the eyestalk transcriptome
reported by Manfrin et al. (2015), these two opsins are expressed. The sequence of the
long-wavelength-sensitive opsin in the crayfish 2 clarkii has been reported in three dif-
ferent studies (Hariyama et al. 1993; Kingston and Cronin 2015; Manfrin et al. 2015).
A comparison between these sequences shows a similarity of 98-100% (Figure 1A).
The short-wavelength-sensitive opsin recently reported in the eyestalk and PNC by
Kingston and Cronin (2015) is also found in the list of transcriptomes identified in the
eyestalk (Manfrin et al. 2015)%°). These two sequences are 100% identical (Figure 1B).

While the eyestalk transcriptome contains 19 sequences identified or related to the
protein beta-arrestin, none were like the beta-arrestin-1 identified in the PNC. This
protein participates in the deactivation of the ciliary and rhabdomeric cascades and is
regenerated by retinal binding proteins (Peterson et al. 2017). This particularity merits
further exploration in future studies, since beta-arrestin-1 may be a determining element
in the characteristics of retinal and extraretinal photoresponsiveness in this crustacean.

Because ciliary photoreceptors are generally associated with vertebrate eyes, we did
not expect to identify genes of both phototransduction cascades in this structure with
simple photoreceptors. This finding suggests that these light-mediated biochemical
processes are highly conserved and coexist in various invertebrate species, as previous
studies have shown (Arendt et al. 2004; Gotow and Nishi 2008; Veraszté et al. 2018).

The physical appearance of the nervous tissue in the crayfish is of a whitish color;
the presence of numerous enzymes that participate in the synthesis pathways of various
pigments is remarkable. The pigment expression in this structure suggests that the pig-
ments are associated with various functions. For example, one of the functional gene
sets is related to the melanin synthesis pathway; melanin is a unique pigment with
several functions and is found in all biological kingdoms (Eisenman and Casadevall
2012). It plays a major role in skin homeostasis by conferring photoprotection and
is also involved in neutralizing free radicals and reactive oxygen species, promoting
fitness and cell survival, and encapsulating harmful metabolites; it is synthesized in
response to microbial infections in invertebrates (Casadevall et al. 2017; Maranduca et
al. 2019; Zhang et al. 2019).

Similarly, pterin is a member of the group of compounds called pteridines. Some
microorganisms utilize cyanide and heavy metals for the efficient production of pterin
compounds, and the antimicrobial activity of pterin has been studied and substanti-
ated by antagonistic activity against Escherichia coli and Pseudomonas aeruginosa. Fur-
thermore, the pterin compound has been proven to inhibit the formation of biofilm.
The extracted pterin compounds may function as antioxidants or antimicrobials (Ma-
hendran et al. 2018) in various organisms such as P clarkii.
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A

P35356.1 MSSWSNQPAMDDYGLPSSNPYGNFTVVDMAPKDILHMIHPHWYQYPPMNPMMYPLLLIFM 60
ALJ26467.1 MSSWSNQPAMDDYGLPSSNPYGNFTVVDMAPKD ILHMIHPHWYQYPPMNPMMYPLLLIFM 60
Procl ES 23 0 MSSWSNQPAMDDYGLPSSNPYGNFTVVDMAPKDILHMIHPHWYQYPPMNPMMYPLLLIFM 60
kkkkkkkhhhhhhhhhhhhhhhhhhhhkhkhhhkhhhhhkhhhhhkhhhkhkhhkkhkhhkrhkhhrhhkx
P35356.1_ LFTGILCLAGNFVTIWVEMNTKSLRTPANLLVVNLAMSDFLMMFTMFPPMMVTCYYHTWT ~ 120
ALJ26467.1 LFTGILCLAGNFVTIWVEMNTKSLRTPANLLVVNLAMSDFLMMETMEPPMMVICYYHTWT 120
Procl _ES_23 0 LFTGILCLAGNFVTIWVEMNTKSLRTPANLLVVNLAMSDFLMMETMEPPMMVICYYHTWT 120
kkkdkkkkdkkhhhdkhhhdkhhhdkhhhdkkhhkkkkdkhhhdkkhhkkhhkkhkkkkkkkkkhkdkkk
P35356.1 LGPTFCQVYAFLGNLCGCASIWTMVFITFDRYNVIVKGVAGEPLSTKKASLWILTIWVLS 180
ALJ26467.1 LGPTFCQVYAFLGNLCGCASIWTMVEI TFDRYNVIVKGVAGEPLSTKKASLWILTIWVLS 180
Procl ES_23 0 LGPTFCQVYAFLGNLCGCASIWTMVEI TFDRYNVIVKGVAGEPLSTKKASLWILTIWVLS 180
dkkdkkkkdkdkkkdkdkkhkdkhhhdkhkhhdkdkkhdkdkkkdkkhhdkdkhhkkkhdkdkkkdkkkkdkdkkkdkdkkk
P35356.1 ITWCIAPFFGWNRYVPEGNLTGCGTDYLSEDILSRSYLYDYSTWVYYLPL-LPIYCYVSI ~ 239
ALJ26467.1 ITWCIAPFFGWNRYVPEGNLTGCGTDYLSEDILSRSYLYVYSTWVYFLPLAITIYCYVFI 240
Procl _ES_23 0 ITWCIAPFFGWNRYVPEGNLTGCGTDYLSEDILSRSYLYVYSTWVYFLPLAITIYCYVFI 240
hhkkkkkkkhhhhhhkhkhkhhhhhhhhhkhkkhkhkkhhhhhhkk *hkdhdhdk; kkk kkkkk K
P35356.1 IKAVAAHEKGMRDQAKKMGIKSLRNEEAQKTSAECRLAKIAMTTVALWEIAWTPYLLINW 299
ALJ26467.1 IKAVAAHEKGMRDQAKKMGIKSLRNEEAQKTSAECRLAKIAMTTVALWFIAWTPYLLINW 300
Procl _ES_23 0 IKAVAAHEKGMRDQAKKMGIKSLRNEEAQKTSAECRLAKIAMTTVALWFIAWTPYLLINW 300
dkkdkkkkdkdkhhhdkhhhdkhhhdkhhhdkkhhkkhhdkhhhdkhhhdkkkhdkkkkkkkkdkdkkkdkdkkk
P35356.1 VGMFARSYLSPVYTIWGYVFAKANAVYNPIVYATISHPKYRAAMEKKLPCLSCKTESDDVS 359
ALJ26467.1 VGMFARSYLSPVYTIWGYVFAKANAVYNPIVYATSHPKYRAAMEKKLPCLSCKTESDDVS 360
Procl ES_23 0 VGMFARSYLSPVYTIWGYVFAKANAVYNPIVYATSHPKYRAAMEKKLPCLSCKTESDDVS 360
kkkkkkkhkhhkhkhhhhkhhhhhhhhhhkhkhkhkhhhhhhhkhhkhhkhhkhkhkhkhkkkkhkkhkkhkkkkkx
P35356.1 ESASTTTSSAEEKAESA- 376
ALJ26467.1 ESASTTTSSAEEKAESA- 377
Procl ES_23 0 ESASTTTSSAEEKAESA* 377
kkkkkkkdkkkkdkkkkkk
ALJ26468.1 MALLDGLTLPGAGMTNDTNLIRPALFRSGEGVAAGGRYEMRMLGWNTPSEYMDYVHPYWK 60
Procl_ES_11143_0 MALLDGLTLPGAGMTNDTYLIRPALFRSGEGVAAGGRYEMRMLGWNTPSEYMDYVHPYWK 60
khkkhkkkkhhkhhkhdhhhhdhd hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhkkkhrhkkx
ALJ26468.1 TFQAPNPFLHYMLAVLY IMFMFAALVGNGVVIWVFTSAKNLRTPSNMFIINLAILDFIMM 120
Procl _ES_11143 0 TFQAPNPFLHYMLAVLY IMFMFAALVGNGVVIWVFTSAKNLRTPSNMFIINLAILDFIMM 120
kkkdkkkkdkkhhhdkhhhdkhhhdkhhhdkkhhkkkkdkhhhdkkhhkkhhkkhkkkkkkkkkhkdkkk
ALJ26468.1 LKTPVFIVNSFNEGPIWGKLGCDTFALMGSYSGVGGAVINAATAYDRYKTIAKPFEAKIS 180
Procl ES_11143 0 LKTPVFIVNSFNEGPIWGKLGCDTFALMGSYSGVGGAVTNAATAYDRYKTIAKPFEAKIS 180
Fkkkkkkkkkhhdkhkhdkhkkdkhk ok k ko kkkhkkkhkkkhkkkkkkkkkkkkkkkdkkx
ALJ26468.1 RGTALMMVVGIWAYASPWALLPLENIWGRFVPEGFLTTCTFDYMSEDASTRAFVGSIFVE 240
Procl ES_11143 0 RGTALMMVVGIWAYASPWALLPLENIWGRFVPEGFLTTCTFDYMSEDASTRAFVGSIFVE 240
hkkdkkkkkdkkkkdkhhkdkhhhdkhhhdkkhhkkhkdkhhhdkkhhdkkhhdkkkhkkkkkkkkkdkkk
ALJ26468.1 AYIVPGSLVFYFYGQIFVHVRAHEQAMREQAKKMNVANLRSVGSHEDQEKSVEIRIAKVC 300
Procl ES_11143 0 AYIVPGSLVFYFYGQIFVHVRAHEQAMREQAKKMNVANLRSVGSHEDQEKSVEIRIAKVC ~ 300
kkkkkkkhkhhkhhhhkhhhhhhhhhhhkhhkhkhhhkhhkhhkhhhhkhhkhkhkkhkkkkhkkkkkkkkkx
ALJ26468.1 MGLFFLFLISWIPYAVVALIAAFGDRSKLTPLVSMIPALTCKFVACVDPWVYAINHPRYR 360
Procl ES_11143 0 MGLFFLFLISWIPYAVVALIAAFGDRSKLTPLVSMIPALTCKFVACVDPWVYAINHPRYR 360

ALJ26468.1
Procl ES_11143 0

kkkdkkkkdkdkhhhkhhhdkhhhdkhhhdkkhhdkkhkdkhhhdkhhhkhhhkkkkkkkkdkdkkkkdkkk

LELQKRMPWFCIHEEKPQDTISQSTCETEKA 391
LELQKRMPWFCIHEEKPQDTISQSTCETEKA 391
Ikkkkkkkkkkkhkkkkhhkhhkkkkhkkdkk

Figure. |. Comparative alignments of opsins reported in the crayfish Procambarus clarkii A long-wave-
length-sensitive opsin (UniProtKB/Swiss-Prot: P35356.1; Hariyama et al. 1993); (GenBank: ALJ26467
1; Kingston and Cronin 2015); (Procl_ES_23_0; Manfrin et al. 2015) B short-wavelength-sensitive opsin
(GenBank: ALJ26468.1; Kingston and Cronin 2015); (Procl_ES_11143_0; Manfrin et al. 2015)
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We also identify four enzymes that participate in the biosynthesis of the heme group,
a cofactor involved in multiple cellular processes. One of the best known of these is the
binding of oxygen to hemoglobin and myoglobin, although it has also been established
that heme can interact with transcription factors that regulate genes participating in the
maintenance of circadian rhythms (Carter et al. 2017; Martins et al. 2019).

In the PNC transcriptome, we have identified two transcripts that encode proteins
involved in diurnal rhythms (Table 6). The gene /ark encodes an RNA-binding protein
that may be required in Drosophila for circadian repression of eclosion (www.uniprot.
org/uniprot/ Q94901), as well as for the calcium-activated potassium channel slowpoke
(GenBank: Q03720 and AAA28902.1). A study on Drosophila has recently reported
that this potassium channel functions in central clock cells, in addition to multiple
components of the circadian circuits; these authors suggest that it contributes to gen-
erating rhythms of daily neuronal activity and facilitates the propagation of circadian
information through output circuits (Ruiz et al. 2021). While Sullivan et al. (2009)
report that the CPRs do not originate the circadian rhythm from the locomotor activ-
ity in crayfish, the CPRs are essential for maintaining synchronization of this circadian
rhythmicity in crayfish within the 24-h light-dark cycle (Rodriguez-Sosa et al. 2012).
It would be interesting to study the participation of this calcium-activated potassium
channel in the expression of the circadian spontaneous response of the CPRs in the
PNC (Rodriguez-Sosa et al. 2008).

Finally, crystallins are proteins that contribute to the transparency and refractive in-
dex of the lens in vertebrates. However, their expression in the PNC is probably associated
with other functions that have been described for crystallins outside of the lens; primarily,
they have been linked to protective functions against some stressors and the maintenance
of cytoplasmic order (Tomarev and Piatygorsky 1996; Slingsby and Wistow 2014).

Although retinal and extraretinal photoreceptors in crayfish show significant mor-
phological differences regarding structure, the phototransduction pathways at the mo-
lecular level have common pathways, as we show in this study. Interestingly, these very
different cell types share molecular components of photoreception and other associ-
ated metabolic pathways.

We believe that the knowledge of the molecular components involved in the pho-
totransduction of the caudal photoreceptors and other associated metabolic pathways
which we present in this study can serve as an essential primary resource for future
research while also facilitating the comparative analysis of photoreception processes
with other species of decapod crustaceans.

Conclusions

Unlike the image-forming function in the eyes, extraretinal photoreception has not
been deeply studied, particularly at the molecular level. In this study, we have de-
scribed 62 transcripts from the PNC of the crayfish Procambarus clarkii, using a bio-
informatics tool that identifies phylogenetic families of light-interacting transcripts.
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We compared these results to the crayfish eyestalk transcriptome described by other
researchers (Kingston and Cronin 2015; Manfrin et al. 2015), finding that the high
similarity in both transcriptomic sequences structures suggests that extraretinal and
retinal photoreceptors share common mechanisms of phototransduction.

The molecular components described here potentially underlie photoreceptor
development, pigment synthesis, phototransduction, and the regulation of circadian
rhythm from the pleonal nerve cord of this species. We identify 5 transcripts that are
expressed only in the transcriptome of the PNC. Furthermore, phototransduction
in the extraretinal photoreceptors presents differences that merit further elucidation
in future studies.

All these sequences are available in the GenBank database. We hope that the avail-
ability of these sequences will facilitate access for other researchers performing mo-
lecular-level studies and comparative analyses on these processes in future studies on
decapod crustaceans.
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Abstract

The systematics of four species of the homolodromiid genus Dicranodromia A. Milne-Edwards, 1880,
from East Asia and the Philippines is reappraised: D. danielac Ng & McLay, 2005, D. doederleini Ort-
mann, 1892, D. karubar Guinot, 1993, and D. martini Guinot, 1995; and key characters such as the
epistome, gonopods, and spermatheca are figured in detail. Two new species, D. erinaceus sp. nov. and
D. robusta sp. nov., are described from Taiwan and the Philippines, respectively. Dicranodromia erinaceus
sp. nov. resembles D. spinulata Guinot, 1995, and D. delli Ahyong, 2008 (from New Caledonia and New
Zealand) but can be separated by its distinctly spinulated carapace surfaces and proportionately shorter
fifth ambulatory legs. Dicranodromia robusta sp. nov. is superficially similar to D. baffini (Alcock & An-
derson, 1899) and D. karubar Guinot, 1993, but can easily be separated by possessing a broad dorsoven-
trally flattened infraorbital tooth. A genetic study of the species using the mitochondrial cytochrome ¢ oxi-
dase I gene confirms that the taxa are distinct, with D. erinaceus sp. nov. coming out in a well-supported
clade from congeners. The megalopa of D. doederleini is also reported for the first time.
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Introduction

The deep-water carrier crabs of the homolodromiid genus Dicranodromia A. Milne-Ed-
wards, 1880, are represented by 20 species from the Atlantic, Indian, and Pacific Oceans
(Guinot 1995; Ng and McLay 2005; Ng and Naruse 2007; Ahyong 2008; Ng et al.
2008; Tavares and Lemaitre 2014). Of these, 11 species are known from the Indo-West
Pacific: D. baffini (Alcock & Anderson, 1899), D. chenae Ng & Naruse, 2007, D. cros-
nieri Guinot, 1995, D. danielae Ng & McLay, 2005, D. delli Ahyong, 2008, D. doeder-
leini Ortmann, 1892, D. foersteri Guinot, 1993, D. karubar Guinot, 1993, D. martini
Guinot, 1995, D. nagaii Guinot, 1995, and D. spinulata Guinot, 1995.

We describe two additional species from Taiwan and the Philippines. The Taiwan-
ese material had been misidentified as “D. doederleini” by earlier workers, while the
Philippine specimens had been incorrectly identified by field collectors as “D. delli”.
We also take this opportunity to update the character states of some poorly known spe-
cies and refigure them so that they are better defined. In particular, we add male first
and second gonopod characters for the species as they are useful to discriminate some
of the taxa. Their taxonomy is also discussed. In addition, we also report on the larvae
of an ovigerous female of D. doederleini which had been kept in the aquarium.

Materials and methods

Material examined is deposited in the National Taiwan Ocean University (NTOU),
Keelung, Taiwan; and the Zoological Reference Collection (ZRC) of the Lee Kong
Chian Natural History Museum, National University of Singapore. Measurements are
provided in millimetres of the maximum carapace width and length. The ambulatory
leg articles are measured along their maximum length while the width is determined at
midlength where it is widest.

The terminology used follows Guinot (1995) and Davie et al. (1995). In Dicrano-
dromia, the groove of G1 in which the G2 is inserted is on the dorsal surface of the
structure (relative to the carapace), and in situ, the lobes present on the subdistal part
are on the outer margin, i.e., directed laterally outwards. The following abbreviations
are used: coll. = collected by; G1 = male first gonopod; G2 = male second gonopod;
P2-P5 = pereiopods 2—5 (ambulatory legs 1-4).

For the molecular analysis, a total of seven individuals were used (as indicated
on the material examined of each species below). Two species, D. danielae and D. ro-
busta sp. nov., could not be tested as they had originally been preserved in formalin.
Crude genomic DNA was extracted from the muscles of the pleon using QIAamp
DNA Micro Kit (Qiagen, Cat. No. 56304, Valencia, CA, USA) following the pro-
tocol of the manufacturer. The DNA barcoding gene (mitochondrial cytochrome ¢
oxidase I, COI; cf. Hebert et al. 2005) was amplified using the universal primer set
(LCO1490/HCO2198, 657 bp; Folmer et al. 1994). PCR reaction components,
temperature cycling conditions and sequencing reaction followed those used in Ng
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et al. (2018). For comparisons, the COI sequence of Homolodromia kai Guinot,
1993 (voucher number ZRC 2018.0109) was obtained and used as the outgroup
for the analysis.

The resulting sequences were firstly translated into the corresponding amino acids
by EditSeq (LASERGENE; DNASTAR) to check for pseudogenes (Song et al. 2008).
BioEdit v.7.1.3.0 (Hall 1999) was then used to align and edit the COI dataset, with
MEGA v. 7 (Kumar et al. 2016) used to calculate the uncorrected pairwise distances
(p-distance). Maximum likelihood (ML) method was used to construct the phyloge-
netic tree by RAXML v.7.2.6 (Stamatakis 2006). ML analysis settings followed the
model of general time reversible with a gamma distribution GTRGAMMA) for the
COI dataset. Branch confidence of the tree topology was assessed using 1,000 boot-
strap replicates (Felsenstein 1985).

Systematic account

Family Homolodromiidae Alcock, 1899
Genus Dicranodromia A. Milne-Edwards, 1880

Type species. Dicranodromia ovata A. Milne-Edwards, 1880, by monotypy; gender
feminine).

Remarks. As the number of species has increased and more material has been
examined since the revision by Guinot (1995), a revised key to Dicranodromia is pro-
vided below for the Indo-West Pacific species. To date, there are no shared species
between the Atlantic and Indo-West Pacific.

Key to Indo-West Pacific species of Dicranodromia

1 Basal antennal article relatively short, stout; anteroexternal tooth long, subequal

to or longer than rest of article ..........cccoviiiiiiiiiiiiiicc e 2
—  Basal antennal article more elongate; anteroexternal tooth short, distinctly shorter
than rest of article .......oiiiiiiiiiic s 7
2 Carapace and pereiopods covered with short and very dense plumose setae, form-
ing velvet-like tomentum, obscuring surfaces and margins of pereiopods.......... 3
—  Setae of various types and lengths on carapace and pereiopods, can be relatively
dense but never obscuring surfaces and margins of pereiopods.........ccceeueueunnee. 4

3 Carapace proportionately wider, anterolateral and posterolateral margins un-
armed or only with small granules [southern Java and Moluccas]...........ccccucueee.
................................................................................. D. karubar Guinot, 1993

—  Carapace proportionately narrower, anterolateral and posterolateral margins lined
with sharp spinules or granules [Indian Ocean]..........cccccovvvieciiininnicciininnnes

............................................................. D. baffini (Alcock & Anderson, 1899)
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Infraorbital tooth broad, dentiform to linguiform, subequal or larger than exor-
bital tooth [Philippines] .....c.ccccovrueereeriniinieinircnccene D. robusta sp. nov.
Infraorbital tooth triangular, smaller than exorbital tooth...........ccccoevvvviiiannne. 5
Anterior surface of epistome prominently spinose; P2 and P3 merus with distinct
spines on flexor margin [Philippines] ............... D. danielae Ng & McLay, 2005
Anterior surface of epistome at most granulate or with scattered spinules; flexor
margin of P2 and P3 merus unarmed...........ccccocvvivieiciinniniciiineeecne 6
P2 and P3 dactyli short, propodus more than twice length of dactylus [Philip-
PINES] covviiiicitc e D. chenae Ng & Naruse, 2007
P2 and P3 dactyli long, propodus 1.5-1.6x length of dactylus carapace [Philip-
PINES] covtirenieteiiette et D. martini Guinot, 1995
Dorsal surface of carapace covered with distinct spinules, especially along lateral
parts, those on median parts may be present as granules; flexor margin of P2-P5
merus distinctly lined with spines .......oooeoeveiiniiiiniinicccce 8
Dorsal surface of the carapace almost smooth, with granules or spinules present
only on lateral parts; P2 and P3 merus unarmed except for flexor margin some-
times with spinules, P4 and P5 merus unarmed.........c..cccocevevieininciiniincnnenn. 11
Exorbital tooth exorbital tooth triangular, dentiform; posterior margin of
epistome prominently spinose [Madagascar] ............. D. crosnieri Guinot, 1995
Exorbital tooth slender, spiniform; posterior margin of epistome entire, adjacent
area smooth or with scattered spinules ..........cccoeerineiniinncince 9
Median part of dorsal surface of carapace covered with distinct spinules; submar-
ginal area of posterior margin of epistome with several spinules; P2 and P3 rela-
tively short (e.g., P3 propodus less than 7x longer than wide; propodus 1.7x length
of dactylus) [New Caledonia; New Zealand] ............. D. spinulata Guinot, 1995
Median part of dorsal surface of carapace covered with granules, not spinules; submar-
ginal area of posterior margin of epistome unarmed; P2 and P3 relatively longer (e.g.,
P3 propodus more than 8x longer than wide; propodus 1.7x length of dactylus)...10
P2-P5 proportionately shorter (e.g., P3 merus 4.5x longer than wide; P5 merus
just reaching branchiocardiac groove when folded dorsally) [Taiwan]..................
......................................................................................... D. erinaceus sp. nov.
P2-P5 proportionately longer (e.g., P3 merus 6.6x longer than wide; P5 merus
longer and more slender, extending beyond branchiocardiac groove when folded

dorsally) [New Zealand]........cccoveinneninicinninnceniennn D. delli Ahyong, 2008
Posterior margin of epistome entire; outer surface of palm in both sexes evenly
covered with granules [Chesterfield Islands] ............... D. foersteri Guinot, 1993

Posterior margin of epistome crenulate; median outer surface of palm in both
sexes smooth, granules only present on subdorsal and subventral margins....... 12
Carapace and pereiopods covered with numerous long stiff setae but not obscur-
ing surfaces and margins [known for certain only from Japan] ..........cccoeeneeie.
......................................................................... D. doederleini Ortmann, 1892
Carapace and pereiopods densely covered with numerous setae of different types;
partially obscuring carapace surface and margins, but almost completely obscur-
ing surfaces and margins of pereiopods [Japan]............ D. nagaii Guinot, 1995
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Dicranodromia doederleini Ortmann, 1892
Figures 1-3

Dicranodromia doederleini Ortmann, 1892: 549, pl. 26, fig. 4; Guinot 1995: 202, figs
2GC, 11a, ¢, d, 12A-C; lTkeda 1998: 54-55, pl. 1 figs 1-6; Ng et al. 2008: 39 (for
complete synonymy, see Guinot 1995: 202).

Material examined. Jaran: 1 @ with 1 megalops (15.9 x 20.2 mm), Sagami Bay,
from aquarium trade, 8 Apr. 2015 (ZRC 2017.1214, COI sequence: OK351331);
1 ovigerous § (14.5 x 19.2 mm), 35°32.51'N, 139°54.74'E, Futttsu, Kanaya, Chiba
Prefecture, 200-250 m, 19 Sep. 2007 (ZRC 2021.0469, COI sequence: OK351333);
13 (10.3 x 8.5 mm), station 29, 34°40.21'N, 139°18.62'E, SW of Izu-Ohshima Is-
land, Izu Islands, 289-307 m, TRV Shin’yo-maru, 2002 research cruise, coll. T. Komai,
24 Oct. 2002 (CBM-ZC 16572, COI sequence: OK351332).

Remarks. This species is well known (for synonymy and records, see Guinot 1995;
Ikeda 1998) but may be a species complex, and specimens from outside the type local-
ity in Japan all need to be rechecked (see Guinot 1995; Ng and McLay 2005).

One female specimen (ZRC 2017.1214) was imported to Singapore via the aquar-
ium trade in early April 2015. On 8 April, the specimen was obtained by Paul YC Ng
and observed to have between 10-20 large eggs under the pleon with the eyes just vis-
ible. It was kept in a cold-water aquarium (ca. 15-20°C) with other crustacean and fish
species. On 18 April, he noted that several eggs had been released into the aquarium
(Fig. 1D) which appeared ready to hatch, and that some of the egg membranes had
ruptured revealing what appeared to be a dead first zoeal stage (Fig. 1E). One speci-
men, however, was apparently a freshly hatched and dead megalopa (Fig. 1F). He ob-
served the first free-crawling megalopa on the female specimen on 24 April (Fig. 1B,
G). Unfortunately, no larvae except one megalopa was preserved (PYC Ng, personal
communication).

The observations above on the eggs and megalopa of D. doederleini provide some
clarity on the larval development in the genus. While it is known the eggs are large and
the development is abbreviated, it is not sure of the eggs hatch into an advanced zoeal
stage or directly into megalopa. Caustier (1895) was the first to report on the first zoea
of Dicranodromia ovata A. Milne-Edwards, 1880, from the Atlantic but he based this
on unhatched embryos and unfortunately, the description was brief, and no figures
were provided. Martin (1991) found a specimen of D. felderi Martin, 1990 from the
western Atlantic, which had well-developed eggs and removed some embryos. On the
basis of these, he described what he regarded was the first zoea. Guinot (1995: 105)
reported that a specimen of D. nagaii from Japan had about 20 megalopae under the
pleon and suggested the eggs hatched directly into this stage. The eggs of D. doeder-
leini are full of yolk, and even the “first zoea” observed are of the lecitotrophic type,
with yolk sacs and appendages, which are poorly or not setose (Fig. 1E). They are very
similar to the condition observed or the dromiid Cryprodromia pileifera Alcock, 1900
which has only one lecitrophic first zoeal stage before the megalopa (Tan et al. 1986).
In Cryptodromia pileifera, however, the zoea is still able to swim and move around in
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Figure 1. Dicranodromia doederleini Ortmann, 1892, @ (15.9 x 20.2 mm) (ZRC 2017.1214), Japan
A colour in life (26 April 2015) B ventral surface showing megalopa (arrow) (26 April 2015) C frontal
view showing megalopa crawling on chela (arrow) and larvae under pleon (24 April 2015) D fresh eyed egg
(not preserved, 18 April 2015) E first zoea (not preserved, 18 April 2015) F freshly hatched megalopa (not
preserved, 18 April 2015) G dorsal view of free moving megalops (26 April 2015). Photographs: PYC Ng.
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Figure 2. Dicranodromia doederleini Ortmann, 1892, ovigerous @ (14.5 x 19.2 mm) (ZRC 2021.0469),
Japan A overall view B dorsal view of carapace C left third maxilliped D frontal view of cephalothorax

E cpistome, antennules, antennae and orbits.

the water column although it only lasts two days before metamorphosing. For the
specimen of D. doederleini that was kept in the aquarium, it would appear that if it
was natural, the young would develop into an advanced zoeal stage while still inside
the egg membrane, and break free only after it metamorphoses into the megalopa.
The transition between the “first zoea” and megalopa, however, is clearly very short,
perhaps a day or less. The condition for Dicranodromia is thus probably similar to that
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Figure 3. Dicranodromia doederleini Ortmann, 1892, ovigerous @ (14.5 x 19.2 mm) (ZRC 2021.0469),
Japan A left chela B left P3 C right P3 dactylus D left P5 E left P5 propodus and dactylus F left P4 pro-
podus and dactylus G anterior thoracic sternum and spermatheca H posterior thoracic sternum showing

spermatheca and female gonopores.

of eubrachyuran marine crabs, some other podotreme crabs and various enbrachyurans
like the epialtids Paranaxia serpulifera (Guérin, 1832) and P keesingi Hosie & Hara,
2016 (Rathbun 1914, 1924; Morgan 1987; Hosie and Hara 2016), and the pilumnids
Pilumnus novaezealandiae Filhol, 1885 and P lumpinus Bennett, 1964 (cf. Wear 1967);
taxa which undergo direct development.
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Dicranodromia martini Guinot, 1995
Figures 4-6, 11A-C

Dicranodromia martini Guinot, 1995: 221, figs 19a—e, 20A—C; Ng and Naruse 2007:
48, figs 1, 3a, b, 4; Ng et al. 2008: 39, fig. 11.

Material examined. PHILIPPINES: | & (12.3 x 16.6 mm), station CP2396, 9°36.3'N,
123°42.0'E, Maribohoc Bay, Panglao, Bohol, Visayas, 609-673 m, PANGLAO 2005
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Figure 4. Dicranodromia martini Guinot, 1995, @ (28.1 v 34.2 mm) (ZRC 2007.0106), Philippines

A overall view B right third maxilliped € dorsal view of carapace D anterior part of carapace (right side
denuded) E frontal view of cephalothorax.
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Figure 5. Dicranodromia martini Guinot, 1995, @ (28.1 x 34.2 mm) (ZRC 2007.0106), Philippines
A cpistome, antennules, antennae and orbits B left chela € right P3 D right P5 E right P5 dactylus

F right P4 G telson H posterior thoracic sternum showing spermatheca and female gonopores.

Expedition, coll. MV DA-BFAR, 31 May 2005 (ZRC 2007.0105); 19 (28.1 x 34.2
mm), station CP2363, 9°06.0'N, 123°25.0'E, Bohol and Sulu Seas, 437-439 m,
PANGLAO 2005 Expedition, coll. MV DA-BFAR, 26 May 2005 (ZRC 2007.0106,
COI sequence: OK331337).
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Figure 6. Dicranodromia martini Guinot, 1995, & (12.3 x 16.6 mm) (ZRC 2007.0105), Philippines
A overall view B dorsal view of carapace € anterior part of carapace (partially denuded) D male telson.

Remarks. Ng and Naruse (2007: 49) commented that the largest female they examined
(28.1 x 34.2 mm, ZRC 2007.0106) has the carapace relatively more inflated with the pos-
terolateral margin distinctly convex and the external orbital tooth more anteriorly directed
when compared to smaller males. In addition, this female specimen is also relatively more
hirsute (Fig. 4A, C, D versus Fig. 6A—C). We see a similar pattern of variation in D. erinaceus
sp. nov., where the smaller males are less swollen and with less setae overall when compared
to larger females (Fig. 16A, B versus Fig. 13A, B). In D. karubar, the exorbital tooth varies
in the angle its directed outwards (Figs 8B, C, 10B). As such, the differences observed for
the specimens of D. martini examined here are regarded as intraspecific and/or size related.
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Figure 7. Colour in life. A,B Dicranodromia karubar Guinot, 1993, &' (28.7 x 34.7 mm) (ZRC
2020.0348), Java € D. karubar Guinot, 1993, ovigerous @ (30.1 x 35.5 mm) (ZRC 2020.0349), Java
D D. karubar Guinot, 1993, ovigerous © (24.8 x 31.5 mm) (ZRC 2020.0348), Java E D. erinaceus sp.
nov., holotype @ (14.0 x 18.0 mm) (NTOU B00126), Taiwan F D. erinaceus sp. nov., paratype 3 (6.9 x
9.5 mm) (ZRC 2021.0084), Taiwan. Photographs: T.-Y. Chan.

Dicranodromia karubar Guinot, 1993
Figures 8-10, 11D-F

Dicranodromia karubar Guinot, 1993: 213, figs 15A-C, 16A-D, 25A, B; Ng et al.
2008: 39; Mendoza et al. 2021: 284, fig. 1A, B.

Material examined. INDONEsIA: 1 &' (28.7 x 34.7 mm), 3 ovigerous 99 (24.8 x 31.5
mm, 27.1 x 33.4 mm, 27.6 x 33.8 mm), station CP39, 8°15.885'S, 109°10.163'E —
8°16.060'S, 109°10.944'E, 528-637 m, substrate partially muddy, plenty of glass sponges,
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Figure 8. Dicranodromia karubar Guinot, 1993, @ (27.1 x 33.4 mm) (ZRC 2020.0348), Java A overall
view B dorsal view of carapace € anterior right part of carapace (denuded) D frontal view of cephalothorax.

echinoderms, polychaeta, galatheids, fishes, sea anemone, gastropods and bivalves, south of
Cilacap, south Java, Indian Ocean, South Java Deep Sea cruise, coll. beam trawl, 30 Mar.
2020 (ZRC 2020.0348); 1 ovigerous ¢ (30.1 x 35.5 mm), station CP51, 7°04.874'S,
106°25.396'E — 7°05.348'S, 106°25.044'E, 569—657 m, substrate coarse sand, mud and
some plastic trash, small crabs, ophiuroids, stalk crinoids, chitons, limpets and sea daisies
on fallen bamboo, Pelabuhanratu Bay, south Java, Indian Ocean, South Java Deep Sea
cruise, coll. beam trawl, 2 Apr. 2020 (ZRC 2020.0349, COI sequence: OK3313306).
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Figure 9. Dicranodromia karubar Guinot, 1993. A=H, ] @ (27.1 x 33.4 mm) (ZRC 2020.0348), Java
1 2 (27.6 x 33.8 mm) (ZRC 2020.0348), Java A epistome, antennules, antennae and orbits B left third
maxilliped C right chela (denuded) D right P3 (denuded) E right P3 dactylus (denuded) F right P5 (de-
nuded) G right P5 propodus and dactylus (partially denuded) H right P4 propodus and dactylus (partially

denuded) I telson J posterior thoracic sternum showing spermatheca and female gonopores.
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Figure 10. Dicranodromia karubar Guinot, 1993. A=C & (28.7 x 34.7 mm) (ZRC 2020.0348), Java

D @ (27.6 x 33.8 mm) (ZRC 2020.0348), Java A overall view B dorsal view of carapace C telson D left
P5 propodus and dactylus.

Remarks. Mendoza et al. (2021) recently recorded D. karubar from southern Java,
over 1000 km from its type locality in the Moluccas. The specimens, however, agree very
well with the descriptions and figures of Guinot (1995) and they are clearly conspecific.

Guinot (1995: 215) noted that the rostrum of this species is at most a tubercle,
which is in conformity with the present material. The merus, carpus and dactylus were
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Figure | 1.A=C Dicranodromia martini Guinot, 1995, & (12.3 x 16.6 mm) (ZRC 2007.0105), Philip-
pines D=F D. karubar Guinot, 1993, & (28.7 x 34.7 mm) (ZRC 2020.0348), Java A,D left G1 (ventral
view) B,E left G1 (dorsal view) C,F left G2. Setae for all structures not figured. Scale bars: 1.0 mm.

described as unarmed by Guinot (1995), but the P5 propodus actually has one or two
spines on the outer surface, which are hard to see as the dense plumose setae obscure
them. In some specimens, the P5 dactylus has a prominent spine on the extensor
margin (Fig. 10D), but as reported by Ng and Naruse (2007), it is absent in others
(Fig. 9G, H). The form of the exorbital tooth varies to some degree. In the female
specimens, the tooth is clearly directed anteriorly (Fig. 8B, C) but in the male, it is
pointed obliquely laterally (Fig. 10B).

The setae on D. karubar are unusual in that they are plumose at the distal part
(Guinot 1995: fig. 16D). When the animals are freshly collected, the setae lock together
to form a dense coat, which traps fine mud and completely obscure the carapace and
pereiopod surfaces and margins (Fig. 7A). After the specimen is cleaned gently with a
brush and the sediment removed, the surfaces and margins become more visible with
the distal plumose parts no longer meshed together. The margins of the pereiopods,
however, are still partially obscured as the setae there are denser (Fig. 7B, C). In the form
of the setae, D. karubar is most similar to D. baffini from the Indian Ocean, although
the tomentum of the latter species is relatively less dense (cf. Padate et al. 2020: fig. 2a).

Dicranodromia karubar can easily be separated from D. baffini by its proportion-
ately broader carapace (Figs 8B, 10B) (versus relatively narrower and longer in D. baffi-
ni; cf. Guinot 1995: fig. 13, Padate et al. 2020: fig. 2a); the antero- and posterolateral
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margins almost smooth, except sometimes for a few scattered granules (Figs 8B, 10B)
(versus lined with granules and spinules in D. baffini; cf. Guinot 1995: fig. 13, Padate
etal. 2020: fig. 2a); and the subdistal lobe on the outer margin of the endopod curved
and beak-like (Fig. 11D, E) (versus lobe rounded in D. baffini; cf. Padate et al. 2020:
fig. 2g, i). Based on the figures of Gordon (1950), Guinot (1995: fig. 16C) commented
that the structure of the spermatheca was different in the two species, but we do not
discern any major differences since both species possess an unusual and prominent
comma-shaped tubercle on each side of sternite 7, with the spermatheca at the base of
this tubercle (Fig. 9]). The spermathecal structure in the D. baffini from the Andamans
(cf. Padate et al. 2020: fig. 2j) is almost identical to the condition observed in D. karu-
bar (Fig. 9]). Alcock and Anderson (1899: 8) described the structure as “sternal grooves
of the female end, without tubercles, at the level of the openings of the oviducts”,
which does not match the description and figures of Gordon (1950: 205, text-fig. 1)
and Padate et al. (2020: fig. 2j). As noted by Padate et al. (2020: 3), the condition ob-
served by Alcock and Anderson (1899) may be because their specimen was a juvenile.

Dicranodromia karubar is known thus far only from the Moluccas and eastern part
of the Indian Ocean while D. baffini has been recorded from western India, Maldives
and Andamans (Alcock 1899, 1901; Gordon 1950; Padate et al. 2020).

All the females of D. karubar collected from the south Javan cruise were ovigerous,
the eggs being bright red in life, in a prominent brood pouch (Fig. 7D). One female spec-
imen (27.6 x 33.8 mm, ZRC 2020.0348) had 362 eggs, each about 2.5 mm in diameter.

Dicranodromia danielae Ng & McLay, 2005
Figure 12

Dicranodromia danielae Ng & McLay, 2005: 40, figs 1-4; Ng and Naruse 2007: 47,
fig. 3¢; Ng et al. 2008: 39.

Material examined. PHiLippINES: holotype ovigerous € (broken, 10.8 x 14.2 mm),
Balicasag Island, Panglao, Bohol, Visayas, in tangle nets, ca. 200-300 m, coll. local
shell fishermen, 2 Mar. 2004 (ZRC 2005.0094).

Remarks. The broken holotype female was re-examined and some characters
need to be added or amended from Ng and McLay (2005). Ng and Naruse (2007:
fig. 3¢) had already noted that the P5 dactylus has a distinct spine on the extensor
margin (Fig. 12F, G); but in addition, the P5 propodus has three spines on the outer
surface (Fig. 12G). The P2 and P3 meri were described being unarmed but this is
not correct. The extensor margin has low spines while the flexor margin has a row
of slender spines partially covered by the dense stiff setae (Fig. 12D). In addition,
the basal antennal article is relatively short with the anteroexternal tooth long and
subequal in length to the article (Fig. 12C). In addition, the epistome of this spe-
cies is unusual in that the distal part is strongly spinose, with the median lateral part
possessing a sharp anteriorly directed tooth; and the rostrum consists of two lateral
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Figure 12. Dicranodromia danielae Ng & McLay, 2005, holotype ovigerous ¢ (broken, 10.8 x 14.2 mm)
(ZRC 2005.0094), Philippines A dorsal view of carapace B frontal region showing rostrum C epistome,
antennules, antennae and orbits D right chela E right P3 F left P5 G left P5 propodus and dactylus H left
P4 propodus and dactylus I right third maxilliped.
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and one median slender spinules (Fig. 12B, C). The merus of the third maxilliped is
distinctive, being strongly spinose, with the inner margin lined with strong spines;
the exopod is essentially unarmed (Fig. 121).

Some of the characters of D. danielae resemble the male specimen 9.7 x 14.0
mm from Uraga Strait in Japan (35°4.833'N, 139°38.3'E) which Guinot (1995: 207,
fig. 11b) referred to “Dicranodromia aff. doederleini”. She described the carapace,
proepistome, antennae, antennules, buccal frame, ventral surfaces and merus of the
third maxilliped are being more spiny than typical D. doederleini even though the outer
surface of the chela was smooth. The more spinous features of the specimen (notably
the ventral surfaces, antennae, epistome and third maxillipeds), resemble the condi-
tion in D. danielae, but whether the flexor margin of the pereiopods of the specimen
was also spinous was not stated. In addition, the carapace of D. danielae is less spinous
compared to that figured by Guinot (1995: fig. 11b) for her “Dicranodromia aff. doed-
erleini”. It would appear that this Japanese specimen is a species close to, but probably
different from, D. danielae.

Dicranodromia erinaceus sp. nov.
http://zoobank.org/ CIBEASCC-F350-47D1-8A66-ECBFC3606197
Figures 7E, F 13-16, 21A, B, D-F K-M

Dicranodromia doederleini — Ho et al. 2004: 643, fig. 1B; Ahyong et al. 2009: 129,
fig. 93 (not fig. 94); Ng et al. 2017: 27 (list). (non Dicranodromia doederleini Ort-
mann, 1892)

Material examined. TAIWAN: holotype @ (14.0 x 18.0 mm), station CP4091,
22°14'N, 119°59'E, among numerous mud tubes, off small Liu-Qiu Island, south-
east Taiwan, 974-994 m, coll. N.O. Ocean Researcher 1, 27 May 2013 (NTOU
B00126); paratypes 2 P9 (13.2 x 17.6 mm, 13.8 x 18.5 mm), same data as holo-
type (ZRC 2020.0467, COI sequence: OK351335); 1 &' (6.9 x 9.5 mm), station
CP4212, 22°18.34'N, 119'59.51'E, southwestern Taiwan, 961-1008 m, coll. T.-Y.
Chan, 15 Nov. 2020 (ZRC 2021.0084, COI sequence: OK331334); 1 3 (8.2x12.5
mm), station CP4212, 22'18.34'N, 119'59.51'E, southwestern Taiwan, 961-1008 m,
coll. T.-Y. Chan, 15 Nov. 2020 (ZRC 2021.0085). Others: 1 9 (7.5 x 11.1 mm, cara-
pace badly damaged), 24°26.9'N, 122°18.1'E, Taiwan, 638-824 m, coll. R/V “Fishery
Researcher 17, 4 August 2000 (NTOU B00127).

Diagnosis. Carapace longitudinally subovate, widest across intestinal-meso-
branchial regions; dorsal surface prominently convex, lateral surfaces covered with
numerous spinules, those on median part relatively lower, sometimes granular, with
short stiff setae, denser on lateral parts but not obscuring margins; short stiff setae pre-
sent on pereiopods, thoracic sternum and pleon but not obscuring surface or margins.
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Figure 13. Dicranodromia erinaceus sp. nov., holotype @ (14.0 x 18.0 mm) (NTOU B00126), Taiwan
A overall view B dorsal view of carapace C front and anterior part of carapace D left orbit and first an-

terolateral spine.

Branchiocardiac groove distinct, curving medially anteriorly. Each pseudorostral lobe
triangular, inner margin straight, outer margin gently convex, directed anteriorly, in-
ner margin with two or three spinules; exorbital tooth spiniform, directed obliquely
laterally, anterior margin with two or three spinules; supraorbital margin separated
from external orbital tooth by shallow concave cleft, posterior part with three spines;
infraorbital margin with prominent triangular lobe, posterior margin with spinules,
just visible in dorsal view. Rostrum present as one or two longer spinules in small
specimens, barely discernible or just visible as a sharp granule in larger specimens.
Epistome covered with spinules on anterior half; posterior half gently upturned, with
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Figure 14. Dicranodromia erinaceus sp. nov., holotype @ (14.0 x 18.0 mm) (NTOU B00126), Taiwan
A ventral view of cephalothorax B left third maxilliped € frontal view of cephalothorax D epistome,
antennules, antennae and orbits E dorsal view of right chela F left chela.

median fissure, surface not covered with spinules, posterior margin entire. Basal an-
tennal article subquadrate; surfaces covered by spinules and granules; anteroexter-
nal tooth short. Eyes with short peduncle. Third maxilliped relatively narrow; merus
subovate with low anterointernal lobe, slightly shorter than ischium; ischium subtrap-
ezoidal, distal half wider than proximal part with inner margin convex; palp (carpus,
propodus, dactylus) long, reaching to median part of ischium when folded; exopod
with proximal third widest, outer margin with low sharp granules on proximal third.
Chelipeds densely covered with stiff setac on most parts; merus and carpus with outer
surface and margins lined with spinules and granules; palm relatively short, outer
surface and margins covered with numerous sharp granules; fingers thick, wide, oc-
cluding surface hollowed; pollex with deep U-shaped depression distally. P2 and P3
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Figure 15. Dicranodromia erinaceus sp. nov. A=E holotype @ (14.0 x 18.0 mm) (NTOU B00126),
Taiwan F paratype @ (13.8 x 18.5 mm) (ZRC 2020.0467), Taiwan A right P3 B right P5 C right P5
propodus and dactylus D right P4 propodus and dactylus E anterior thoracic sternum and spermatheca

F posterior thoracic sternum showing spermatheca and female gonopores.

relatively long, P3 longer than P2; merus with low tooth on distal extensor margin,
length to width ratio of P2 and P3 merus 5.2 and 4.5, respectively; proximal part of
extensor margin with low spinules, flexor margin with numerous spinules; propodus
almost straight, unarmed, length to width ratio of P2 and P3 propodus 6.7 and 8.0,
respectively; dactylus sickle-shaped, flexor margin lined with 15 or 16 spines, termi-
nating in strongly incurved claw, propodus about twice length of dactylus. P4 stouter,
shorter than P5; length to width ratio of P4 and P5 merus 3.5 and 5.0, respectively;
proximal part of extensor margin of merus with low spinules, flexor margin with
numerous spinules; P4 and P5 propodus without median spinules on outer surface,
length to width ratio of P4 and P5 propodus 3.5 and 4.7, respectively, distal margin
fringed by sharp spines bracketing dactylus; dactylus claw-like, strongly incurved, ex-
tensor margin unarmed, flexor margin unarmed or with two weak spines. Thoracic
sternite 7 with strong transverse ridge from posterior inner part of female gonopore,
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Figure 16. Dicranodromia erinaceus sp. nov., paratype & (8.2 x 12.5 mm) (ZRC 2021.0085), Taiwan
A overall view B dorsal view of carapace € pleon D anterior thoracic sternum and G1s in situ.

lateral part raised, forming triangular tubercle, curving posteriorly to join oblique
ridge formed by sternites 7 and 8 with distinct groove between them that leads to
spermathecal aperture at centre of triangular tubercle. Male and female pleons with six
free somites and telson; male telson distinctly subovate; female telson wide, triangular,
with gently sinuous margins. G1 stout, endopod distally covered by dense long setae,
subdistal part of outer margin with two lobes, proximal lobe larger, prominent; G2
endopod gradually tapering to sharp tip.

Variation. None of the specimens examined had a spine or spinule on the exten-
sor margin of the P5 dactylus; and outer surface of the P5 propodus was also unarmed
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(Fig. 21E). Most of the flexor margins of the dactylus were not armed with obvious
spines or spinules, although two or three stout setae may be present.

Etymology. The species is named after the hedgehog, Erinaceus, alluding to the
spiny appearance of the carapace and legs. The name is used as a noun in apposition.

Remarks. Dicranodromia erinaceus sp. nov. belongs to the same group of species
as D. spinulosa and D. delli in its spinose carapace surface and pereiopods, slender and
spiniform exorbital tooth, and an acutely triangular suborbital tooth. Dicranodromia
erinaceus is most similar to D. delli from New Zealand but can be distinguished by
the ischium of the third maxilliped being relatively shorter and wider especially at the
distal half (Fig. 14B) (versus more slender and rectangular in D. delli, cf. Ahyong 2008:
fig. 4C); proportionately shorter P2 and P3 (e.g., P3 merus 4.5x longer than wide,
propodus 8.0x longer than wide, Figs 13A, 15A) (versus P3 merus 6.6x longer than
wide, propodus 11.1x longer than wide in D. delli, cf. Ahyong 2008: fig. 2A, 3D); the
proportionately shorter and stouter P4 and P5 (e.g., P5 merus just reaches the bran-
chiocardiac groove in dorsal position, Figs 13A, 15B) (versus longer and more slender,
extending beyond branchiocardiac groove in dorsal position in D. delli, cf. Ahyong
2008: fig. 2A, B); the relatively stouter palm (Fig. 14F) (versus more slender in D. delli,
cf. Ahyong 2008: fig. 3B); and the proportionately wider female telson (Fig. 14A)
(versus less wide in D. delli, cf. Ahyong 2008: fig. 3C). The holotype and only known
specimen of D. delli, an ovigerous female 15.5 x 19.0 mm from Nukuliau Seamount
in New Zealand, is comparable in size to the ovigerous female holotype of D. erinaceus
(14.0 x 18.0 mm) so the differences are not size-related. The characters of P2—-P5 and
third maxilliped are also obvious in the smaller female paratype of D. erinaceus as well
as in the smaller male paratypes.

Compared to D. spinulosa, D. erinaceus can be separated by the carapace being
proportionately wider (Figs 13B, 16B) (versus carapace transversely narrower in D. spi-
nulosa, cf. Guinot 1995: fig. 21a; Ahyong 2008: fig. 1C); the median dorsal surface of
the carapace covered with low sharp granules (Figs 13B, 16B) (versus covered with spi-
nules in D. spinulosa, cf. Guinot 1995: fig. 21a; Ahyong 2008: fig. 1C); the submarginal
surface of the posterior margin of the epistome is unarmed (Fig. 14C, D) (versus area
armed with short spines in D. spinulosa, cf. Guinot 1995: fig. 22B); the ischium of the
third maxilliped relatively shorter and wider especially at the distal half (Fig. 14B) (ver-
sus more slender and rectangular in D. spinulata, cf. Guinot 1995: fig. 21¢); the relative-
ly longer P2 and P3 (e.g., P3 propodus 8.0x longer than wide, Figs 13A, 15A) (versus
P3 propodus less than 7x longer than wide), the P2 and P3 propodus twice the length
of the dactylus (Fig. 15A) (versus 1.7x in D. spinulosa; Guinot 1995: fig. 21a; Ahyong
2008: fig. 1C); and the male telson subovate in shape (Fig. 16C) (versus triangular in
D. spinulosa, cf. Guinot 1995: figs 21c, 25D). Dicranodromia spinulosa was described
from three males and one female from New Caledonia, the holotype female being 7.5 x
11.0 mm; a size comparable to that of the male specimens of D. erinaceus we examined.

Ho et al. (2004) recorded D. doederleini from Taiwan from one badly damaged fe-
male specimen from northeastern Taiwan (see also Ahyong et al. 2009). The specimen
is now referred to D. erinaceus.
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Dicranodromia robusta sp. nov.
http://zoobank.org/ADCE5085-D836-4A3E-8CF9-5BEB79ED3FE1
Figures 17-20, 21C, G-J, N-P

Material examined. PuiLieriNes: Holotype @ (19.6 x 26.4 mm), ca. 5°24'N,
125°22.5'E, Balut Island, Sarangani Islands, Davao Occidental Province, south of
Mindanao Island, coll. tangle nets, local fishermen, 26 Nov. 2017 (ZRC 2018.0161);
Paratype & (15.2 x 21.0 mm), same location as holotype, coll. tangle nets, local fisher-
men, 2017 (ZRC 2018.0095).

Diagnosis. Carapace longitudinally subquadrate, widest across intestinal-meso-
branchial regions; dorsal surface gently convex, lateral surfaces covered with low spi-
nules, median part smooth, margins with scattered short stiff setae, not obscuring mar-
gins; short stiff setae present on pereiopods, thoracic sternum and pleon but not obscur-
ing surface or margins. Branchiocardiac groove distinct, curving medially anteriorly.
Each pseudorostral lobe triangular, inner margin straight, outer margin gently convex,
directed anteriorly, inner margin entire; exorbital tooth dentiform, directed obliquely
laterally, anterior margin with two or three spinules; supraorbital margin separated from
external orbital tooth by shallow concave cleft, posterior part with five or six spinules;
infraorbital margin with large dorsoventrally flattened lobe which is dentiform to lin-
guiform, larger than exorbital tooth, distal part with spine, anterior margin with two
spinules, prominently visible in dorsal view. Rostrum present as one sharp granule.
Epistome covered with scattered granules on anterior half; posterior half gently up-
turned, with median fissure, surface not covered with spinules, posterior margin gently
convex, median part entire, lateral part gently serrate. Basal antennal article subquad-
rate; surfaces covered by spinules and granules; anteroexternal tooth short. Eyes with
long peduncle. Third maxilliped relatively narrow; merus subovate with low anteroint-
ernal lobe, shorter than ischium; ischium subtrapezoidal, distal half slightly wider than
proximal part; palp (carpus, propodus, dactylus) long, reaching to median part of ischi-
um when folded; exopod with proximal third widest. Chelipeds covered with stiff setae
on most parts; merus and carpus with margins uneven or lined with granules; palm
relatively short, subdorsal and subventral margins with low sharp granules, median part
smooth; fingers thick, wide, occluding surface hollowed; pollex with deep U-shaped
depression distally. P2 and P3 relatively short, P3 longer than P2; merus with low tooth
on distal extensor margin, length to width ratio of P2 and P3 merus 4.2 and 3.9, respec-
tively; margins unarmed; propodus almost straight, unarmed, length to width ratio of
P2 and P3 propodus 5.2 and 6.4, respectively; dactylus curved, flexor margin lined with
8 or 9 spines, terminating in strongly gently curved claw, propodus about 2.4x length
of dactylus. P4 stouter, shorter than P5; length to width ratio of P4 and P5 merus 2.4
and 3.4, respectively; margins of merus unarmed; P4 and P5 propodus with submedian
spinule on distal third of outer surface, length to width ratio of P4 and P5 propodus
2.3 and 3.6, respectively, distal margin fringed by sharp spines bracketing dactylus; dac-
tylus claw-like, strongly incurved, extensor margin with median spine or absent, flexor
margin with 2—4 spines. Thoracic sternite 7 with low transverse ridge from posterior
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Figure 17. Dicranodromia robusta sp. nov., holotype ¢ (19.6 x 26.4 mm) (ZRC 2018.0161), Philippines
A overall view B dorsal view of carapace € front and anterior part of carapace D right front, orbit and

first anterolateral spine

inner part of female gonopore, lateral part high, forming triangular tubercle, curving
posteriorly to join oblique ridge formed by posterior part of sternite 7, just before suture
with sternite 8, groove between sternites 7 and 8 curve to join spermathecal aperture at
base of triangular tubercle. Male and female pleons with 6 free somites and telson; male
telson distinctly elongate, triangular with gently convex lateral margins; female telson
triangular, with gently convex margins. G1 stout, endopod distally covered by dense
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Figure 18. Dicranodromia robusta sp. nov., holotype @ (19.6 x 26.4 mm) (ZRC 2018.0161), Philippines
A ventral view of cephalothorax B left third maxilliped € frontal view of cephalothorax D epistome,

antennules, antennae and orbits E dorsal view of left chela F left chela.

long setae, subdistal part of outer margin with two lobes, the distal one being more
prominent; G2 endopod gradually tapering to sharp tip.

Variation. In the holotype female, the left P5 dactylus has a prominent spine on
the extensor margin (Fig. 21I), but there is none on the right side (Fig. 21H). The P5
dactyli of the paratype male are armed a spinule on the extensor margin. Both speci-
mens possess the spine on the outer surface of the P5 propodus (Fig. 21H, I).

Etymology. The species is named after the Latin robusta for stout, alluding to the
stocky appearance of the species.

Remarks. The most diagnostic character of D. robusta sp. nov. is the large dors-
oventrally flattened infraorbital tooth, which is dentiform to linguiform, clearly visible



156 Peter K. L. Ng, Chien-Hui Yang / ZooKeys 1071: 129-165 (2021)
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Figure 19. Dicranodromia robusta sp. nov., holotype @ (19.6 x 26.4 mm) (ZRC 2018.0161), Philippines
A right P3 B right P5 C right P5 propodus and dactylus D left P4 propodus and dactylus E anterior

thoracic sternum and spermatheca F posterior thoracic sternum showing spermatheca.

in dorsal view, and distinctly larger than the exorbital tooth (Figs 17B-D, 20B). No
other Indo-West Pacific species of Dicranodromia has such a large and wide infraorbital
tooth. The long anteroexternal tooth on the basal antennal article allies D. robusta with
D. martini (cf. Guinot 1995: fig. 20B), D. baffini (cf. Alcock 1899: pl. 2 fig. 1a; Alcock
1901: pl. 1 fig. 1a), D. danielae (cf. Ng and McLay 2005: fig. 3A, B) and D. chenae (cf.
Ng and Naruse 2007: fig. 5b) but the structure of the infraorbital tooth easily distin-
guishes it from them.

The carapace shape of D. robusta is distinctly more quadrate (Figs 17A, B, 204,
B) than the more pyriform D. martini described from the Philippines (cf. Figs 4A, C,
6A, B; Guinot 1995: fig. 19b; Ng and Naruse 2007: fig. 1a—c); the posterior margin
of the epistome is entire (Fig. 18C) (versus margin gently crenulate in subventral view
in D. martini, cf. Guinot 1995: fig. 20B); P2 and P3 are prominently shorter with the
dactylus especially short (e.g., P3 merus 3.9x longer than broad, propodus 6.4x longer
than broad, Fig. 19A) (versus P3 merus 7.0x longer than broad, propodus 7.2x longer
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Figure 20. Dicranodromia robusta sp. nov., paratype & (15.2 x 21.0 mm) (ZRC 2018.0095), Philippines
A overall view B dorsal view of carapace € pleon D anterior thoracic sternum and G1s in situ.

than broad in D. martini, cf. Figs 4A, 5C, 6A; Guinot 1995: figs 19a, ¢, 20C); P4 and
P5 are much shorter (e.g., P4 merus just reaching branchiocardiac groove when folded
dorsally, Figs 17A, 19B, 20A) (versus P4 merus long, reaching beyond branchiocardiac
groove when folded dorsally in D. martini, cf. Figs 4A, 5D, 6A; Guinot 1995: fig. 19a);
and the male telson is lingulate (Fig. 20C) (versus more elongate in D. martini, cf. Fig.
6D; Guinot 1995: fig. 19¢).

Compared to D. baffini from the Indian Ocean, D. robusta has a more quadrate
carapace (Figs 17A, B, 20A, B) (versus more pyriform in D. baffini, cf. Alcock 1899: pl.
2 fig. 1a; Guinot 1995: fig. 13; Padate et al. 2020: fig. 2a); and the P2 and P3 dactylus
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Figure 21. A Dicranodromia erinaceus sp. nov., holotype @ (14.0 x 18.0 mm) (NTOU B00126),
Taiwan B, D=F, K-M D. erinaceus sp. nov., paratype & (8.2 x 12.5 mm) (ZRC 2021.0085), Taiwan
C, G—J,N=P D. robusta sp. nov., paratype &3 (15.2 x 21.0 mm) (ZRC 2018.0095), Philippines A=C right
anterior part of carapace (setac removed or not drawn) D right P3 propodus and dactylus E right P5 pro-
podus and dactylus F right P4 propodus and dactylus G right P3 propodus and dactylus H right P5 pro-
podus and dactylus I left P5 propodus and dactylus J left P4 propodus and dactylus K, N left G1 (ventral
view) L, O left G1 (dorsal view) M, P left G2. Setae for all structures not figured. Scale bars: 1.0 mm.
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D. doederleini (ZRC 2017.1214)
100

100 D. doederleini (ZRC 2021.0469)

63 D. doederleini (CBM-ZC 16572)

91 D. karubar (ZRC 2020.0349)

D. martini (ZRC 2007.0106)

D. erinaceus n sp. (ZRC 2020.0467)
100

D. erinaceus n sp. (ZRC 2021.0084)

H lodromia kai (ZRC 2018.109)

Figure 22. Maximum likelihood phylogenetic tree for Dicranodromia erinaceus sp. nov. based on the
COI gene dataset. Homolodromia kai Guinot, 1993 was chosen as outgroup. Maximum likelihood boot-
strap value is represented as above the branches. Values less than 50 are not shown.

is distinctly shorter (Figs 19A, 21G) (versus longer in D. baffini, cf. Alcock 1899: pl. 2
fig. 1a; Guinot 1995: fig. 13). With regards to the relatively shorter P2 and P3 dactyli,
D. robusta resembles D. chenae, described from a single large ovigerous female from
the central Philippines. Dicranodromia robusta, however, can easily be distinguished in
having the outer margin of the pseudorostral lobe is almost straight and the structure
is directed anteriorly (Figs 17B—D, 20B) (versus outer margin of the pseudorostral lobe
is distinctly convex with the structure gradually curved inwards towards the median
in D. chenae, cf. Ng and Naruse 2007: fig. 5A); the ischium of the third maxilliped is
short and rectangular (Fig. 18B) (versus distinctly longer and more slender in D. ch-
enae, cf. Ng and Naruse 2007: fig. 5b); the female telson is relatively more elongate
(Fig. 18A) (versus proportionately wider and shorter in D. chenae, cf. Ng and Naruse
2007: fig. 2b); and the spermatheca is on the prominently raised part around the
suture between sternites 7 and 8 and ends at the centre of the triangular tubercle on
sternite 6 (Fig. 19F) (versus spermatheca is not prominently raised and ends at the base
of the triangular tubercle in D. chenae, cf. Ng and Naruse 2007: fig. 8).

Dicranodromia robusta can be separated from D. danielae in having the exorbital
tooth distinctly triangular to linguiform (Figs 17B-D, 21C) (versus subtrapezoidal
in D. danielae, cf. Fig. 12A, B; Ng and McLay 2005: figs 1B, 4A); the posterior
margin of the epistome is entire (Fig. 18C) (versus clearly serrate in D. danielae, cf.
Fig. 12C; Ng and McLay 2005: fig. 4C); the median part of the outer surface of the
chela is granular (Fig. 18E, F) (versus smooth in D. danielae, cf. Fig. 12D; Ng and
McLay 2005: fig. 3A, B); and P2—P5 are all proportionately longer with the flexor
margins of the meri not spinate (Figs 17A, 19A, 20A) (versus relatively shorter in
D. danielae with the meri of P2 and P3 distinctly spinate, cf. Fig. 12E, F; Ng and
McLay 2005: fig. 1A).
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Discussion

Ng and Naruse (2007) discussed the value of the spine present on the extensor margin
of P5 dactylus as a taxonomic character. They noted that it was sometimes present in
D. martini (cf. comparative material examined above; Ng and Naruse 2007: fig. 3a, b)
and was present on the holotype of D. danielae (cf. Ng and Naruse 2007: fig. 3¢; Fig.
12E, G). In the specimens of D. doederleini examined, none of the P5 dactyli possess
this spine (Fig. 3D, E). The presence and absence of this spine must therefore be used
with caution. The setae on the P5 propodus are a mixture of setae and spines, but there
are some setae which are intermediate in proportions, suggesting that the setae and
spines are homologous structures, the “spines” on the distal edge and the outer surface
of the P5 propodus, and “spines” on the flexor margin of the dactylus are almost cer-
tainly derived from the setae. They all have a clearly defined base and articulate with
the cuticle. Normal spines and granules are part of the cuticle and there is no defined
base. That being said, the extensor margin of the P5 dactylus in all the specimens of
D. doederleini and D. erinaceus sp. nov. we examined are unarmed (Figs 3D, E, 15B,
C). In the case of D. karubar, some of the P5 dactyli have spines while others do not
(Figs 9G, 10D). For D. robusta sp. nov., the dactylar spine on the extensor margin is
present in both specimens (but missing on the right leg in the holotype), and in addi-
tion, there is a prominent spine on the median outer surface of the P5 propodus which
is always present (Fig. 21H, I). In D. doederleini, the P5 propodus has two or three
spines on the outer surface (Fig. 3D, E); there are two spines in D. martini, with one
or two spines in D. karubar (Fig. 9G), while in D. erinaceus sp. nov., the P5 propodus
is unarmed (Fig. 15B, C).

The armature of the posterior margin of the epistome is a useful character but must
be used carefully as well. In species like D. danielae, the margin is prominently spinose
even when viewed frontally, with spines appearing more prominent when the margin is
viewed subventrally (Fig. 12C). In D. doederleini and D. karubar, the posterior margin
is almost entire or only weakly crenulate when viewed frontally or subventrally (Figs
2D, 8D, 9A). In D. martini, the margin appears almost entire in frontal view (Fig. 4E)
but when viewed subventrally, it is weakly crenulated and uneven, as figured by Guinot
(1995: fig. 20B). The structure of the proepistome, present in all the species examined,
is relatively conservative, being separated from the epistome only by the lateral clefts,
and for all the species, it is triangular in shape and slightly “sunken” into the distal
margin of the epistome. In most species, the surface of the proepistome is covered with
low granules and setae (Figs. 2E, 5A, 9A, 14D, 18D); but in D. danielae, the lateral
parts have long spinules and the surface also has short spinules (Fig. 12C).

Guinot (1995: fig. 2C) noted that the actual rostrum of Dicranodromia, when
visible, is present only as a small median tooth or spinule between the two pseudoros-
tral teeth. It must be noted that this character is probably variable to some degree. In
D. martini, there is no trace of a rostrum (Figs 4D, 6C). In D. doederleini, the rostrum
is a distinct sharp granule (Fig. 2B; Guinot 1995: fig. 12B). When it is present as a
spinule, the structure may be small, brittle and can easily be broken off. In one of the
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paratype males of D. erinaceus sp. nov. (ZRC 2021.0085), the rostrum is composed of
three small, slender spinules, which are very minute and delicate (Fig. 21B). The rostral
spinules are not clearly visible on the large female specimens of D. erinaceus sp. nov.
but it may simply have been lost. In D. danielae, there are three spinules (Fig. 12B). In
D. robusta sp. nov., the rostrum is just a sharp but relatively low granule that is barely
discernible (Figs 17C, D, 21C), as in the case of D. karubar (Fig. 8D). As such, this
character should not be relied on to separate taxa.

In general, all species have spinules on some part of the carapace and these are often
surrounded by stiff setae which partially obscure the spinules. Cleaning must be done
with great care as the spinules (and even some of the spines) are brittle and break easily.

The structures of the G1 and G2 have not been used to separate species and Guinot
(1995) only figured them for one American species (D. maheuxii). The G1 endopod
is the main character and, while they all have a similar shape, the relative proportions
differ and the subdistal part of the outer margin has two lobes of differing shapes and
sizes. The G1 of the four species examined here show that there are differences between
some taxa and can be used as a taxonomic character. The most distinctive is the G1 of
D. karubar, in which the subdistal lobe on the outer margin of the endopod is curved
and beak-like (Fig. 11D, E), distinct from the more rounded structure of its most simi-
lar species, D. baffini. The G1 endopods of D. martini and D. karubar (Fig. 11A, B,
D, E) are also proportionately longer than those of D. erinaceus sp. nov. and D. robusta
sp. nov. (Fig. 21K, L, N, O). In addition, the subdistal lobe on the outer margin of the
G1 endopod in D. robusta (Fig. 21N, O) is distinctly more pronounced than either
D. martini or D. erinaceus sp. nov. (Figs 11A, B, 21K, L). As such, G1 structures for
Dicranodromia species should be described and figured as part of species descriptions.

Guinot (1995: 182) placed more emphasis on the structure of the spermathecal
apertures and associated structures on thoracic sternites 7 and 8, pointing that there are
clear differences between species. One of the characteristic features is that all the species
have a pair of enlarged tubercles on each side of thoracic sternite 7 which are anterior or
adjacent to the spermatheca. When viewed frontally, they appear as a pair of rounded
or triangular tubercles (Figs 3G, 5H, 9], 15E, 19F). In some species like D. doederleini,
D. martini, D. karubar and D. robusta sp. nov., the two tubercles are separate (Figs 3G,
5H, 9]) but in D. erinaceus sp. nov., the two tubercles are connected by a clear ridge that
bridges them (Fig. 15E). In D. doederleini, the tubercle is distinctively curved laterally
outwards (Fig. 3G). In two species, D. baffini and D. karubar, the tubercle is distinc-
tively comma-shaped, with the spermatheca positioned posteriorly to it (Fig. 9]). The
suture between sternites 7 and 8, which joins the spermatheca is also differently struc-
tured. In most species, the suture is level with the rest of the sternal surface (Figs 3H,
5H, 9], 19F). In most species, the spermatheca is posterior to the sternal tubercle (Figs
3H, 5H, 19F). In one species, D. erinaceus sp. nov., however, the suture is distinctly
raised, on a prominent ridge and joins the spermatheca laterally (Fig. 15F).

The molecular analyses using COI sequences closely supported the morphologi-
cal observations. There was some intraspecific divergence in the three individuals

of D. doederleini tested (GenBank accession nos. OK351331-OK351333), ranging
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from 0-1.2%, while that in two specimens of D. erinaceus sp. nov. (accession nos.
OK351334-0OK351335) was 0.2%. In Dicranodromia, the divergence at the species
level was 9.6-14.0%, with D. erinaceus sp. nov. distinct from the tested species by
12.8-14.0%. The outgroup H. kai (accession no. OK351338) has a minimal diver-
gence of 12.6-12.8% with D. erinaceus sp. nov., and a maximal value of 14.2% with
D. karubar. The maximum likelihood tree also showed D. erinaceus sp. nov. to form an
independent clade from other Dicranodromia species with an extremely high support
(MLb = 100) (Fig. 22). The significance of this divergence will need to be re-appraised
when more species of Dicranodromia (especially the American taxa) can be tested to see
if the genus is monophyletic.

Noteworthy is that the Philippines has four species: D. danielae, D. chenae, D. mar-
tini and D. robusta sp. nov. Two of the species (D. chenae and D. martini) were collected
by trawls, the substrate being more level and less rocky. Like D. danielae, D. robusta sp.
nov. was collected by tangle nets set in deep-water, which may explain why it has not
been collected until now. Deep-water habitats with steep rocky substrates are difficult
to sample, and the fauna is often different from those occurring in flatter substrates (see
Ng et al. 2009; Mendoza et al. 2010). Several other brachyuran taxa show the same
pattern, notably in Majoidea (e.g., see Ng and Richer de Forges 2015; Richer de Forges
and Ng 2008; Richer de Forges et al. 2021).
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Abstract

'The genus Bagnallella Salmon is restored and given a diagnosis. It takes an intermediate position between
Proisotoma Borner and Crypropygus Willem complexes and is characterized by the separation of the two
last abdominal segments (like in Proisotoma) and 3 and 5 s-chactae on the fourth and fifth abdominal
segments (like in Crypropygus and its allies). A list of and key to species belonging to Bagnallella is given.
Bagnallella biseta comb. nov., B. dubia comb. nov., B. sedecimoculara comb. nov., and B. tenella comb.
nov. are commented and redescribed. Morphology of Bagnallella davidi (Barra), comb. nov. is described
from the specimens from South Africa. So far B. davidi appears to be a complex of forms differing in size
of the furca and macrochaetae. Two types of strongly modified males were found and described. Antennae,
ventral side of abdomen, posterior edge of abdominal tergites, and mandibles are affected with epitoky.
‘The nature of the discovered strong polymorphism is unclear.
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Introduction

Knowledge on the Collembola of South Africa has increased significantly over the last
decade, with most new species described from the Western Cape Province where the
majority sampling has been made (Janion-Scheepers et al. 2015). From these collec-
tions, a rich diversity of Isotomidae has been discovered, including Parisotoma (Po-
tapov et al. 2011) and Crypropygus (Potapov et al. 2020). From these collections, we
also recorded three known species (2 davidi, I tenella, P sedecimoculata), which re-
semble the genus Crypropygus but have Abd. V and VI separated. Thus, these species
cannot be attributed to any genus of the Crypropygus complex but rather belong to the
Proisotoma complex. This paper determines the position of these three species by recov-
ering a genus erected in the past by Salmon (1951). Also, several other species mostly
distributed in the Southern Hemisphere belong to this taxon. In addition, we describe
an unusual polymorphism in Proisotoma davidi (Barra, 2001) which remains unsolved.

Materials and methods
Abbreviations
A.B. A. Bedos

Abd. I-VI  abdominal segments I-VI
Ant. I-IV  antennal segments I-IV

bms basal micro s-chaeta on antennal segments
C.J. C. Janion-Scheepers

L.D. L. Deharveng

M macrochaeta

MNHN Museum national d’Histoire naturelle

ms micro s-chaeta(e) (= microsensillum(a) auct.)
PAO postantennal organ

s-chaetae  macro s-chaeta or s-chaetae (= macrosensillum(a) or sensillum(a) auct.)
SAMC South African Museum, Cape Town

Th. II-IIT  thoracic segments IT and IIT

Ti tibiotarsus

Redescription of the genus Bagnallella Salmon, 1951
Bagnallella Salmon, 1951
Type species. Folsomia sedecemoculata Salmon, 1943

Diagnosis. Anurophorinae with all abdominal segments clearly separated and a
Proisotoma-like furca: manubrium with few anterior chaetae (1+1-3+3), dens slender,
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crenulated, with rather numerous anterior and posterior chaetae, mucro clearly set off
from dens, with two or three teeth. 7+7-8+8 ocelli in known species. With simple or
bifurcate maxillary palp and four sublobal hairs, two or four prelabral chaetae. Macro
s-chaetae 22235 on Abd.I-V. Tergal macro s-chaetae on abdomen situated in front of
p-row of chaetae. B-row of chaetae on Ti.1-2 complete (both B4 and B5 present).
Ventral chaetae on Th.III present or absent. Sexual dimorphism present or absent.

Position of the genus in the subfamily Anurophorinae. To date an appropriate
generic name did not exist for the small group species related to Proisotroma Borner, 1901
sensu lato which were discussed in the monograph of Potapov et al. (2006). This group,
so-called “Proisotoma tenella, ripicola, biseta”, consists of forms sharing characters such
as: the three last abdominal segments separated, manubrium with anterior chaetae, four
prelabral chaetae, and presence of three and five s-chaetae on Abd.IV and V, respectively.

Recently, one more species, Proisotoma sedecimoculata (Salmon, 1943), became a
probable candidate to belong to this group (Potapov and Janion 2017). This species was
described by Salmon (1943) as Folsomia sedecimoculata and was afterwards proposed
as a generotype for the new genus Bagnallella Salmon, 1951. Bagnallella was erected
based on three last abdominal segments fused, bidentate mucro and eight ocelli. Later,
Bagnallella was lost in the taxonomy of the subfamily and was mostly treated as a junior
synonym of either Folsomia or Proisotoma. After the examination of the type specimen,
it was discovered that the three last abdominal segments were actually separated (Po-
tapov and Janion-Scheepers 2017). Here, we suggest restoring Bagnallella for the group
of species mentioned above, rather than erecting a new generic name. Several other
forms described under different generic names also fit to Bagnallella at lesser or larger
degree of accuracy. For these species, the two Bagnallella key characters were men-
tioned in the associated descriptions or were seen by us, apart from three forms with
unknown sensillar chaetotaxy. Nevertheless, we suppose the last ones (notated with
question marks in the list of species of Bagnallella below) belong to the genus. Among
these species, Bagnallella sedecimoculata is poorly described and so is not the best to be
a generotype, but we prefer to keep a generic name already created by John Salmon.

The incertae sedis genus Bagnallella combines the characters of two large generic
groups by the separation of its two last abdominal segments and the presence of three
and five s-chaetae on Abd.IV and V respectively in characteristic position. The former
character is a diagnostic feature of the Proisoroma Borner, 1901 complex, the latter
indicates basic set of s-chaetae in Cryptopygus Willem, 1902 and related genera belong-
ing to Cryptopygus complex (Potapov et al. 2006, 2013, 2020). The latter complex is
characterized by the fusion of the two last abdominal segments. The genus Bagnallella
takes a neatly intermediate position between Cryptopygus (Crypropygus complex, South-
ern Hemisphere) and Scutisotoma (Proisotoma complex, Northern Hemisphere). The
three genera share, apart from the characters of the subfamily, the presence of a furca, a
mid-tergal position of macro s-chaetae on body tergites, and the absence of any specific
apomorphy. The combinations of the two key characters mentioned above are shown
in Figure 1. After the separation of the two last abdominal segments, we suggest treat-
ing Bagnallella in the Proisotoma complex.
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Distribution and ecology of Bagnallella. The genus is distributed worldwide.
More local species (B. davidi, B. douglasi, B. mishai, B. biseta, B. koepckei) are distrib-
uted in the Southern Hemisphere that indicates further relation to the “austral” genus
Crypropygus. Due to apparent ruderal B. tenella and pioneer B. ripicola, the genus also
occurs in the Northern Hemisphere. The ecology of the former species is especially
remarkable, as B. tenella is often recorded in mass abundances (Agrell 1939; Arle 1970;
Neves and Mendonga 2016). We speculate that B. davidi has an unusual biology and
ecology due to its morphological modifications (described below).

World list of the genus Bagnallella

Bagnallella biseta (Rapoport, 1963), comb. nov.

Bagnallella davidi (Barra, 2001), comb. nov.

Bagnallella dubia (Deharveng, 1981), comb. nov.
Bagnallella douglasi (Mendonga, Queiroz & Silveira, 2015), comb. nov.
? Bagnallella koepckei (Winter, 1967), comb. nov.
Bagnallella mishai (Mendonga et Silveira, 2019), comb. nov.
? Bagnallella nigromaculosa (Folsom, 1932), comb. nov.

? Bagnallella paronai (Borner, 1907), comb. nov.

Bagnallella ripicola (Linnaniemi, 1912), comb. nov.
Bagnallella sedecimoculata (Salmon, 1943), comb. nov.
Bagnallella tenella (Reuter, 1895), comb. nov.

Key to known species of Bagnallella”

1 Mucro tridentate (Fig. 10) ...cccooviiviiiiiiiiiiiiiicciccccce 2
— Mucro bidentate (Fig. 3)....cccccuiiiiiiiiiiiiiiicicice, 3
2 Dens with 4 anterior and 4 posterior chaetae (Fig. 10)......cccoeveiiinnnnnnnee

................................................................... B. davidi (Barra), South Africa
- Dens with 15-16 anterior and 12—13 posterior chaetae...........cccccvevruennenee.
.................................................... B. mishai (Mendonga & Silveira), Brazil
3 Manubrium with 1+1 anterior chaetae (Fig. 3) ....cceeivinnniiiiiice, 4
— Manubrium with 2-3+2-3 anterior chactae (Fig. 7) ...coooovoeiicucccccnnnnnnn. 6
4 Dens with more than 20 anterior and 15 posterior chaetae. 4 prelabral chae-
TAC.cevenvenrererreseneetteres et eresse et ebesaennenesrens B. ripicola (Linnaniemi), Europe
- Dens with fewer than 17 anterior and 8 posterior chaetae (Figs 2, 3). 2 prela-
bral chaetae. .......c.ccviviiiiiiiiiiicc e 5

* Some known species of the Proisotoma complex with insufficient description may belong to the genus
Bagnallella.
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6 Manubrium with 2+2 anterior chaetae, 7 0Celli cocvvvveveveeeeeieeeeeieeeeeeeeeeenn.

.................................. B. douglasi (Mendonga, Queiroz & Silveira), Brazil
- Manubrium with 3+3 anterior chaetae, 8 0Celli ...eeeeveeeoueeeeeeeeeeeeeeeeeeeeen. 7
7 Dens with more than 40 anterior chaetae...........coocvevvvviviiivieiceieeeeceee e

................. B. biseta (Rapoport), Argentina, B. koepckei (Winter), Peru**
- Dens with fewer than 30 anterior chaetae (Fig. 7) ....c.ococeuvivieeininicreniccnnnnes
B. tenella (Reuter), cosmopolitan, B. nigromaculosa (Folsom), Hawaii Is

Descriptions and remarks to species of the genus. Below we give the diagnosis,
description, remarks, and distribution, with, if possible, ecological remarks of all spe-
cies of Bagnallella. Some sections may be omitted if the associated species have good
morphological descriptions in the literature.

Bagnallella biseta (Rapoport, 1963), comb. nov.
Proisotoma biseta Rapoport, 1963

Material examined. Adult male from Argentina under label “Tucuman, 19/4/59, en-
tre maderas ...”, deposited in the Museum national d’Histoire naturelle (MNHN),
Paris, France. This individual was obviously among the material the original descrip-
tion was based on by E.H. Rapoport.

Diagnosis. Maxillary palp bifurcate, four prelabral chaetae. Dens with ~50 anteri-
or chaetae. Mucro bidentate. Anterior side of manubrium with 3+3 chaetae. 33/22235
sand 11/111 ms on body. Ventral chaetae absent on Th.III.

Description. Maxillary outer lobe with four sublobal hairs, maxillary palp bifur-
cate. Labral formula as 4/5,5,4. Guard chaeta e7 present on labium. Ant. III without
bms and with five distal s (including one lateral), without additional s-chaetae. Th. I,
II, and III without ventral chaetae. S-formula as 33/22235 (s), 11/111 (ms). Tibiotar-
sal tenent chaetae (1,1,1) clearly clavate. Tibiotarsi 1-2 with more than 24 chaetae.
Ventral tube with 6+5 chaetae (in the adult male studied). Retinaculum with 4+4 teeth
and two chaetae. Dens long and slender, with numerous crenulations, many (-50)
anterior and 17 (in the adult male studied) posterior chaetae. Anterior side of manu-
brium with 3+3 chaetae. Mucro bidentate.

Discussion. Our redescription is based on one individual of E. Rapoport, and
more material is needed to complete the understanding of B. biseta. The species obvi-
ously belongs to the genus Bagnallella by separation of two last abdominal segments
and s-chaetotaxy of Abd.IV and V. After chaetotaxy of tibiotarsi, ventral tube, and
dens, B. biseta appears to be a more polychaetotic species than its congeners. The close
relation of B. biseta and B. tenella (sharing 3+3 manubrial chaetae) is doubtful due to

** At present Bagnallella biseta cannot be reliably discriminated from Proisotoma koepckei based on the
existing descriptions. A similar problem exists with B. tenella and P nigromaculosa.
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difference in maxillary palp (bifurcate vs simple). The independence of B. koepckei and
B. paronai from B. biseta call for further verification. Bagnallella paronai is not included
in the key due to the incomplete diagnosis.

Distribution. Argentina and Chile (see Mari Mutt and Bellinger 1990 for details).

Bagnallella dubia (Deharveng, 1981), comb. nov.
Figures 3, 4

Crypropygus dubius Deharveng, 1981

Material examined. New Zealand, South Island, Central Otago, Pisa Range and Old
Man’s Range, high alpine zone, different sites, 17.02.2014, M. Minor leg.

Diagnosis. Maxillary palp bifurcate, two prelabral chaetae. Dens with 12-16
anterior chaetae. Mucro bidentate. Anterior side of manubrium with 1+1 chaetae.
33/22235 s and 10/100 ms on body. 2+2 ventral chaetae on Th.III.

Description. Colour grey. Cuticle, ocelli, outer mouth parts, and antennae as in
B. sedecimoculata. PAO as long as 0.8-0.9 Ant. I and as 1.4-1.5 as long as Claw IIL.
Ventral side of head with 4+4 postlabial chaetae. Th.III with 2+2 ventral axial chaetae.

Macrochaetae weakly differentiated, medial ones on Abd.V about as long as
0.4-0.5 of tergal midline. S-chaetae weakly differentiated. S-formula as 43/22235 (s),
10/100 (ms) (Fig. 4). S-chaetae on Abd.I-III in mid-tergal position. Tibiotarsi 1-2

Bagnallella Scutisotoma

Figures 1-4. S-patterns of Abd. IV-VI in the genera Crypropygus Bagnallella and Scutisotoma (1) B. se-
decimoculata (2) and B. dubia (3, 4) 2, 3 furca, anterior view 4 macrochaetae and s and ms-chaetae on

body. s = s-chaetae, ms = ms-chaetae.
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with 21 chaetae, Tibiotarsi 3 with few additional chaetae. Tibiotarsal tenent chaetae
not developed. Ventral tube with 4+4 laterodistal and usually with five posterior chae-
tae. Retinaculum with 4+4 teeth and two chaetae. Anterior furcal subcoxae with 13-15
chaetae, posterior ones with 7-9. Anterior side of manubrium with 1+1 distal chaetae.
Dens with 12-16 anterior chaetae, posterior side of dens with crenulation and seven
chaetae (Fig. 3). Mucro bidentate. Ratio of manubrium : dens : mucro = 6.0-6.7 :
5.0-6.0 : 1. Males present, with two thin spurs on Tibiotarsi I.

Discussion. This species was named after its dubious position in generic system
of Proisotomal Crypropygus (Deharveng 1981). It resembles B. sedecimoculata (see the
Discussion below) and apparently belongs to the genus Bagnallella by separation of
two last abdominal segments and s-chaetotaxy of Abd.IV and V. Our specimens from
New Zealand match the first description.

Distribution. Bagnallella dubia was described from Marion Island and recorded
in Macquarie Island (Greenslade and Wise 1986) and alpine sites of New Zealand
(Babenko and Minor 2015). The species is possibly widely distributed in cold sites of
high altitudes of the Southern Hemisphere. Its occurrence in Australia (Greenslade
20006) needs to be verified.

Bagnallella douglasi (Mendonca, Queiroz & Silveira, 2015), comb. nov.
Proisotoma douglasi Mendonca, Queiroz & Silveira, 2015.
Discussion. The species can be attributed to Bagnallella by the two key characters
of the genus. It is characterized by 33/22235 s, 11/111 ms, bifurcate maxillary palp,
long polychaetotic dens (34-35/14), and bidentate mucro. The presence of seven
ocelli and 2+2 chaetae on anterior side of manubrium are two unique characters
among members of the genus.

Distribution. This species is currently only known from SE Brazil.
Bagnallella mishai (Mendonca & Silveira, 2019), comb. nov.
Scutisotoma misha Mendonca & Silveira, 2019
Discussion. It is an easily recognizable species by 43/22235 s, 11/111 ms, simple max-
illary palp, dens (15-16/12-13), and tridentate mucro.

Distribution. One locality in southeastern Brazil.

Bagnallella ripicola (Linnaniemi, 1912), comb. nov.

Proisotoma ripicola Linnaniemi, 1912
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Diagnosis. Maxillary palp bifurcate, four prelabral chaetae. Ant. I with many addi-
tional chaetae. Dens long and slender, with 20-30 anterior chaetae or more. Mucro biden-
tate. Anterior side of manubrium with 1+1 chaetae. 33/22235 s and 11/111 ms on body.
Lateral s-chaetae on Abd.IV shifted to ventral side. Without ventral chaetae on Th.III.

Discussion. The full redescription is given by Fjellberg (2007).

Distribution and ecology. Europe. It prefers sandy places along the edge of water.

Bagnallella sedecimoculata (Salmon, 1943)
Figure 2

Folsomia sedecimoculata Salmon, 1943
Holotoma sedecimoculata (Salmon, 1943)
Proisotoma sedecimoculata (Salmon, 1943)

Material examined. South Africa, Western Cape, Stellenbosch, Jonkershoek Nature
Reserve, canyon to waterfall, SAF-086, 34.005570°S, 18.992067°E, 15/03/2008,
forest litter, Berlese, L.D. and A.B. leg.; Somerset, Helderberg, SAF-107, SAF-109,
SAF-116, 34.040883°S, 18.873649°F, alt. 600 m, 04/03/2009, native forest litter,
L.D. and A.B. leg.; Cape Town, Wynberg, Table Mountain, second collapse, SAF-
141, 33.987637°S, 18.405750°N, alt. 725 m, 10/03/2009, native forest litter, L.D.
and A.B. leg.; Constantia, Silvermine, in a small forest patch above Tokai, SAF-235,
34.038273°S, 18.395478°E, alt. 390 m, 06/11/2010, dead wood, D. Porco leg.; Kalk
Bay, Echo Valley, Spes Bona forest, SAF-555, 01/03/2019, Afromontane forest, moss
on rock, L.D. and A.B. leg.

New Zealand. NZL-049, Rotoiti: Lakes Rototongata and Rotoatua, 08/01/1996,
primary forest, litter, L.D. and A.B. leg.

Australia. Victoria, July 2010, University Ballarat, St. Helens, 37.629979°S,
143.890801°E, Eucalyptus plantation, moss, P. Greenslade. leg.

Macquarie Island, Bauer Bay, 54.5549°S, 158.8760°E, April 2016, Turf sample,
Berlese extraction, L. Phillips leg.

Diagnosis. Maxillary palp bifurcate, two prelabral chaetae. Dens slender, with
16-20 anterior chaetae. Mucro bidentate. Anterior side of manubrium with 1+1 chae-
tae. 33/22235 s and 10/100 ms on body. Without ventral chaetae on Th.III.

Description. Colour grey. Cuticle outwardly smooth. 8+8 ocelli, G and H smaller.
PAO about as long as 0.8 Ant. I and as 1.1-1.3 Claw III. Maxillary outer lobe with
four sublobal hairs and bifurcate maxillary palp. Labral formula as 2/554. Labium full
set of guards (e7 present), three proximal and four basomedian chaetae. Ventral side
of head with 4-5+4—5 postlabial chaetae. 11 chaetae on Ant.I, with three basal micro
s-chaetae (bms), of which one bms large, and two ventral s-chaetae (s), Ant.II with three
bms and one laterodistal s, Ant.III with one &ms and six distal s (including two lateral).
Thorax without ventral axial chaetae.
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Macrochaetae weakly differentiated, medial ones on Abd.V as long as 0.4-0.5 of
tergal midline. S-chaetae weakly differentiated. S-formula as 43/22235 (s), 10/100
(7ms). S-chaetae on Abd.I-III in mid-tergal position. General pattern of chactotaxy as
in B. dubia (Fig.4). Ti.1-2 with 21 chaetae, Ti.3 with few additional chaetae. Tibio-
tarsal tenent chaetae not developed. Ventral tube with 4+4 laterodistal and usually
with six posterior chaetae (four in a transversal row). Retinaculum with 4+4 teeth and
two chaetae. Anterior furcal subcoxae with 11-15, posterior ones with 7-9 chaetae.
Anterior side of manubrium with 1+1 distal chaetae (Fig. 2). Dens with 17-19(16-20)
anterior chaetae, posterior side of dens with crenulation and seven chaetae (Fig. 2).
Mucro bidentate. Ratio of manubrium : dens : mucro = 5.3-6.3 : 5.9-6.7 : 1.

Discussion. Bagnallella sedecimoculata was described from New Zealand and was
designated as type species for the genus Bagnallella (see the discussion to the genus
above). The type specimen from New Zealand was studied (Potapov and Janion 2017),
although only one generic character (separation of two abdominal segments) was prov-
en. The redescription given above is based mostly on the South African material which
looks conspecific to one individual in hand from New Zealand (L.D. and A.B. leg.).
Bagnallella sedecimoculata resembles B. dubia and differs by ventral chaetae on Th.III
(absent vs present) and a few more anterior chaetae on dens (16-20 vs 12-16). The
latter character is not stable enough to separate the two species.

Distribution. Probably widely distributed. So far with scattered records in the
South Hemisphere (New Zealand, Australia, South Africa, Macquarie Island).

Bagnallella tenella (Reuter, 1895), comb. nov.
Figures 5-8

Isotoma tenella Reuter, 1895
Proisotoma tenella (Reuter, 1895)
Proisotoma simplex Folsom, 1937
Proisotoma alba Yosii, 1939

Material examined. South Africa, Western Cape, Haarwegskloof, Swellendam,
34.3425°S, 20.3167°E, 18.vii.2017, litter trap (R17) with Dicerothamnus rhinoc-
erotis litter, O. Cowan leg.; Haarwegskloof, Swellendam, 34.3444°S, 20.3225°E,
18.vii.2017, litter trap (A17) with Medicago sativa litter, O. Cowan leg.; Eastern Cape,
Baviaanskloof, 33.7311°S, 23.9655°E, 24.iv.2013, BAV_F_49, A. Liu leg.; Free State
Province, Bankfontein Farm, 30.0567°S, 24.8942°E, 24.iv.2019, Berlese-Tullgren, tree
leaf litter, H. Badenhorst leg.

Cuba, Cienfuegos Province, 1984, J. Banasco-Almenteros leg.

Indonesia, Lombok Island, vic. Toko Nusa Sari, marine beech, 8.7411° S,
116.0011° E, 4.1V.2017, V. Makarov leg.

Brazil, Espirito Santo, Domingos Martins, Arace, 4.VI1.2000, M. Culik leg.
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Figures 5-8. Bagnallella tenella 5 chaetotaxy of posterior part of Abd. IV, Abd.V and VI 6 ocelli, PAO, and

Ant. I 7 furca, lateral view 8 macrochaetae and s and ms-chaetae on body. s = s-chaetae, ms = ms-chaetae.

Diagnosis. Maxillary palp simple. Four prelabral chaetae. Dens slender, with ca
20-30 anterior chaetae. Mucro bidentate. Anterior side of manubrium with 3+3 chae-
tae. 33/22235 s and 11/111 ms on body. No ventral chaetae on Th.III.

Description. Colour grey of different intensity. Cuticle outwardly smooth. 8+8 ocelli,
G and H smaller. PAO (Fig. 6) about half as long as width of Ant.I and 0.8-0.9 as long
as Claw 3. Maxillary outer lobe with four sublobal hairs and simple maxillary palp. Labral
formula as 4/554. Labium without guards €7, with three proximal and four basomedian
chaetae. Ventral side of head with 4-5+4-5 postlabial chaetac. With several additional
chaetae on Ant.I. AntI with three basal micro s-chaetae (bs), one dorsal large, Ant.IT
with three bms, Ant. 111 without ms. Thorax without ventral axial chaetae. Macrochaetae
rather long, differentiated (11/3334), medial ones on Abd.V about as long as tergal mid-
line. S-chaetae on tergites slightly shorter than ordinary chaetae. S-formula as 33/22235
(s), 11/111 (ms) (Figs 5, 8). S-chaetae subequal, on Abd.I-III in mid-tergal position. Mi-
cro s-chaetae on Abd.I-II in front of lateral s-chaetae, on Abd.III between medial and
lateral s-chaetae (Fig. 8). Tibiotarsal tenent chaetae (1,1,1) often present, weakly clavate
(see Discussion). Retinaculum with 4+4 teeth and 1-2 chaetae. Furca long. Anterior side
of manubrium with 3+3 chaetae arranged in two lines (Fig. 7). Dens with more than 20
anterior chaetae, posterior side of dens with crenulation and 7-10 chaetae (Fig. 7). Mucro
bidentate. Ratio of manubrium : dens : mucro = 7-8:9: 1.
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Discussion. The species belongs to the genus Bagnallel/a by having two last ab-
dominal segments separated and three and five s-chaetae on Abd. IV and V. It shares
3+3 anterior chactae on manubrium with B. biseta, B. koepckei, and B. paronai from
South America from which it differs by fewer chaetae on dens.

Number of posterior chaetae on dens, clavate tibiotarsal chaetae, and chaetae on
retinaculum vary. We treat all this variation within one species, but further study is
needed. The independence of Proisotoma nigromaculosa (Hawaiian Islands) is doubtful.

Although we have no material from Europe, Stach’s (1947) concept of P tenella
based on the specimens from Poland is accepted by us (for details see Potapov 2001;
Fjellberg 2007). Our tropical material fits Stach’s (1947) descriptions.

Distribution and ecology. Widely distributed cosmopolitan species. Common in
tropics. In higher latitudes only in protected soils.

Description of Bagnallella davidi and its forms in South Africa

Bagnallella davidi (Barra, 2001), comb. nov.
Figures 9-24

Proisotoma davidi Barra, 2001

Material examined. Typical form: South Africa, Free State Province, Bankfontein
Farm, 30.0567°S, 24.8942°E, 24.iv.2019, Berlese-Tullgren: tree leaf litter, H. Baden-
horst leg.; South Africa, Western Cape, Haarwegskloof, Swellendam, 34.3422°S,
20.3169°E, 18.vii.2017, litter trap (G18) with Pentameris eriostoma litter, O. Cowan
leg., South Africa, SAF 583 (11.m CJ SWB); Prince Albert: Swartberg North: road to
Swartberg Pass, 11/03/2019, meadow, moss, C.]. leg.

Short-haired form: South Africa, Western Cape, Haarwegskloof, Swellendam,
34.3534°S, 20.3042°E, 18.vii.2017, litter trap (A4) with Medicago sativa litter, O.
Cowan leg.; Cederberg Wilderness area, Litter trap CED588; South Arica, Western
Cape, Cederberg Wilderness area, Litter trap CED394; Jonkershoek Nature Reserve,
33.9891°S, 18.9575°E, 05.ix.2011, Litter trap (J4, 124); Jonkershoek Nature Reserve,
33.9891°S, 18.9575°E, 30.vii.2009, Litter trap, C.]. leg.; J2, 32.1; Landdroskop, Jan.
2012, H. Basson leg.; Prince Albert, Swartberg North, Swartberg crest, 12/03/2019,
SAF-612, SAF-618, meadow, litter and soil, L.D., C.J. and A.B. leg.

Intermediate form: South Africa, Western Cape, Haarwegskloof, Swellendam,
34.3345°S, 20.3187°E, 18.vii.2017, litter trap (R24) with Dicerothamnus rhinocero-
tis litter, O. Cowan leg.; Prince Albert, Swartberg North, Swartberg crest, SAF-612,
12/03/2019, meadow, litter, L.D., C.J. and A.B. leg.; Prince Albert, Swartberg North,
Swartberg crest, SAF-618, 12/03/2019, meadow, soil, L.D., C.]J. and A.B. leg.; Prince
Albert, Swartberg North, road to Swartberg Pass, SAF-601, 12/03/2019, meadow, lit-
ter and soil, L.D., C.J. and A.B. leg.; Prince Albert, Swartberg North, Swartberg crest,
SAF-614, 12/03/2019, moss on rock, Berlese, L.D., C.]J. and A.B. leg.



178 Mikhail Potapov et al. / ZooKeys 1072: 167-186 (2021)

Figures 9-14. Bagnallella davidi, normal long-haired (9—11) and short-haired form (12-14) 9, 12 macro-
chaetae and s and ms-chaetae on body 10, 13 posterior part of abdomen 11, 14 Abd.I. s = s-chactae, ms =
ms-chaetae.

“Clasping supermales”: SAF-601, South Africa: Western Cape: Prince Albert:
Swartberg North: road to Swartberg Pass, 12/03/2019, meadow, litter and soil, L.D.,
C.J. and A.B. leg.

“Spiny supermales”: SAF-554; South Africa: Western Cape: Kalk Bay: Echo Val-
ley: Spes Bona forest, 01/03/2019, Afromontane forest, moss and lichen on rock,
L.D. and A.B. leg.
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subadult supermale

lateral view

Figures 15-19. Bagnallella davidi, the “clasping supermale” 15 subadult individual, dorsal view
16, 17 adult, dorsal 16 and lateral 17 views 18 posterior part of abdomen in adult male, ventral view
19 mandible. Man = Manubrium.

Diagnosis. 3+3 postlabial chaetae. Maxillary palp simple. Dens with four anterior
and four posterior chaetae. Mucro tridentate, teeth arranged in a line. Anterior side of
manubrium with 1+1 chaetae. 43/22235 s and 10/100 ms on body (Figs 9-11). No
ventral chaetae on Th.III. Typical form of species with long macrochaetae (Fig. 10).

Description. Maxillary outer lobe with four sublobal hairs, maxillary palp simple.
Labral formula as 4/5,5,4. Labium with five usual papillac (-E) and labial formula
A1B4CODA4EG, guard chaeta e7 absent, three proximal and four basomedian chae-



180 Mikhail Potapov et al. / ZooKeys 1072: 167-186 (2021)

tae. Ventral side of head with 3+3 chaetae. PAO shorter than Ant.I width (0.6-0.8).
Ant. I with 11 common chaetae, two ventral s-chaetae (s) and three bms, of which
one dorsal long, chaeta-like (this ms was calculated together with common chaetae
in first description, 12 at whole); Ant. II with three bms and one latero-distal s;
Ant. III with one bms and with six distal s (including two lateral), without additional
s-chaetae. Organite pin-like, not very small. Empodial appendage about half as long
as Claw. Anterior and posterior furcal subcoxae with 9—14 and 7-8 chaetae, respec-
tively. Male spurs on tibiotarsi 3 thin, stick-like. Th. I-III without ventral chaetae.
Ratio manubrium : dens : mucro as 4.4-5.0 : 3.3-3.8 : 1; dens : Claw as 3.3-3.6 (for
the typical form).

Discussion. Bagnallella davidi is a rather peculiar species of the genus due to few
chaetae on dens (vs many more chaetae both on anterior and posterior sides), triden-
tate mucro (shared with B. mishai only), and 3+3 postlabial chaetae (vs 4+4 or more
in other species). The first description is almost complete and, therefore, we made very
few additions concerning mouth parts. The species exhibits high variation in length
of macrochaetae and show different modifications of males. All the forms (described
below) can indicate either high plasticity of a single species or the complex of separate
although closely related species, calling for further morphological, biological, ecologi-
cal, and molecular investigations.

Distribution. Eastern Cape, Amatola Mountains (type location) and widely in the
Western Cape and Free State (our material) provinces of South Africa.

Polymorphism of Bagnallella davidi

1. “Typical “ form (Figs 9-11). B. davidi was described in this form (Barra 2001).
Macrochaetae on body segments are long. Ratios: Mac on Abd.V as long as 0.7-1.0
of tergal midline. Mac : Abd.V width = 0.7-1.0; Mac : mucro = 3.3-4.1; Mac : dens
= 0.8-1.1 (Fig. 9). In Proisoroma complex, so long macrochaetae is a unique character
among species of Bagnallella and sometimes occur in the genera Weberacantha Chris-
tiansen, Narynia Martynova and Folsomides Stach. This form was found in juvenile and
fully adult specimens, both in females and males.

2. “Short-haired” form (Figs 12—14). Macrochaetae are short, shorter than com-
mon chaetae on most abdominal segments. Ratios: Mac : Abd.V Mac on Abd.V as
long 0.2-0.3 of tergal midline; Mac : mucro = 0.9—1.4; Mac : dens 0.2-0.3. In spite
of their small size, macrochaetae are erect and stiff and so well recognized indicating
their possible ecomorphic nature although the integument and mouthparts are not
modified. Head and furca appear to be relatively larger than in typical form. Ratio
manubrium : dens : mucro as 5.1-6.6 : 4.1-5.8 : 1; dens : Claw as 3.3-4.5. All other
significant characters (s-chaetotaxy, mouth parts, chaetotaxy of extremities) are as in
typical form. All instars and both sexes can belong to this form.

We also found individuals with middle-sized macrochaetae (as in Fig. 15), which
is on Abd.V twice as long as mucro (vs 3.3—4.1 in typical form and 0.9—1.4 in short-
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Figures 20. Bagnallella davidi, anterior part of head and antennae in adult “clasping supermale”.

haired form) and half as long as dens (vs subequal to dens in typical form and 0.2-0.3
as dens in short-haired form).

Each studied population consists of only one of the forms, and we have not found
a continuous range of macrochaetae variability, apart from short-haired clasping adult
supermales occurring in “normal” populations.

3. “Clasping supermales” (Figs 15-20). Ant.I-III expanded and partly fused.
Antennae joints probably lost mobility. Inner side of Ant.Il and III is armed with
thickened, flame-shaped, and bifurcate chaetae which probably form a clasping organ.
Front of head have chitinized tubercles. Anal valves are armed with spines. Mandibles
without apical teeth. Macrochaetae short. Subadult clasping supermales, i.e., males
without fully developed genital plate and without developed ejaculatory duct, have
also expanded antennae although without modified chaetae on inner their side. They
show normal (longer than on adult supermales) macrochaetae and normal mandibles
and have no spines on anal valves (Fig 15-20). The females of the same population
belong to the form with middle-sized macrochaetae.

4. “Spiny supermales” (Figs 23-25). One of the males has a row of spiny p-chae-
tae on Abd.IV and strong thickened macrochaetae on lateral parts of Abd.VI. Other
macrochaetae on the body are weakly developed. Common chaetae on dorsum of Abd.
IV-VI curved at apex (Fig. 25). Mandibles without apical teeth and molar plate (Fig.
24). Outer mouth parts (labrum, maxillary outer lobe, and labium) not fully developed.
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adult modest male
of typical form

adult modest male
of «short-haired» form

Figures 21-25. Bagnallella davidi unmodified (21, 22) and “spiny supermale” (23-25) 21-23 lateral

view 24 mandible 25 posterior part of abdomen, lateral view. s = s-chaetae, M = macrochaetae.

Unmodified males are much more frequent than the two male forms described
above. In most populations, only unmodified males are known. They can show all pos-
sible length of macrochaetae and belong to associated forms (Figs 21, 22).
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Discussion

If present, the clasping organ of Collembola is formed by two symmetrical complexes
associated with, respectively, left and right antennae, or, more rarely, other limbs. Paired
“clasps” are evolutionary formed in different taxa, for example, in the family Sminthuridi-
dae, Vertagopus reuteri (Schott, 1893), Rhodanella minos Denis, 1928, Seira raptora (Zep-
pelini & Bellini, 2006) (Delamare Deboutteville et al. 1969; Betsch 1980; Fjellberg 1982;
Bellini et al. 2009). In “clasping supermales” of Bagnallella davidi, all modified chaetae
(curved spines, flame-shaped, flattened, and bifurcate) are found on the inner side of the
antennae, forming a unique type of clasping organ. This allows males to grasp females
between the two antennae at the axial region. The only possible similar case was described
in Vertagopus pseudocinereus Fiellberg, 1975, which clasps the female with right and left
antennae. This species has curved and serrated chaetae on antennae, without any strong
modifications (Goloschapova et al. 20006: fig. 2). We can assume that males of B. davidi
uses this unpaired “clasp” (Fig. 20) in a similar manner, for clasping onto the female.

The function of the spiny row in “spiny supermales” of B. davidi is more difficult
to explain. The armature of the posterior row on Abd.IV somewhat resembles back-
ward-shifting macrochaetae in males of Scutisotoma acorrelata Potapov, Babenko &
Fjellberg, 2006, while strong lateral macrochaetae on Abd. VI indicate some similarity
to Ephemerotoma huadongensis (Chen, 1985), which shows similar armature on both
Abd. V and VI (described by Potapov et al. 2015, 2020, respectively).
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