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Abstract

A new elasipodid species of holothuroid, Laetmogone multiradiolus sp. nov., was discovered from the abyssal plain adjacent to 
the Kermadec Trench in the South Pacific Ocean at a depth of 5735 m, representing the deepest record of a Laetmogone species. 
We provide a detailed description of the morphological features of this newly-discovered species and present molecular data for 
the new species and two congeneric specimens collected from the South China Sea used in the phylogenetic analyses of the family 
Laetmogonidae. Furthermore, we provide a taxonomic key to Laetmogone species and discuss the geographical distribution and 
species diversity for the family Laetmogonidae. More specimens from broader geographical locations and additional molecular data 
are needed to better investigate the phylogeny, morphology and biogeography of laetmogonid holothuroids.
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Introduction

Holothuroids are prominent members of marine benthic 
invertebrate communities and they exhibit high diversi-
ty in the deep sea (Hansen 1975; Iken et al. 2001; Jamie-
son et al. 2011). The class Holothuroidea includes the 
order Elasipodida, which is comprised of four families: 
Psychropotidae Théel, 1882, Elpidiidae Théel, 1882, 
Laetmogonidae Ekman, 1926 and Pelagothuriidae Lud-
wig, 1893. Species in these families are found at differ-
ent depths (Hansen 1975; Gebruk 1990, 2008; Rogache-
va et al. 2013). Laetmogonid holothuroids are restricted 
to bathyal and abyssal depths, which encompasses both 
cosmopolitan and endemic species (Reich 2012). La-
etmogone Théel, 1879, which is one of the six genera 
within the family Laetmogonidae, was established by 
Théel (1879), based on specimens collected during the 

“Challenger” expedition of 1872–1876. Members of 
this genus are characterised by the presence of papil-
lae along the dorsal radii, the lack of mid-ventral tube 
feet and circum-oral papillae and the absence of mar-
ginal teeth on the wheel ossicles (Hansen 1975). Cur-
rently, the genus Laetmogone includes 12 valid species 
(WoRMS 2024).

From October 2022 to March 2023, a joint China-New 
Zealand scientific expedition conducted an extensive and 
systematic manned, deep-sea diving survey in the Ker-
madec Trench in the South Pacific (Peng et al. 2023). 
During this expedition, we collected more than 110 ho-
lothuroid specimens. In this study, we focus on the genus 
Laetmogone in these collections, discuss the geographic 
distribution and diversity of laetmogonid holothuroids 
(data on the remaining holothuroid taxa will be published 
separately) and provide a taxonomic key to Laetmogone 
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species. After the examination of these specimens, we 
identified a new species by utilising both morphological 
features and molecular phylogenetic analyses.

Materials and methods
Sample collection

A single specimen was collected from the abyssal plain 
adjacent to the Kermadec Trench in the South Pacif-
ic Ocean (maximum depth ~ 10,000 m). We used the 
manned submersible vehicle ‘Fendouzhe’ at a depth of 
5735 m (Fig. 1) as part of the Global Trench Exploration 
and Diving Program (Global TREnD). The specimen was 
preserved in 99% high grade absolute ethanol. To per-
form comprehensive phylogenetic inference on the fami-
ly Laetmogonidae, we supplemented molecular data from 
two specimens collected from the South China Sea in the 
West Pacific Ocean using the manned submersible vehi-
cle ‘Shenhaiyongshi’ at depths of 3566 m and 3568 m, 
respectively (Fig. 1) and they were preserved at - 80 °C. 
The specimen of the new species was registered while 
we were onboard using the Specify niwainvert database 
of National Institute of Water and Atmospheric Research 

(NIWA), which was loaned by the NIWA Invertebrate 
Collection (NIC) to Institute of Deep-sea Science and 
Engineering (IDSSE). The South China Sea specimens 
were deposited at IDSSE, Chinese Academy of Sciences 
(CAS), Sanya, China.

Morphological observation

External morphological features were observed on un-
derwater pictures in situ and images taken onboard im-
mediately after collection, which included skin colour, 
width, length, body shape, the number and arrangement 
of dorsal papillae, tube feet and tentacles. Some of these 
features were examined under a dissecting stereomicro-
scope (OLYMPUS SZX7). A solution of 15% sodium 
hypochlorite was used to remove the tissues and isolate 
the ossicles. The general types of ossicles were observed 
under an optical microscope (OM) and photographs were 
taken with a scanning electron microscope (Phenom 
ProX). The ossicles were rinsed with absolute ethanol, 
dehydrated, bonded on double-sided carbon tapes and 
coated with gold before SEM observation. We followed 
Thandar (1998) and Rogacheva et al. (2013) for the ter-
minology of wheel ossicles.

Figure 1. Sampling locations of Laetmogone multiradiolus sp. nov. NIWA164015 (red dot) and Laetmogone cf. wyvillethomsoni 
Théel, 1879 (red diamond).
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DNA extraction and sequencing

For genetic sequencing, we used one specimen of Laet-
mogone multiradiolus sp. nov. collected from the abyssal 
plain adjacent to the Kermadec Trench and two speci-
mens of Laetmogone cf. wyvillethomsoni collected from 
the South China Sea. The genomic DNA of each indi-
vidual was extracted using a TIANamp Marine Animals 
DNA Kit (TianGen, Beijing), following the manufactur-
er’s protocol. Mitochondrial cytochrome c oxidase sub-
unit I (COI) was generated for all specimens using the 
primers outlined in Miller et al. (2017). The PCR con-
ditions consisted of an initial denaturation at 95 °C for 
3 min, followed by 40 cycles at 95 °C for 10 s, anneal-
ing temperature at 50 °C to 52 °C for 10 s, extension at 
72 °C for 10 s and a final extension at 72 °C for 5 min. 
The 50 μl reaction used for the amplification contained 
2 μl of template DNA, 1 μl of each primer and 46 μl of 
GoldenStar® T6Super PCR Mix (1.1×). PCR products 
were assessed on GelRed-stained 1.5% agarose gel elec-
trophoresis and sequenced in both directions using the 
ABI 3730 DNA Analyzer sequencing facility from BGI 
Genomics, Shenzhen, Guangdong Province, China. The 
final sequences were deposited in the Science Data Bank 
of the Chinese Academy of Sciences (Xiao and Zhang 
2024) and the GenBank database with the accession num-
bers PP817260–PP817262.

Barcoarding and phylogenetic analyses

Three COI sequences of three specimens in this study and 
23 COI sequences from GenBank, were used for phyloge-
netic analyses (Suppl. material 1). We used COI sequenc-
es of Peniagone diaphana (Théel, 1882) and Peniagone 
sp. (Table 1) from the family Elpidiidae as an outgroup. 

All sequences were aligned using MAFFT7 (Katoh and 
Standley 2013). Maximum Likelihood (ML) phylogeny 
was inferred using IQ-TREE with 20,000 ultrafast boot-
straps (Minh et al. 2013; Lam-Tung et al. 2015). Parti-
tionFinder2 (Lanfear et al. 2017) was used to choose the 
best-fitting model, which was GTR + I + G, with all al-
gorithms and AICc criteria. Bayesian Inference (BI) phy-
logenies were carried out using MrBayes 3.2.6 (Ronquist 
et al. 2012) under the partition model (two parallel runs, 
5,000,000 generations). The first 25% of sampled trees 
were discarded as burn-in and then the remaining trees 
were used to construct a 50% majority rule consensus 
tree. The results were visualised using FigTree v. 1.4.4. 
(Rambaut 2018). The genetic distances of COI amongst 
Laetmogone species were calculated using MEGA X 
(Kumar et al. 2018).

Distribution and species diversity of 
Laetmogonidae

The existing distribution data of Laetmogonid species 
were obtained from the Ocean Biodiversity Informa-
tion System (https://obis.org/), the Global Biodiversity 
Information Facility (https://www.gbif.org/zh/), from 
published literature and include data from this study. 
The distribution of six genera in the family Laetmogo-
nidae was illustrated using Generic Mapping Tools, 
which is a cartographic scripting toolset developed by 
Wessel and Smith (1995). Using the World Register of 
Marine Species (WoRMS) and primary literature (Théel 
1879; Ludwig, 1893; Mitsukuri 1897; Sluiter, 1901; 
Fisher 1907; Massin 1987; Thandar 1998; Rogacheva 
et al. 2013), we obtained data of all accepted species of 
this family to discuss the geographical distribution of 
different groups.

Table 1. Laetmogone multiradiolus sp. nov. NIWA164015. Number of spokes and central rays and diameter of 100 wheels from 
body wall, papillae, tube feet and tentacles of the holotype.

Diameter (mm) Central rays Spokes
4 5 6 8 9 10 11 12 13 14 15 16 17 8–17

0.04 8 – – – – – 1 2 2 3 – – – 8
0.05 2 2 – – – – 1 1 1 – – 1 – 4
0.06 7 4 – – – – 1 2 2 2 2 2 11
0.07 3 1 – – – – 1 1 1 1 – – – 4
0.08 5 4 – 1 1 1 2 3 – 1 – – 9
0.09 4 4 – 1 1 2 2 1 1 – – 8
0.10 5 3 1 2 1 1 2 1 1 1 – – 9
0.12 2 3 – 1 2 1 1 – – – – – 5
0.13 2 6 – 2 1 1 1 1 1 1 – – – 8
0.14 1 4 – 1 1 2 – – – 1 – – – 5
0.15 – 3 – 1 1 – – 1 – – – – 3
0.16 1 2 – 1 1 1 – – – – – – – 3
0.17 1 3 – 2 2 – – – – – – – 4
0.18 1 2 – 1 2 – – – – – – – 3
0.19 – 6 – 6 – – – – – – – 6
0.20 2 6 – 1 1 4 1 1 – – – – – 8
0.21 – 2 – – – – 2 – – – – – – 2
0.04-0.21 44 55 1 8 11 23 11 15 14 10 5 1 2 100

http://www.ncbi.nlm.nih.gov/nuccore/PP817260
http://www.ncbi.nlm.nih.gov/nuccore/PP817262
https://obis.org/
https://www.gbif.org/zh/
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Results
Systematics

Order Elasipodida Théel, 1882
Family Laetmogonidae Ekman, 1926

Genus Laetmogone Théel, 1882

Diagnosis. “Circum oral papillae absent; mid-ventral 
tube feet absent; dorsal papillae in single rows, double 
rows or bands; ventrolateral papillae absent; wheels lack-
ing marginal teeth” [from Hansen 1975: 52].

Type species. Laetmogone wyvillethomsoni Théel, 1879.
Other species. L. billetti Rogacheva & Gebruk in Ro-

gacheva et al. 2013; L. biserialis Fisher, 1907 [syn. L. ne-
glecta Mitsukuri, 1912]; L. fimbriata (Sluiter, 1901) [syn. 
L. parva Mitsukuri, 1912; L. selenkai Mitsukuri, 1912]; 
L. ijimai (Mitsukuri, 1897); L. interjacens Sluiter, 1901; 
L. maculata (Théel, 1879) [syn. L. enisus Sluiter, 1901]; 
L. parvipedata Massin, 1987; L. perplexa Thandar, 1998; 
L. scotoeides (H.L. Clark, 1913); L. theeli Ludwig, 1893; 
L. violacea Théel, 1879 [syn. L. brongniarti E. Perrier, 
1886; L. jourdainii Petit, 1885].

Laetmogone multiradiolus sp. nov.
https://zoobank.org/2BC0CDB1-086A-41DE-B71C-A9FD5325D02F
Figs 2–4

Material examined. Holotype South Pacific • 1 spec-
imen; from the abyssal plain adjacent to the Kermadec 
Trench; 31°55.54'S, 176°57.09'W; depth 5735 m; 3 Nov 
2022; preserved in 99% high grade absolute ethanol; 
NIWA164015.

Type locality. The abyssal plain adjacent to the Ker-
madec Trench, the South Pacific, depth 5735 m.

Diagnosis. A member of the genus Laetmogone with 
the following features: Colour uniformly dark violet; 
tentacles 17, with rounded terminal discs, slightly lobed; 
calcareous ring absent; papillae conspicuous, nine in each 
dorsal radius; tube feet 12 pairs, placed in single rows 
along ventrolateral radii. Body-wall ossicles in form of 
elasipodid wheels, circular in outline, with 4–5 (rarely 6) 
central rays, 8–17 spokes, nave covered by a calcareous 
membrane; rods and few irregular ossicles in papillae, 
tube feet and tentacles; cross-shaped ossicles absent.

Description. Body long, cylindrical, slightly pointed an-
teriorly (Fig. 2A, B), 31 cm long, 7.5 cm wide in situ (Fig. 
2C, D), 11 cm long, 1.5 cm wide in preserved state. Colour 
uniformly dark violet in both vivo and preserved states (Fig. 
2A–F). Tentacles 17, large, 0.6–1 cm in length after several 
days of fixation, slightly lobed (Fig. 2E, F). Dorsal papillae 
conspicuous and nine pairs, arranged in single rows along 
dorsal radii, 0.7–3 cm long after preservation. Ventrolateral 
tube feet large, robust and conical, up to 12 pairs, 0.4–0.9 cm 
in a state of preservation. Mouth ventral, anus terminal. Ven-
trolateral brim absent. Calcareous ring absent; gonads with 
numerous branched tubules, arranged in several clusters. 

Only wheel ossicles in dorsal and ventral body walls (Fig. 
3A–G), with no sharp distinction between the two types. 
The nave of every wheel covered by a calcareous membrane 
(Fig. 3D). Wheels in body wall 0.04–0.21 mm in diameter, 
central rays 4–5, rarely 6, 8–17 spokes. Rods and wheels in 
tube feet, papillae and tentacles, wheels similar to those of 
the body wall. Papillae wheels, rods and few irregular os-
sicles (Fig. 4A), rods smooth and stout, curved or straight, 
occasionally possessing a few little spines on rod ends, 0.2–
0.5 mm long. Wheels and curved rods in tentacles (Fig. 4B), 
rods up to 0.8 mm in length, with small spines on both ends, 
some rods terminally bifurcated (Fig. 4B). Ossicles in tube 
feet (Fig. 4C) wheels, rods and irregular ossicles, rods sim-
ilar in size and shape to those in papillae, irregular ossicles 
may represent a developmental stage of wheels.

More details of the hub, rim, central rays, spoke spaces 
and orientation of wheels from L. multiradiolus sp. nov. 
were shown in Fig. 5.

We counted the spokes and central rays and the diame-
ter was measured in the specimen collected from the Ker-
madec Trench (Table 1). A sample of 100 wheels taken 
from the body wall, papillae, tube feet and tentacles (Ta-
ble 1) revealed the following data:

A total of 44% of wheels had four central rays, 55% 
had five and only 1% had six rays. The number of spokes 
per wheel varied from 8–17 with the majority (84%) hav-
ing 9–14 spokes (11% with 9, 23% with 10, 11% with 11, 
15% with 12, 14% with 13 and 10% with 14 spokes). The 
largest wheel (0.21 mm) had only 11 spokes. Only wheels 
with a diameter of 0.06 mm had the maximum spokes 
(17). A higher spoke number (15–17) is typical of smaller 
(< 0.1 mm) wheels.

Etymology. The specific name was derived from the 
Latin words multi (many) and radius (ray or beam), which 
refers to the large number of the spokes of wheel ossicles.

Distribution and habitat. Known only from the type 
locality so far. In this field, the holotype was found on 
flat sedimentary terrains. Benthic species, no swimming 
behaviour was observed.

Remarks. Laetmogone multiradiolus sp. nov. clearly be-
longs to the genus Laetmogone and possesses 12 pairs of 
tube feet, which makes Laetmogone multiradiolus sp. nov. 
unique amongst the known Laetmogone species. The new 
species was characterised by a single type of wheel, with 
4–5 (rarely 6) central rays and 8–17 spokes. These features 
place it most similar to Laetmogone wyvillethomsoni Théel, 
1879. However, L. multiradiolus sp. nov. can be differenti-
ated from L. wyvillethomsoni by the following features: (1) 
The number of tentacles and tube feet were different. L. mul-
tiradiolus sp. nov. had 17 tentacles and 12 tube feet on each 
side, whereas L. wyvillethomsoni had 15 tentacles and at 
least 15 tube feet on each side. (2) In the new species, larger 
wheels reached 0.21 mm in diameter, whereas in L. wyvil-
lethomsoni, wheels > 0.16 mm in diameter were not found. 
(3) Wheels in L. wyvillethomsoni had 8–14 spokes and some 
wheels in L. multiradiolus sp. nov. had spokes > 14 (8–17).

The new species was also quite different from other 
Laetmogone species. Laetmogone multiradiolus sp. nov. 
differed from L. maculatus by the absence of rosettes, 

https://zoobank.org/2BC0CDB1-086A-41DE-B71C-A9FD5325D02F
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Figure 2. Laetmogone multiradiolus sp. nov. NIWA164015. A, B. Specimen before fixation; C, D. In situ images; E, F. Tentacles; 
dp – dorsal papillae, tf – tube feet. Scale bars: 4 cm (A–B); 10 cm (C–D); 2 mm (E); 500 μm (F).

Figure 3. SEM images of ossicles from dorsal and ventral body wall of Laetmogone multiradiolus sp. nov. NIWA164015. Scale bar: 
100 μm (A–G). ‘S + number’ indicates the number of spokes.
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from L. violacea Théel, 1879 by the absence of crosses, 
from L. scotoeides, L. maculata, L. fimbriata, L. billetti, 
L. ijimai, L. biserialis and L. pervipedata by the absence of 
two distinct types of wheels. The number of tentacles and 
tube feet makes L. multiradiolus sp. nov. and L. theeli dif-
ferent; the latter species had numerous tube feet and 20 ten-
tacles, whereas the new species had relatively few tube feet 
and 17 tentacles. The difference between L. interjacens, 
L. perplexa and L. multiradiolus sp. nov. is that the new 
species had large, conspicuous papillae and the papillae of 
the former two species were small or minute. The dorsal 
papillae were arranged in two rows along the dorsal radii 
(four rows along dorsal radii in L. parvipedata), which dis-
tinguished L. multiradiolus sp. nov. from L. parvipedata.

Laetmogone cf. wyvillethomsoni Théel, 1879
Figs 5, 6

Laetmogone cf. wyvillethomsoni, Bribiesca-Contreras et al., 2022: 78–
79, fig. 49.

Material examined. West Pacific • 1 specimen; South 
China Sea; 18°38.20'N, 114°21.29'E; depth 3568 m; 

13 July 2019; preserved in - 80 °C; IDSSE-EEB-HS48. 
• 1 specimen; South China Sea; 18°38.22'N, 114°21.36'E; 
depth 3566 m; 13 July 2019; preserved in - 80 °C; IDSSE-
EEB-HS49.

Description. Body cylinder-shaped and slender. 15.6–
24 cm long and 5.2–7 cm wide before preservation (Fig. 
6A–E), with the length exceeding the width by more than 
three times. Mouth anterior, subventral (Fig. 6A–D). 
Anus terminal, slightly dorsal. Colour dark violet in both 
vivo and fixed states. Tentacles 15, of similar size. Odd 
ambulacrum naked. Conical tube feet 21–28, arranged 
in single rows on ventrolateral radii. Each dorsal radius 
with a single row of 12–17 long papillae. Ossicle mor-
phology unavailable due to poor condition of the South 
China Sea specimens.

Remarks. The South China Sea specimens in this 
study (Fig. 6) belong to the same species (see Table 2 
below, 0–0.8% K2P genetic distance) of the Clari-
on-Clipperton Zone (CCZ) specimen described by Bri-
biesca-Contreras et al. (2022) and our phylogenetic 
analyses showed a well-supported clade (see Fig. 7 be-
low, BS = 90, PP = 0.94). The CCZ specimen resembled 
L. wyvillethomsoni closely, as reported by Théel (1879) in 
the original publication, but no rod-shaped ossicles were 

Figure 4. SEM images of dorsal papillae, tentacles and tube feet ossicles from Laetmogone multiradiolus sp. nov. NIWA164015. 
A. Papillae; B. Tentacles; C. Tube feet. Scale bars: 100 μm (A–C).
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Figure 5. SEM images of wheel-like ossicles from Laetmogone multiradiolus sp. nov. NIWA164015. A–E. Lower side, lateral oblique 
view; F, G. Lower side, lateral oblique view; H. Upper side, lateral oblique view; I–K. Lower side (I. 4 rays, 8 spokes; J. 5 rays, 10 
spokes; K. 6 rays, 17 spokes); L. upper side. Scale bars: 50 μm (A–L). The yellow box and line show more details of the central rays.

found in the dorsal skin. The South China Sea specimens 
were in poor condition and mostly fragmented, which 
made it impossible to obtain ossicles from specific tissue 
sites. Therefore, we only provided molecular data and im-
ages and morphological studies of more specimens are 

needed to determine the specific taxonomic status of this 
species. The discovery of specimens collected from the 
South China Sea expanded their geographical distribu-
tion from the eastern to the western Pacific Ocean, with a 
maximum recorded depth of 3568 m.



zse.pensoft.net

Xiao, Y.L. et al.: A new laetmogonid species and the distribution and diversity of Laetmogonidae134

Table 2. Estimates of p-distance of the COI gene amongst Laetmogone species with available molecular data.

1 2 3 4
1 L. wyvillethomsoni group 1 0%–0.77%
2 L. wyvillethomsoni group 2 5.41%–6.26% 0.15%–2.18%
3 L. cf. wyvillethomsoni 4.92%–5.40% 3.38%–4.73% 0%–0.80%
4 L. multiradiolus sp. nov. 5.75%–6.09% 3.39%–4.11% 4.37%–4.48% -
Intraspecific distance in bold. – means no data.

Figure 6. Laetmogone cf. wyvillethomsoni Théel, 1879 IDSSE-EEB-HS48 and IDSSE-EEB-HS49. A, B. Dorsal and ventral view 
(IDSSE-EEB-HS48); C, D. Dorsal and ventral view (IDSSE-EEB-HS49); E. In situ image. Scale bars: 5 cm (A–D); 10 cm (E).

Figure 7. Bayesian Inference (BI) and Maximum Likelihood (ML) phylogenetic analysis, based on COI among species of the fam-
ily Laetmogonidae. A. ML tree, with bootstrap (BS) replications labelled; B. BI tree, with posterior probability (PP) labelled. The 
bold-annotated branches of the ML and BI trees represent the differences in their topologies. Red font: the new sequences provided 
in this study. BS values < 50 and PP values < 0.5 are not displayed.
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Key to the species of Laetmogone (Adapted from Hansen 1975)

1	 Tube feet placed on the edge of  a brim which surrounds the whole body. Tentacles 17. Wheels belonging to a single type, 

with a lower size limit of  0.08 mm; central rays 4 (occasionally 5); spokes 8–12 (15)................................ L. interjacens

–	 Brim absent. Tentacles 15. Wheels belonging to one or two types; lower size limit 0.04–0.05 mm............................... 2

2	 Papillae conspicuous. Wheels belonging to one or two types....................................................................................... 3

–	 Papillae extremely small. Wheels indistinctly differentiated into two types................................................................... 9

3	 Wheels belonging to two distinct types, one with a central primary cross and rarely exceeding 0.05 mm in diameter, the 

other with six central rays and always larger than 0.05 mm........................................................................................ 4

–	 Wheels not belonging to two distinct types. Central rays 4–5; spokes 8–18 (20), in the main inversely correlated to the 

size of  the wheels.................................................................................................................................................... 10

4	 Tube feet bulky, narrowing towards the tip.................................................................................................................. 5

–	 Tube feet crowded, very slender from base to tip, the diameter of  the sucking-discs equal to that of  the tube feet....... 7

5	 Rosette-shaped deposits present..................................................................................................................L. maculata

–	 Rosette shaped deposits absent................................................................................................................................. 6

6	 Tube feet 15 pairs.................................................................................................................................... L. pervipedata

–	 Tube feet 22–25 pairs........................................................................................................................................L. ijimai

7	 Large wheels have five central rays...................................................................................................................L. billetti

–	 Large wheels have six central rays.............................................................................................................................. 8

8	 Large type of  wheel with about nine spokes.................................................................................................. L. fimbriata

–	 Large type of  wheel with about 12 spokes..................................................................................................... L. biserialis

9	 The larger wheels reaching an upper size limit of  0.3 mm in diameter........................................................L. scotoeides

–	 Wheels with a diameter of  no more than 0.18 mm.........................................................................................L. perplexa

10	 Cross-shaped deposits present...................................................................................................................... L. violacea

–	 Cross-shaped deposits absent.................................................................................................................................. 11

11	 Tube feet arranged without interspaces, 45–53 pairs.........................................................................................L. theeli

–	 Tube feet arranged with interspaces, no more than 33 pairs...................................................................................... 12

12	 Tube feet 15–33 pairs. Tentacles 15................................................................................................... L. wyvillethomsoni

–	 Tube feet 12 pairs. Tentacles 17................................................................................................. L. multiradiolus sp. nov.

Phylogenetic analyses

Phylogenetic analyses of the family Laetmogonidae 
were performed, based solely on the COI gene (Fig. 7) 
because sequences of other gene fragments (16S, 12S, 
H3, 18S, 28S) were insufficient to analyse them. Three 
COI sequences of the two species (Laetmogone multi-
radiolus sp. nov. and L. cf. wyvillethomsoni.) were de-
posited into GenBank (Suppl. material 1). The ML and 
BI trees were reconstructed to determine the taxonomic 
status of L. multiradiolus sp. nov. using the available COI 
sequences from the present study and GenBank (Suppl. 
material 1). In general, the ML and BI tree topologies 
were similar (Fig. 7), with the exception that the nest-
ed relationship between Pannychia species was slightly 
different. The phylogenetic relationships of Laetmogoni-
dae were consistent with the results of the morphologi-
cal classification. The species in the genera Laetmogone 
(BS = 100, PP = 1), Pannychia Théel, 1882 (BS = 100, 
PP = 1) and Psychronaetes Pawson, 1983 (BS = 99, 
PP = 1) formed monophyletic clades with high support 
in both the BI and ML trees. Benthogone abstrusa (Slu-
iter, 1901) was supported as a sister taxon to Pannychia 
species (BS = 76, PP = 0.79) and it was the only species 
in the genus Benthogone Koehler, 1895. The Laetmogone 
species were separated into two clades, Clade 1: the new 
species Laetmogone multiradiolus sp. nov. formed an 
independent clade; Clade 2: Laetmogone wyvillethom-

soni and L. cf. wyvillethomsoni formed another clade. 
Clade 2 was divided into two subclades: (1) Laetmogone 
wyvillethomsoni group 1 clustered with L. cf. wyvil-
lethomsoni with low support (BS = 70, PP = 0.71); (2) 
Laetmogone wyvillethomsoni group 2 formed another in-
dependent subclade.

Discussion
Generic assignment and species delineation

Both morphology and molecular phylogenetic analyses 
confirmed that the new species belonged to the genus 
Laetmogone. The COI marker has been used frequently 
to identify many echinoderm species (Hebert et al. 2003; 
Ward et al. 2008; Layton et al. 2016) and to successfully 
delimit species of holothuroids (Uthicke et al. 2010; Son-
et et al. 2022). In the present study, the genetic distance 
analysis of COI also indicated its role in delimiting spe-
cies of Laetmogone.

The genetic divergences of the COI gene in Laet-
mogone were calculated using the Kimura 2 parame-
ter (K2P) distance method (Table 2). O’Loughlin et al. 
(2011) defined species complexes as clades with the 
same morphospecific identification of their members or 
with different identifications, but within a 5% K2P dis-
tance in COI. In the phylogenetic trees of this study, the 
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Laetmogone wyvillethomsoni complex from the Ross 
Sea and Marie Byrd seamounts showed two clades, as 
reported by O’Loughlin et al. (2011), who distinguished 
two genetic clades by depth (from 1620–1990 m com-
pared with 2281–3485 m) (Fig. 7). We divided the Laet-
mogone wyvillethomsoni complex into two groups: group 
1 and group 2.

The genetic distances amongst specimens in group 
1 were very low (0%–0.77%, Table 2) and the distanc-
es amongst specimens in group 2 were 0.15%–2.18%. 
In general, taxonomic units with sequence differences 
of 2%–5% constituted a ‘grey area’ where cryptic spe-
cies may have been present or where specimens from 
different geographic locations may have represented 
different species. The taxonomic units with differenc-
es < 2% most likely belonged to the same species, but 
taxonomic units with differences > 5% almost certainly 
indicated different species (Uthicke et al. 2010). There-
fore, all specimens in group 1 belonged to the same spe-
cies due to the very low genetic distance between them 
(0%–0.77%, Table 2). The distances between group 1 
and group 2 were 5.41%–6.26% (Table 2), which sug-
gested that the L. wyvillethomsoni complex (group 1 and 
group 2) comprised at least two different species. Based 
on the results of the phylogenetic analyses (Fig. 7) and 
the genetic distances amongst all the specimens in group 
2, which were 0.15%–2.18% (Table 2), we inferred that 
all the specimens in group 2 belonged to the same species 
or to several cryptic species. The exact number of species 
contained in group 2 requires morphological examination 
and species identification of these specimens. Therefore, 
the genetic distances between the Laetmogone wyvil-
lethomsoni complex were not included in our genetic 
distance analysis of the genus Laetmogone. In our study, 
the intraspecific distances ranged from 0%–0.8% (Table 
2) and the interspecific genetic distances in Laetmogone 
ranged from 3.38%–6.26%.

Laetmogone multiradiolus sp. nov. could be differen-
tiated from other congeners by 12 pairs of tube feet, a 
single type of wheel, 4–5 central rays and 8–17 spokes. 
The separations were confirmed by the p-distance anal-
yses, which showed that the genetic distances between 
Laetmogone multiradiolus sp. nov. and other available 
congeners were 3.39%–6.09%, which was consistent 
with interspecific genetic distances (3.38%–6.26%) in 
Laetmogone, but higher than the intraspecific variation of 
Laetmogone species (0%–0.8%) in this study. To eluci-
date the inter- and intraspecific genetic distances in La-
etmogone species more accurately, it will be necessary to 
obtain molecular data from more specimens.

Geographic distribution and diversity of 
laetmogonid species

The family Laetmogonidae is widely distributed in the 
deep sea. The genus Laetmogone is the largest of the six 
genera, with a total of 13 species, including the newly-de-

scribed species. Laetmogone species are distributed main-
ly in the Pacific and Atlantic Oceans (Fig. 8A), at depths 
that range from 130–4410 m (Hansen 1975; Massin 1987; 
Thandar 1998; Rogacheva et al. 2013). The Pacific Ocean 
has, by far, the highest diversity of Laetmogone species 
(Fig. 8). Except for L. perplexa, which is found only in 
the Atlantic Ocean (Cape Peninsula), all other species of 
Laetmogone were discovered in the Pacific Ocean (Fig. 
8). Three species of Laetmogone occur in the South Pacif-
ic: L. fimbriata (Tasman Sea, New Zealand and Australia, 
depth 360–705 m), L. violacea (Australia and New Zea-
land, depth 271–1700 m) and L. wyvillethomsoni (New 
Zealand, depth 837–1320 m; the Kermadec Trench, depth 
4410 m). The discovery of the new species is the fourth 
Laetmogone species in the South Pacific Ocean and 
the second Laetmogone species found in the Kermadec 
Trench region. Most Laetmogone species are distributed 
in the lower bathyal to abyssal zone and the only spec-
imen distributed deeper than 3000 m was found in the 
Kermadec Trench sampling site (Hansen 1975), which 
was at a depth of 4410 m. The new species, Laetmogone 
multiradiolus sp. nov. was collected from the deepest 
record for this genus (depth 5735 m) and its discovery 
broadens our understanding of the distribution of laet-
mogonid holothuroids at various depths.

Compared with the large number of species contained 
in the genus Laetmogone, there are only six species in 
Pannychia Théel, 1882, three species in Benthogone Koe-
hler, 1895 and only one species in each of the following 
genera: Apodogaster Walsh, 1891, Gebrukothuria Ro-
gacheva & Cross, 2009 and Psychronaetes Pawson, 1983 
(Fig. 8). In the genus Pannychia, only Pannychia taylo-
rae O’Loughlin in O’Loughlin et al. 2013 occurs in the 
South Indian Ocean, while the other Pannychia species 
are widely distributed in the Pacific Ocean and four spe-
cies are found only in the North Pacific Ocean (Fig. 8B). 
In the genus Benthogone, B. fragilis (Koehler & Vaney, 
1905) is found only in the Indian Ocean, B. rosea Koehler, 
1895 is distributed widely in the North Atlantic, but also 
in the South Pacific and the Indian Ocean and B. abstrusa 
is distributed in the Indian Ocean and the South Pacific 
(Fig. 8C). In the other three genera, Apodogaster alcocki 
Walsh, 1891 and Gebrukothuria profundus Rogacheva & 
Cross, 2009 are distributed in the Indian Ocean and Psy-
chronaetes hanseni Pawson, 1983 is distributed mainly in 
the eastern Pacific Ocean (Fig. 8D–F).

Overall, the family Laetmogonidae is very diverse and 
widely distributed in the Pacific Ocean. Since many ar-
eas of the Pacific, including numerous seamounts, have 
not yet been systematically explored, many more species 
remain to be discovered. Further investigations should 
be carried out to provide more additional supporting in-
formation (e.g. morphological descriptions, geographic 
distribution and water depth). In addition, molecular data 
for the family Laetmogonidae are scarce. Although the 
genus Laetmogone currently contains 13 species, mo-
lecular data are currently available for only two species 
(including the new species described in this study), due 
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to the fact that around 70% of Laetmogone species were 
described, based on a single or few specimens collect-
ed before 1907. It is necessary to collect more molecular 
data of Laetmogonidae specimens from different regions 
and depths to conduct more comprehensive biogeograph-
ical analyses and to better understand the relationship 
amongst laetmogonid species. For this, molecular studies 
could also incorporate additional molecular markers for 
species delimitation.
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Koehler, 1895; D. Apodogaster Walsh, 1891; E. Gebrukothuria Rogacheva & Cross, 2009; F. Psychronaetes Pawson, 1983. Species 
are represented by different colours.



zse.pensoft.net

Xiao, Y.L. et al.: A new laetmogonid species and the distribution and diversity of Laetmogonidae138

Acknowledgements
Many thanks to the crew of the vessels ‘Tansuo 1’, ‘Tan-
suo 2’ and the HOV teams of ‘Fendouzhe’ and ‘Shenhai-
yongshi’ for their assistance. We appreciate the scientists 
from IDSSE and NIWA for their help in collecting these 
holothuroid specimens from the Kermadec Trench and 
the South China Sea and for taking photographs of fresh 
specimens before fixation. We thank the Prof. Xiaotong 
Peng group for providing the gold spraying service and 
the Prof. Shenghua Mei group for electron microscope 
support. We are grateful to Dr. Ashley Rowden and Dr. 
Daniel Leduc and to Ms. Caroline Chin from NIWA for 
their constructive comments on the manuscript.

References

Bribiesca-Contreras G, Dahlgren TG, Amon DJ, Cairns S, Drennan R, 
Durden JM, Eléaume MP, Hosie AM, Kremenetskaia A, McQuaid 
K, O’Hara TD, Rabone M, Simon-Lledó E, Smith CR, Watling L, 
Wiklund H, Glover AG (2022) Benthic megafauna of the western 
Clarion-Clipperton Zone, Pacific Ocean. ZooKeys 2022: 1–110. 
https://doi.org/10.3897/zookeys.1113.82172

Clark HL (1913) Echinoderms from Lower California, with descrip-
tions of new species. Bulletin of the American Museum of Natural 
History 32: 185–236. https://doi.org/10.5962/bhl.title.1734

Ekman S (1926) Systematisch-phylogenetische Studien über Elas-
ipoden und Aspidochiroten. Zoologische Jahrbücher [Abteilung Al-
gemeine Zoologie Physiologie Tiere] 47(4): 429–540.

Fisher WK (1907) The holothurians of the Hawaiian Islands. Proceed-
ings of the United States National Museum 32: 637–744. https://doi.
org/10.5479/si.00963801.32-1555.637

Gebruk AV (1990) Deep-sea holothurians of the family Elpidiidae. Nau-
ka Moscow, 160 pp. [in Russian]

Gebruk AV (2008) Holothurians (Holothuroidea, Echinodermata) of the 
northern Mid-Atlantic Ridge collected by the G.O. Sars MAR-ECO 
expedition with descriptions of four new species. Marine Biology 
Research 4: 48–60. https://doi.org/10.1080/17451000701842898

Hansen B (1975) Scientific results of the Danish Deep-Sea Expedition 
Round the World 1950–52. Systematics and biology of the deep-sea 
holothurians. Part 1: Elasipoda. Galathea Report 13: 1–262.

Hebert PDN, Ratnasingham S, de Waard JR (2003) Barcoding animal 
life: Cytochrome c oxidase subunit 1 divergences among closely re-
lated species. Proceedings of the Royal Society (B: Biological Sci-
ences) 270: S96–S99. https://doi.org/10.1098/rsbl.2003.0025

Iken K, Brey T, Wand U, Voigt J, Junghans P (2001) Food web struc-
ture of the benthic community at the Porcupine Abyssal Plain (NE 
Atlantic): A stable isotope analysis. Progress in Oceanography 50: 
383–405. https://doi.org/10.1016/S0079-6611(01)00062-3

Jamieson AJ, Gebruk A, Fujii T, Solan M (2011) Functional effects of the 
hadal sea cucumber Elpidia atakama (Echinodermata: Holothuroidea, 
Elasipodida) reflect small-scale patterns of resource availability. Marine 
Biology 158: 2695–2703. https://doi.org/10.1007/s00227-011-1767-7

Katoh K, Standley D (2013) Katoh K, Standley DM. MAFFT Multiple 
Sequence Alignment Software Version 7: Improvements in perfor-
mance and usability. Molecular biology and evolution 30: 772–780. 
https://doi.org/10.1093/molbev/mst010

Koehler R (1895) Dragages profonds exécutés à bord du «Caudan» dans 
le golfe de Gascogne (Août-Septembre 1895). — Rapport prélimi-
naire sur les Échinodermes. Revue Biologique du Nord de la France 
7: 439–496.

Koehler R, Vaney C (1905) An Account of the Deep-Sea Holothuri-
oidea Collected by the Royal Indian Marine Survey Ship Investiga-
tor. The Indian Museum, Calcutta, 123 pp. https://doi.org/10.5962/
bhl.title.1730

Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X: 
Molecular Evolutionary Genetics Analysis across Computing Plat-
forms. Molecular Biology and Evolution 35(6): 1547–1549. https://
doi.org/10.1093/molbev/msy096

Lam-Tung N, Schmidt HA, Arndt VH, Quang MB (2015) IQ-TREE: 
A Fast and Effective Stochastic Algorithm for Estimating Maxi-
mum-Likelihood Phylogenies. Molecular Biology and Evolution 
31(1): 268–274. https://doi.org/10.1093/molbev/msu300

Lanfear R, Frandsen PB, Wright AM, Senfeld T, Calcott B (2017) Par-
titionFinder 2: New Methods for Selecting Partitioned Models of 
Evolution for Molecular and Morphological Phylogenetic Anal-
yses. Molecular Biology and Evolution 34: 772–773. https://doi.
org/10.1093/molbev/msw260

Layton KKS, Corstorphine EA, Hebert PDN (2016) Exploring canadian 
echinoderm diversity through DNA barcodes. PLoS ONE 11: 1–16. 
https://doi.org/10.1371/journal.pone.0166118

Ludwig H (1893) Vorläufiger Bericht über die erbeuteten Holothurien. 
In: Reports on the Dredging Operations off the West Coast of Cen-
tral America to the Galapagos, etc., by the U.S. Fish Commission 
Steamer “Albatross”. IV. Bulletin of the Museum of Comparative 
Zoöology at Harvard College 24(4): 105–114.

Massin C (1987) Holothuries nouvelles et peu connues récoltées en In-
donésie au cours de la Snellius-II Expedition. Bulletin Institut Royal 
Sciences Naturelles Belgique, Biologie 57: 97–121.

Miller AK, Kerr AM, Paulay G, Reich M, Wilson NG, Carvajal JI, 
Rouse GW (2017) Molecular phylogeny of extant Holothuroidea 
(Echinodermata). Molecular Phylogenetics and Evolution 111: 110–
131. https://doi.org/10.1016/j.ympev.2017.02.014

Minh BQ, Nguyen MAT, Von Haeseler A (2013) Ultrafast Approxima-
tion for Phylogenetic Bootstrap. Molecular Biology and Evolution 
30(5): 1188–1195. https://doi.org/10.1093/molbev/mst024

Mitsukuri K (1897) On a new species of Elasipoda from Misaki, Ilyodae-
mon ijimai n. sp. Annotationes Zoologicae Japonenses 1: 133–135.

Mitsukuri K (1912) Studies on Actinopodous Holothuroidea. Journal of 
the College of Science, Imperial University of Tokyo 29(2): 1–284. 
https://doi.org/10.5962/bhl.title.37880

O’Loughlin PM, Paulay G, Davey N, Michonneau F (2011) The Ant-
arctic region as a marine biodiversity hotspot for echinoderms: Di-
versity and diversification of sea cucumbers. Deep-Sea Research 
Part II: Topical Studies in Oceanography 58: 264–275. https://doi.
org/10.1016/j.dsr2.2010.10.011

O’Loughlin PM, Mackenzie M, VandenSpiegel D (2013) New sea cu-
cumber species from the seamounts on the Southwest Indian Ocean 
Ridge (Echinodermata: Holothuroidea: Aspidochirotida, Elasipo-
dida, Dendrochirotida). Memoirs of Museum Victoria 70: 37–50. 
https://doi.org/10.24199/j.mmv.2013.70.04

Pawson DL (1983) Psychronaetes hanseni, a new genus and species of 
elasipodan sea cucumber from the eastern central Pacific (Echino-
dermata: Holothurioidea). Proceedings of the Biological Society of 
Washington 96(1): 154–159.

https://doi.org/10.3897/zookeys.1113.82172
https://doi.org/10.5962/bhl.title.1734
https://doi.org/10.5479/si.00963801.32-1555.637
https://doi.org/10.5479/si.00963801.32-1555.637
https://doi.org/10.1080/17451000701842898
https://doi.org/10.1098/rsbl.2003.0025
https://doi.org/10.1016/S0079-6611(01)00062-3
https://doi.org/10.1007/s00227-011-1767-7
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.5962/bhl.title.1730
https://doi.org/10.5962/bhl.title.1730
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1093/molbev/msw260
https://doi.org/10.1093/molbev/msw260
https://doi.org/10.1371/journal.pone.0166118
https://doi.org/10.1016/j.ympev.2017.02.014
https://doi.org/10.1093/molbev/mst024
https://doi.org/10.5962/bhl.title.37880
https://doi.org/10.1016/j.dsr2.2010.10.011
https://doi.org/10.1016/j.dsr2.2010.10.011
https://doi.org/10.24199/j.mmv.2013.70.04


Zoosyst. Evol. 101 (1) 2025, 127–139

zse.pensoft.net

139

Peng X, Zhang W, Schnabel K, Leduc D, Xu H, Zhang H, Zhang H, Row-
den A (2023) Unveiling the mysteries of the Kermadec Trench. The 
Innovation 4: 100367. https://doi.org/10.1016/j.xinn.2022.100367

Perrier E (1886) Les explorations sous-marines. Librairie Hachette et 
Cie, Paris, 352 pp.

Petit L (1885) Sur une nouvelle espèce d’Holothurie, le Laetmogone 
jourdainii. Bulletin de la Société Philomathique de Paris 9: 9–11.

Rambaut A (2018) FigTree v1.4.4, a graphical viewer of phylogenetic 
trees. University of Edinburgh: Institute of Evolutionary Biology.

Reich M (2012) On Mesozoic laetmogonid sea cucumbers (Echino-
dermata: Holothuroidea: Elasipodida). Zoosymposia 7: 185–212. 
https://doi.org/10.11646/zoosymposia.7.1.18

Rogacheva A, Gebruk A, Alt CHS (2013) Holothuroidea of the Char-
lie Gibbs Fracture Zone area, northern Mid-Atlantic Ridge. Marine 
Biology Research 9: 587–623. https://doi.org/10.1080/17451000.2
012.750428

Ronquist F, Teslenko M, van der Mark P, Ayres DL, Darling A, Höhna S, 
Larget B, Liu L, Suchard MAHJ, Huelsenbeck JP (2012) MrBayes 
3.2. Systematic Biology 61(3): 539–542. https://doi.org/10.1093/
sysbio/sys029

Sluiter CP (1901) Neue Holothurien aus der Tief-See des Indischen Ar-
chipels, gesammelt durch die „Siboga-Expedition“. Tijdschrift der 
Nederlandsche Dierkundige Vereeniging (2de Serie) 7(1): 1–28.

Sonet G, Smitz N, Vangestel C, Samyn Y (2022) DNA barcoding echi-
noderms from the East Coast of South Africa. The challenge to 
maintain DNA data connected with taxonomy. PLoS ONE 17(1): 
e0270321. https://doi.org/10.1371/journal.pone.0270321

Thandar AS (1998) A new genus and three new species of deep-sea holo-
thuroids from the west coast of South Africa (Echinodermata). Journal 
of Zoology 244: 79–88. https://doi.org/10.1111/j.1469-7998.1998.
tb00009.x

Théel H (1879) Preliminary Report on the Holothuridae of the Explor-
ing Voyage of H.M.S. “Challenger” under Professor Sir C. Wyville 
Thomson. Part I. Bihang till Kongliga Svenska Vetenskaps-Akade-
miens handlingar 5(19): 1–20.

Théel H (1882) Report on the Holothurioidea dredged by the H.M.S. 
Challenger, during the years 1873–1876. Part I. In: Report on the 
Scientific Results of the Voyage of H.M.S. Challenger during the 
Years 1873–76. Zoology 4: 13.

Uthicke S, Byrne M, Conand C (2010) Genetic barcoding of commer-
cial Bêche-de-mer species (Echinodermata: Holothuroidea). Mo-

lecular Ecology Resources 10: 634–646. https://doi.org/10.1111/
j.1755-0998.2009.02826.x

Walsh JHT (1891) List of deep-sea holothurians collected during sea-
sons 1887 to 1891, with description of new species. Natural History 
Notes from HM. Indian Survey Steamer INVESTIGATOR, Com-
mander RF. Hoskyn, RN. commanding. No. 24. Journal of the Asi-
atic Society of Bengal 60: 197–204.

Ward RD, Holmes BH, O’Hara TD (2008) DNA barcoding discrimi-
nates echinoderm species. Molecular Ecology Resources 8: 1202–
1211. https://doi.org/10.1111/j.1755-0998.2008.02332.x

Wessel P, Smith W (1995) The generic mapping tools (GMT) version 
3.0. Technical Reference and Cookbook.

WoRMS (2024) Laetmogone Théel, 1879. https://www.marinespecies.
org/aphia.php?p=taxdetails&id=123524 on 2024-05-21

Xiao Y, Zhang H (2024) Morphological and molecular evidence reveals 
a new species of the genus Laetmogone (Holothuroidea, Elasipodi-
da, Laetmogonidae) from the abyssal plain adjacent to the Kermadec 
Trench. https://doi.org/10.57760/sciencedb.10383

Supplementary material 1
Species and COI sequences used to 
reconstruct molecular phylogenetic trees 
with GenBank numbers and sources

Authors: Yun-Lu Xiao, Haibin Zhang
Data type: docx
Explanation note: GenBank numbers and sources of COI 

sequences of species in the family Laetmogonidae, to 
reconstruct molecular phylogenetic trees.

Copyright notice: This dataset is made available under 
the Open Database License (http://opendatacom-
mons.org/licenses/odbl/1.0/). The Open Database 
License (ODbL) is a license agreement intended 
to allow users to freely share, modify, and use this 
Dataset while maintaining this same freedom for oth-
ers, provided that the original source and author(s) 
are credited.

Link: https://doi.org/10.3897/zse.101.135131.suppl1

https://doi.org/10.1016/j.xinn.2022.100367
https://doi.org/10.11646/zoosymposia.7.1.18
https://doi.org/10.1080/17451000.2012.750428
https://doi.org/10.1080/17451000.2012.750428
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1371/journal.pone.0270321
https://doi.org/10.1111/j.1469-7998.1998.tb00009.x
https://doi.org/10.1111/j.1469-7998.1998.tb00009.x
https://doi.org/10.1111/j.1755-0998.2009.02826.x
https://doi.org/10.1111/j.1755-0998.2009.02826.x
https://doi.org/10.1111/j.1755-0998.2008.02332.x
https://www.marinespecies.org/aphia.php?p=taxdetails&id=123524
https://www.marinespecies.org/aphia.php?p=taxdetails&id=123524
https://doi.org/10.57760/sciencedb.10383
http://opendatacommons.org/licenses/odbl/1.0/
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/zse.101.135131.suppl1

	Morphological and molecular evidence reveals a new species of Laetmogone (Holothuroidea, Elasipodida) from abyssal depths of the south Pacific Ocean
	Abstract
	Introduction
	Materials and methods
	Sample collection
	Morphological observation
	DNA extraction and sequencing
	Barcoarding and phylogenetic analyses
	Distribution and species diversity of Laetmogonidae

	Results
	Systematics
	Genus Laetmogone Théel, 1882
	Laetmogone multiradiolus sp. nov.
	Laetmogone cf. wyvillethomsoni Théel, 1879
	Key to the species of Laetmogone (Adapted from Hansen 1975)
	Phylogenetic analyses

	Discussion
	Generic assignment and species delineation
	Geographic distribution and diversity of laetmogonid species

	Funding
	Competing interests
	Author contributions
	Acknowledgements
	References
	Supplementary material 1
	Species and COI sequences used to reconstruct molecular phylogenetic trees with GenBank numbers and sources


