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ARTICLE INFO ABSTRACT

Handling Editor: Prof. J Aristegui Species of the marine nematode of the genus Desmodora have been found to dominate (up to 78%) in the
nematode fauna from the hydrothermal vent communities of submarine Piip volcano, Bering Sea. The
morphological characteristics and molecular genetic data of Desmodora specimens from different habitats of the
volcano were studied and three new and one known species have been described: Desmodora hydrothermica sp.
nov., Desmodora marci, Desmodora spongiophila sp.nov., Desmodora spongiocola sp.nov. The species often lived
together, but a pronounced spatial specialization was observed. Desmodora spongiophila sp.nov. and Desmodora
spongiocola sp.nov. were abundant inhabitants of the vulcanellids and some hexactenellids. Desmodora hydro-
thermica sp.nov. dominated in microbial mats on the carbonate chimneys from the South Summit, while Des-
modora marci was found on stones near vents and in bottom sediments with Calyptogena pacifica (Bivalvia:
Vesicomyidae). The last two species were already known in deep-sea reduced environments of the Pacific and
Atlantic oceans, in similar habitats. The §'3C and §'°N values and fatty acids composition of Desmodora samples
from hydrothermal habitats confirmed the consumption of chemosynthetically derived organic matter. SSU and
D2-D3 of LSU phylogenetic trees largely agree with those of previous analyses indicating that Desmodora is not
monophyletic. Moreover, phylogenetic relationships within the subfamily Desmodorinae remained unresolved.
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1. Introduction

Currently, there is an increasing interest in the study of benthic an-
imals inhabiting deep-sea reducing environments such as hydrothermal
vents and methane seeps. Such environments are widespread in the
World Ocean and their study allows us to expand our understanding of
the formation, composition, structure, functioning of marine ecosys-
tems, in particular, in extreme habitat conditions. (Danovaro et al.,
2017; Dodd et al., 2017; German et al., 2011; Levin et al., 2016; Nisbet
and Sleep, 2001). The usual inhabitants of such communities are
free-living nematodes, often characterized here by a very high abun-
dance (Zeppilli and Leduc, 2018). It has been shown that nematodes are
actively involved in the transformation of organic matter of chemo-
synthetic origin (Van Gaever et al., 2009; Van Campenhout and Van-
reusel, 2016). However, the quantitative assessment of the role of
nematodes in the fluxes of matter and energy is still complicated by the
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paucity of data on their trophic ecology.

Studies of the taxonomic composition of meiofauna associated with
deep-sea chemosynthetic environments in the Pacific ocean are confined
mainly to a small number of areas, in particular, East Pacific Rise (for
example, Dinet et al., 1988; Flint et al., 2006; Zekely et al., 2006a,c;
Copley et al., 2007; Gollner et al., 2013, 2015a, b, 2020), Lau Basin
(Decraemer and Gourbault 1997; Verschelde et al., 1998; Diaz-Recio
Lorenzo et al., 2021), Izu-Ogasawara Arc (Uejima et al., 2017; Seno-
kuchi et al., 2018; Nomaki et al., 2019; Nakasugi et al., 2021). Studies of
the deep-sea meiofauna of hydrothermal vents and cold seeps in the
North-Western Pacific are very scarce (Shirayama, 1992; Shirayama and
Ohta, 1990; Setoguchi et al., 2014; Nakasugi et al., 2021; Watanabe
et al., 2021) and none provides information about the species compo-
sition of the nematofauna, the trophic relationships of nematodes, and
the features of their distribution.

In general, data on the species composition of nematofauna from
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Fig. 1. Map showing the study station locations. 1 — North slope; 2 -North summit; 3-12 - South summit.

communities of the Pacific hydrotherms are limited to descriptions of a
few dominant species: Dinetia nycterobia from the East Pacific Rise and
Cephalochaetosoma pacificum notium from Lau-Fidji Bassin (Decraemer
and Gourbault, 1997); Halomonhystera fisheri and H. hickei from East
Pacific Rise (Zekely et al., 2006b); Linhomoeus caudipapillosus and Neo-
chromadora aff. poecilosoma - East Pacific Rise (Gollner et al., 2013);
Desmodora alberti, Desmodorella balteata, Desmodorella spineacaudata —
East Pacific Rise, Desmodora marci — Lau Basin (Verschelde et al., 1998).

Analysis of available data on spatial distribution free-living nema-
todes associated with chemosynthetic environments in the deep sea,
showed a high taxonomic similarity of communities (at the level of
genera) in the fields of fluid emissions and adjacent areas, there is no
unique affinity of particular nematode taxa with seeps or vents (Van-
reusel et al., 2010).

However, the lack of detailed information on the nematofauna of
deep-sea hydrotherms does not allow generalizations about the
uniqueness of the fauna and patterns of distribution at the species level.
A number of species show obvious confinement to the hydrotherms and
seeps. In particular, Desmodora marci, in addition to the hydrothermal
vents in the Lau Basin in the South-West Pacific, was found on carbonate
rocks and sulphide-oxidizing bacterial mats at Hydrate Ridge methane
seeps (off the coast of Oregon, North-East Pacific) (Sapir et al., 2014)
and in hydrothermal sites of the North Mid-Atlantic Ridge (Tchesunov,
2015).

During the 75th (2016) and 82nd (2018) cruises of the RV Akademik
M.A. Lavrentyev (Galkin and Ivin, 2019; Galkin et al., 2019) samples
were taken for the first time for the study of nematofauna from hydro-
thermal sites of submarine Piip Volcano (the southwestern Bering Sea) —
the northernmost hydrothermal region in the Pacific. Preliminary
studies have revealed a significant diversity and abundance of desmo-
dorid nematodes, their relative abundance reached 78% in some
habitats.

The aims of the present contribution are taxonomic descriptions of
Desmodora species from hydrothermal sites of submarine Piip Volcano,
studying the features of their distribution and trophic ecology.

2. Material and methods
2.1. Study area and sampling

A total of 25 samples were collected in 2016 and 2018 at the summits
of Piip submarine volcano (the Volcanologists Massif, Bering Sea) during
the 75th and 82nd research cruises aboard the R/V Akademik Lavrentiey.
The Piip Volcano constitutes the central part of the Volcanologists Massif
situated between the Alpha Ridge and the Bering Fracture Zone in the
southern part of the Komandorsky Basin (Baranov et al., 1991, 2021).
Hydrothermal vents were found on the Northern and Southern summits
of the volcano, the distance between summits is about 4 km (Baranov
et al., 2021). Most of the hydrothermal manifestations were confined to
the depths from ~368 to 421 m and from ~464 to 495 m on the
Northern and Southern summits, respectively. For more detailed infor-
mation on the environmental parameters and communities see Seliver-
stov (2009), Galkin et al. (2019), Polonik (2018), and Rybakova et al.
(2023).

The samples were collected using ROV Comanche-18 (Sub-Atlantic,
UK) by the mechanical arm or nets with a metal square frame (15 x 15
cm) equipped with a double bag (Figs. 1 and 2; Table 1). Photo and video
footage were collected during the ROV dives. On deck, about 1 L of the
bottom sediment from the net was carefully sieved through 1000, 500
and 32 pm mesh sizes. The hydrothermal chimneys were gently rinsed
with cold filtered seawater and the bacterial mats were brushed off with
a soft brush and then washout was bolted through 32 pm mesh sizes. The
sponges were kept for several hours in chilled filtered sea water, then
rinsed five times and washout was bolted through 32 pm mesh sizes. In
all cases one-third of the sample was fixed with 4% buffered formalde-
hyde, one-third was fixed with DESS (solution of 0.25 M disodium EDTA
and 20% dimethyl sulphoxide (DMSO), saturated with NaCl, pH 8.0)
and then was stored in the laboratory at 4 °C, and one-third of the
sample was frozen (—20 °C). Additional samples of bacterial mats and
bottom sediments were oven-dried at 60 °C for 48 h and stored in the
desiccator for stable isotopes analyses.
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Fig. 2. Studied habitats. A — station 2, anhydrite structures, the arrow indicates the sampling site; B — station 7, outside hydrothermal fields; C - station 3, Vulcanella;
D - station 4, stones in the vicinity of the vent; E — station 6, bottom sediments with Calyptogena pacifica; F - station 9, hydrothermal chimney.

2.2. Microscopy

In the laboratory, fixed samples were sorted using stereomicro-
scopes. For the optical microscopy 150 individuals of nematodes were
picked out and transferred to glycerine using the Seinhorst’s (1959)
rapid method as modified by De Grisse (1969) and mounted on per-
manent slides. Drawings and DIC (differential interference contrast)
photographs were made on an optical microscope Olympus BX 53 with
the aid of a drawing tube and a digital camera respectively.

For the scanning electron microscopy, specimens were gradually
dehydrated in a series of baths of increasing ethanol content, dried in a
critical-point dryer, sputter-coated with gold and observed and imaged
with a Zeiss Sigma 300 VP scanning electron microscope (SEM).

The type material is deposited at MIMB, the Museum of the A.V.
Zhirmunsky National Scientific Center of Marine Biology FEB RAS
(NSCMB FEB RAS), formerly Institute of Marine Biology FEB RAS, Vla-
divostok, Russia.

Abbreviations related to measurements presented in the descriptions
are.

a — body length divided by maximum body diameter;
b — body length divided by esophageal length;

¢’ — tail length divided by cloacal/anal body width;

¢ — body length divided by tail length;

cbd. — corresponding body diameter;

L - body length, (pm);
V (%) - distance of vulva from the anterior end as a percentage of
body length, (%).

2.3. Molecular analyses

For molecular analyses, specimens of Desmodora were picked out
from the DESS samples under a stereoscopic microscope, mounted on
temporary slides with sterile distilled water and observed at different
magnifications using a light microscope (Olympus BX 53) with differ-
ential interference contrast, and equipped with a digital camera. Spec-
imens were identified and photographed (the entire habitus, head, mid-
body, and tail region). After the photo-vouchering, total DNA was
extracted from the whole body of adult nematodes using the Qiagen
DNeasy extraction kit according to the protocol. Fragments of the short
and long subunits of nuclear ribosomal DNA were PCR amplified. For
18S rDNA, we used the primer set SSU_F_03 (f): 5-GCT TGT CTC AAA
GAT TAA GCC ATG C-3’ (Blaxter et al., 1998) and SSU_R_81 (r): 5'-GTA
TCT GAT CGC CKT CGA WC-3’ (Blaxter et al., 1998) which amplifies a
fragment of ca 1800 bp. We use additional primers to sequence 18S
rDNA amplicons: SSU_F_24_1 (f): 5-AGA GGT GAA ATT CTT GGA TC-3’
(Meldal et al., 2007) and MN18R (r) 5'- GGG CGG TAT CTG ATC GCC-3’
(Floyd et al., 2005). The D2-D3 region of the 28S ribosomal DNA region
was amplified using the primers D2a (f): 5'-ACA AGT ACC GTG AGG
GAA AGT TG-3' and D3b (r): 5-TCG GAA GGA ACC AGC TAC TA-3’
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Table 1
Study site and sampling details.
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N Depth Date dd/mm/yy Latitude  Longitude  Area Habitat Collecting Desmodora species
[m] tool
1 783 19.06.2016 55.425 167.275 North Hexactinellida Mechanical D. spongiophila sp.nov.
slope arm
2 395 13.06.2016 55.416 167.276 North Anhydrite structures Net D. spongiophila sp.nov.
Summit
3 472 23.06.2016 55.383 167.261 South Demospongiae: Vulcanella Mechanical D. spongiophila sp.nov.
Summit arm
4 466 26.06.2016 55.382 167.261 South Stones in the vicinity of the vent Mechanical D. hydrothermica sp.nov., D. marci,
Summit arm D. spongiophila sp.nov., D. spongiocola sp.
nov.
5 468 26.06.2016 55.382 167.261 South Hydrothermal chimney Mechanical D. hydrothermica sp.nov.
Summit arm
6 469 26.06.2016, 55.382 167.262 South Bottom sediments with Net D. hydrothermica sp.nov., D. marci,
17.06.2018 Summit Calyptogena pacifica (sand, gravel) D. spongiocola sp.nov.
7 470 17.06.2018 55.382 167.261 South Bottom sediments outside Net Desmodora species not found
Summit hydrothermal fields (sand, gravel
8 468 26.06.2016 55.382 167.262 South Demospongiae: Vulcanella Mechanical D. spongiophila sp.nov., . spongiocola sp.nov.
Summit arm
9 452 26.06.2016 55.382 167.261 South Hydrothermal chimney Mechanical D. hydrothermica sp.nov.
Summit arm
10 382 13.06.2018 55.416 167.276 North Demospongiae: Poecillastra Mechanical D. spongiophila sp.nov.
Summit arm
11 469 14.06.2018 55.382 167.261 South Demospongiae: Vulcanella Mechanical D. spongiocola sp.nov.
Summit arm
12 458 17.06.2018 55.382 167.261 South Hydrothermal chimney Mechanical D. hydrothermica sp.nov.
Summit arm

Fig. 3. Desmodora hydrothermica sp. nov. Male. A. General view. B. Cephalic region. C. Tail. Scale bars: A — 100 pym, B — 10 pm, C — 50 pm.
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Fig. 4. Desmodora hydrothermica sp. nov. Female. A. General view. B, D. Ce-
phalic region. C. Tail. Scale bars: A. — 200 pm; B, D — 20 pm; C — 50 pm.

(Nunn, 1992). The length of the obtained amplicon was 700 bp.

PCR reactions for obtained amplicons were run in a total volume of
10 pl with 5 pl Go Taq Green Master Mix (Promega corp, Madison, WI,
USA), 0.5 pM of each primer, 3 pl nuclease-free water and 1 pl of
genomic DNA. The PCR thermal regime consisted of one cycle of 1 min
at 94 °C; 35 cycles of 30 s at 94 °C, 30 s at 56 °C and 1-2 min at 72 °C and
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a final cycle of 5 min at 72 °C. Each PCR fragment was purified using
Exonuclease I (Exol) and Thermosensitive Alkaline Phosphatase (Fas-
tAP) (Thermo Fisher Scientific Inc., USA). Sequencing reactions had a
total volume of 10 pl and included 10 pmol of each primer and reagents
of BigDye terminator v3.1 cycle kit. The sequencing amplification pro-
tocol consisted of one cycle of 1 min at 98 °C, followed by 30 cycles of
10 s at 96 °C, 5 s at 50 °C, and 4 min at 60 °C. The PCR products were
bidirectionally sequenced using the BigDye Terminator v3.1 cycle kit
and run on an ABI 3130xl (Applied Biosystems™). Sequences were
manually assembled and edited using Finch TV and MEGA 7 (Kumar
et al., 2016).

The obtained sequences were checked and aligned at the nucleotide
level using T-Coffee algorithm (Magis et al., 2014) on a MPI Bioinfor-
matics Toolkit web service (Zimmermann et al., 2018). Bayesian
phylogenetic analyses were conducted with MrBayes v. 3.2.7a (Ronquist
etal., 2012). For tree reconstruction, we used the obtained sequences, as
well as dataset from GenBank belonging to families Desmodoridae and
Monoposthiidae (order Desmodorida), with length more than 1000 bp
for 18S and 650 bp for D2-D3 region 28S rDNA. PartitionFinder 2.1.1
(Lanfear et al., 2012) was used to select the best-fit partitioning scheme
and models for each ribosomal loci using the greedy algorithm with
linked branch lengths for the corrected Akaike Information Criterion as
the optimality criterion for model selection. The best models for both
ribosomal loci were GTR + I + G. Bayesian Inference was performed
with two independent runs of Metropolis-coupled Markov chain Monte
Carlo analyses, with each run comprising one cold chain and three
heated chains at a default temperature of 0.1. The chains were run for 10
million generations and sampled every 100 generations. A burn-in of 2.5
million generations (or 25% of the sampled trees) was used. Moreover,
trace files were visually inspected in Tracer 1.7 (Rambaut et al., 2018).
RAXML v. 8.2.4 (Stamatakis, 2006) was used to conduct a maximum
likelihood (ML) and bootstrap analysis (1000 replications) using the
GTR plus G model. FigTree v. 1.4.4 was used to visualize phylogenetic
trees after analysis.

2.4. Stable isotope analysis

Each sample of washout was unfrozen, and nematodes were picked
out with a fine needle under a stereomicroscope. The specimens were
rinsed twice with distilled water to remove any adhered particles and
transferred to a drop of distilled water in 5 x 9 mm tin cups (Euro-
Vector). Tin cups containing nematodes were oven-dried at 60 °C for 24
h, sealed and stored in screw-cap glass tubes until analysis; the samples
were not acidified. Samples for analyses consisted of 6-150 individuals
(Table 4).

Oven-dried samples of bacterial mat were ground to a homogeneous
fine powder using an agate mortar and pestle, and the 0.5 mg sub-
samples were packaged into tin caps. Samples of bottom sediments were
ground with a mortar and pestle and two subsamples (each ~500 mg dry
weight) were prepared for 513C and 5'°N measurements. The sub-
samples employed for 5!3C analysis were acidified with 1M HCI drop by
drop until the effervescence ceased and was dried at 50 °C under a fume
extractor to evaporate the acid. To prevent the loss of dissolved organic
matter, acidified samples were not rinsed (Jaschinski et al., 2008).

All stable isotope analyses were performed at the Stable Isotope
Laboratory (Far Eastern Geological Institute FEB RAS, Vladivostok)
using a FlashEA 1112 elemental analyser coupled to a MAT 253 isotope
mass spectrometer (ThermoQuest, Germany) by a ConFlo IV interface.
Sample isotopic ratios were expressed in the conventional 8 notation as
parts per thousand (%o) according to the following equation:

8'3C or 8N = [(Ryample — Rytandard)/ Rstandara] X 1000

where R = 13¢/'2C or '°N/MN. The § values were expressed relative to
the international reference standards of Pee Dee Belemnite for carbon
and atmospheric Ny for nitrogen. The internal laboratory standard was
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Fig. 5. Desmodora hydrothermica sp. nov. Light microscopy, DIC. A-B. Male cephalic region. C. Tail tip. D. Anterior region of male. E. Testis. F. Female body. G. Male

tail. Scale bars: A, B, C — 10 pm; E — 100 pm; F — 200 pm; D, G — 50 pm.

measured after every sixth sample during analysis for data quality
control purposes. Based on the SD of the replicates of the laboratory
standard, the internal precision was +0.1%o for both 5'3C and 5'°N.
Significance of differences in stable isotope signatures were tested by
t-test. The analyses were performed using Past 4.09 (Hammer et al.,
2001). A statistical probability of p < 0.05 was considered significant.

2.5. Fatty acids analysis

Samples were unfrozen and specimens of Desmodora hydrothermica
sp. nov. (500 individuals for each replicate) were picked out with a fine
needle under a stereomicroscope. The specimens were rinsed twice with
distilled water to remove any adhered particles and placed in vials
containing a chloroform-methanol mixture (1:1, v/v). Sorting was
restricted to individuals of Desmodora hydrothermica sp. nov. since they
were easily recognizable under a stereomicroscope by general habitus

and body size and were available in a sufficient biomass.

Lipids were extracted from all samples using the extraction method
of Bligh and Dyer (1959). Fatty acid methyl esters (FAMEs) were pre-
pared from the total lipids according to the procedure by Carreau and
Dubacq (1978) and purified with preparative thin layer chromatography
in benzene. The 4.4-dimethyloxazoline derivatives of FAs were prepared
according to Svetashev (2011). FAMEs were analysed on a Shimadzu GC
2010 chromatograph using a fused quartz capillary (30 m x 0.25 mm)
column coated with SUPELCOWAX 10 (Supelco). FAs were identified
based on the gas chromatography-mass spectrometry data from the
FAME:s and from the 4,4-dimethyloxazoline derivatives of the FAs. Mass
spectrometry was performed on a Shimadzu GCMS QP5050A spec-
trometer using MDN 5S columns (temperature gradient from 170 °C to
290 °C at 2 °C min~! and then held for 25 min). All spectra were ob-
tained using the electron impact method at 70 eV, and the spectra were
compared with the NIST library and an online FA mass spectra archive
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Fig. 6. Desmodora hydrothermica sp. nov. Female. SEM. A. Anterior end. B. Tail tip. Scale bars: A — 10 pm, B — 20 pm.

site (LipidWeb). Each fatty acid was quantified by calculating its peak
area relative to the total peak area. These values are referred to as fatty
acid content (%) throughout the paper. Absolute concentrations of FAs
were not determined.

3. Results
3.1. Morphological analysis

Order Desmodorida De Coninck, 1965

Family Desmodoridae Filipjev, 1922

Genus Desmodora de Man (1889).

Generic diagnosis (from Leduc, 2021): Cuticle without ridges or
spines. Cephalic capsule either smooth or partly to entirely ornamented
with structures resembling pores or small vacuoles, which have been
shown by scanning electron microscopy to not be visible on the cuticle
surface; cephalic setae located either in the lip region or on main part of
head capsule. Subcephalic setae sometimes present, when present few in
number and mainly located posteriorly to amphideal fovea. Amphideal
fovea cryptospiral or multispiral, seldom loop-shaped. Buccal cavity
with large dorsal tooth and smaller subventral teeth. Pharynx with oval
or circular posterior bulb. Spicules short, arcuate, with capitulum and
velum. Precloacal supplements sometimes present, usually pore-like,
seldom consisting of cuticular swellings or flaps. Tail usually conical,
seldom conical-cylindrical.

Type species: D. communis (Butschli, 1874).

Remarks. A list of 35 valid species of the genus was provided by
Leduc and Zhao (2016b)

Desmodora hydrothermica sp. n (Figs. 3-6).

Type specimens. The male holotype, five male paratypes, and five
female paratypes (No. MIMB44533); three male paratypes and ten fe-
male paratypes (No. MIMB44532).

Type Repository. All specimens were deposited in the Museum of
the A.V. Zhirmunsky National Scientific Center of Marine Biology FEB
RAS (Vladivostok, Russia).

Locality. Bering Sea, summits of the submarine Piip volcano (55.38°
N, 167.26° E), depth 452-469 m, bottom sediments and hydrothermal
carbonate chimneys.

Etymology. The species name is given by the type habitat of the
nematode.

Measurements: See Table 2.

Description. Male. Long cylindrical body with slight reddish to
brownish colour, rounded anterior end and slender conical tail. Cuticle
coarsely annulated posterior to head capsule. Annuli without any spines.
Striations at level of beginning of intestine more regular then in the tail.
Lateral differentiation absent. Eight longitudinal rows of setae distrib-
uted symmetrically along entire body length and irregularly in caudal
region. Setae in anterior region 2 pm long, at the posterior region they
decrease to 1.5-1 pm. Body annuli slightly broader in pharyngeal region
(about 3 pm) than along the rest of the body.

Cephalic capsule consists of two parts: thin, conical, non-vacuolated
lip region (3-5 pm long) ‘separated’ with a suture from the thickly
cuticularised, rectangular main part of the cephalic capsule (12-17 pm
long) which is ornamented with numerous tiny vacuoles.

Six internal (difficult to observe) and six external labial papillae
present on extendable portion of labial region, and four cephalic setae
(5 pm long) located behind suture of cephalic capsule, anterior to
amphid. Subcephalic setae absent. Some additional short somatic (cer-
vical) setae can be present irregularly on the posterior part of cephalic
capsule. Amphids (25-34% of corresponding diameter) situated later-
ally on main cephalic region; cryptospiral (1.1 turns) amphideal fovea
located in middle of main region of cephalic capsule, amphideal fovea
slightly wider than amphideal aperture.

Buccal cavity with a poorly developed dorsal tooth, ventrosublateral
teeth not observed. Cylindrical muscular pharynx with slightly cuticu-
larised lumen and oval posterior pharyngeal bulb. Secretory-excretory
system not observed. Nerve ring slightly posterior to the middle of the
pharynx. Cardia short, trapezium-shaped.

Reproductive system monorchic with anterior outstretched testis
located ventrally to and at the left (testis tip) of the intestine. Large,
globular sperm cells (23-18 x 25-27 pm) in size. Arched spicules with
developed capitulum and broad velum. Laminar gubernaculum, without
apophysis, composed of two equal short parts (17 pm long). No special
cuticular appendages related to the male reproductive system.

Long, slender conical tail, non-annulated tail tip without perfora-
tions, 26-33 pm long. Caudal glands extending as far as the mid of the
spicules.

Female. Similar to male, but with lower values of ratio a, and slightly
smaller amphideal fovea. Reproductive system didelphic, amphidelphic
with ventrally reflected ovaries located both to the left or to the right of
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Morphometrics (minimum-maximum/mean + SD) of D. hydrothermica sp.nov., D. marci, D. spongiocola sp.nov., D. spongiophila sp.nov, Piip volcano. Measurements are

in micrometers.

Desmodora hydrothermica sp.nov. Desmodora marci

Desmodora spongiocola sp.nov. Desmodora spongiophila sp.nov.

Males Females Males Females Males Females Males Females
Holotype  Paratypes Holotype  Paratypes Holotype  Paratypes
n 8 15 6 3 4 3 4 3
L 2089 1825-2189  1727-2358  2252-2629  2252-3013 2090 2050-2774  2094-2426 4007 3445-4442  3327-4194
2013 + 1991 + 2456 + 2658 + 2457 + 2292 + 3881 + 3709 +
103 174 127 383 356 175 407 443
A 28.6 30.9-45.6 24.3-44.6 25.8-40.2 23.0-36.9 39.4 39.4-55.4 36.7-40.6 66.8 60.7-90.7 52.0-59.1
36.5 + 4.2 31.7 £ 6.4 30.4 £5.6 28.6 +7.4 46.5 £ 5.8 38.6 + 2.0 69.84 + 55.0 + 3.7
11.9
B 10.1 9.2-10.5 8.5-9.7 10.1-11.5 11.4-12.3 8.6 8.1-10.0 8.2-9.3 14.7 12.8-15.3 12.0-14.4
9.7 + 3.5 9.7 £ 0.5 10.6 + 0.5 11.7 £ 0.5 9.3+ 0.9 8.8+ 0.6 13.8+1.1 13.0 £ 1.2
C 9.0 9.4-10.8 8.7-11.7 8.1-9.8 7.6-9.8 10.0 10.0-12.5 10.5-11.2 25.5 23.2-29.8 25.0-27.6
10.1 + 0.4 9.9 +1.0 8.9+ 0.7 8.6+1.1 11.1 +£ 0.9 10.8 + 0.4 26.4 + 2.7 26.0 + 1.4
c 5.4 4.9-6.8 5.6-8.0 4.3-7.1 6.7-7.6 5.9 5.0-7.4 6.5-8.0 3.4-4.1 4.3-4.8
5.9 + 0.6 6.8 + 0.7 5.7 + 1.0 7.2+ 0.5 6.2 + 0.9 7.4+ 0.8 3.7 £ 0.4 4.5+ 0.3
V, % 48.6-54.2 47.1-48.4 44.5-45.6 47.4-49.9
51.7 £ 1.7 47.9 £0.7 45.1 £ 0.6 485+ 1.3
Head diam. at 32 26-33 27-33 36-49 38-51 33 32-34 31-32 31 31-32 31-33
cephalic setae 28 +2 30 +2 46 +5 45+ 6 33+1 32+1 32+0.3 32+1
Length of 5 4-5 4-6 8-12 7-9 7 6-7 6 8 8-10 6-9
cephalic setae
Amphid width 8 7-8 7-11 8-11 8-10 10 10-11 10 8 7-8 7
Amphid width/ 25.8 25.7-34.9 24.6-36.7 25.4-38.7 19.3-24.3 34.6 34.6-35.4 34.6-36.6 26.8 26.8-30.4 23.0-28.5
cbd (%) 30.2 + 3.4 28.8 +£3.4 29.6 + 5.2 22.6 +£2.9 349+ 0.3 35.7 £ 1.0 282 +1.7 26.3 +£2.9
Amphid from 8 7-10 511 9-13 7-10 10 7-10 89 8 7-9 8-10
anterior end 9+1 8+2 10 £ 4 8+1 8+1 9+1 8+1 9+1
Nerve ring from 133 102-143 107-149 123-146 124-138 140 140-188 146-157 175 150-177 175-186
anterior end 127 £13 126 + 10 138+ 9 129 +7 161 + 26 153 £ 6 167 £ 12 180 £ 6
Pharynx length 206 199-238 186-224 196-245 197-244. 242 242-279 254-267 272 270-297 277-292
210 + 14 204 +£ 11 232+ 18 226 + 25 264 +£ 16 260 £ 7 281 £ 12 284 +8
Max. body diam. 73 48-61 40-84 56-102 61-118 53 45-59 57-63 60 49-61 64-71
56 +5 65 + 14 83 t16 99 + 33 53+6 59+3 56 +5 67 £ 4
Spicule length 65 60-72 63-87 66 58-69 50 45-50
along arch 67 £ 5 74+9 67 £ 6 48+ 2
Gubernaculum 13-22 18-29 12 12-21 17 17-18
length 17 £5 25+4 17 + 4 171
Cloacal/anal 43 31-43 24-36 39-67 39-46 35 35-38 25-33 40 36-44 28-33
body diam. 35+4 30+4 50 + 10 43+ 4 36+1 29+ 4 39+3 31+3
Tail length 233 187-211 181-215 245-304 297-317 208 191-260 200-222 157 139-157 133-152
200 +7 199 £+ 10 276 + 20 307 +£ 10 222 + 26 213 +£11 147 £8 142 £10
Vulval body 45-84 61-118 57-63 53-67
diam. 67 + 11 99 + 33 59 +3 62 +8

the intestine according to the specimen. Spermatheca not observed.
Vulva is a broad transverse slit, located slightly posterior to mid-body.
Proximal portion of vagina heavily cuticularised, surrounded by
constrictor muscle. No vaginal glands observed.

Juveniles. Body shape, annuli, head capsule with ornamentation,
position of cephalic setae, position and shape of fovea amphidealis,
pharynx and intestine of all three stages found are similar to adults.

Diagnosis. Desmodora hydrothermica sp.nov. is characterized by
rounded cephalic capsule with a wavy suture, eight longitudinal rows of
somatic setae, cryptospiral amphideal fovea, buccal cavity with a poorly
developed tooth, relatively long tail (8.7 < ¢ < 11.7, 4.9 < ¢’<8.0),
males without precloacal supplement, spicules with a cephalated prox-
imal end.

Differential diagnosis. Desmodora hydrothermica sp. nov. resembles
D. alberti Verschelde et al., 1998, D. granulata Vincx and Gourbault
(1989) and Desmodora spongiocola sp. nov. D. hydroterma sp.nov. can be
easily distinguished from D. alberti and D. granulata by its body size
(1.7-2.5 mm vs 0.8-1.2 mm and 1.04-1.3 mm, respectively). Moreover,
Desmodora hydrothermica sp.nov. can be distinguished from D. alberti by
the number of longitudinal rows of somatic setae (8 vs 6). Desmodora
hydrothermica sp.nov. can be distinguished from D. granulata by the
length of spicules (60-72 pm vs 44-46 pm). Desmodora spongiocola sp.
nov. differs from Desmodora hydrothermica sp.nov. by the
well-developed buccal cavity with a hollow forwardly directed dorsal

tooth and 2 min ventrosublateral teeth, by the position of amphideal
fovea at the anterior area of cephalic capsule, in the length of
non-annulated tail tip (17-23 vs 26-33).

Nucleotide sequences. GenBank accession numbers OM108626-
OM108629 (18S rDNA), OM274098-OM274101 (28S rDNA).

Desmodora marci Verschelde et al., 1998 (Figs. 7-10).

Material examined. Eight males and three females.

Locality: Bering Sea, submarine Piip volcano, (55.38° N, 167.26° E),
depth about 469 m. Washout from bottom sediments with mussels
Calyptogena pacifica.

Measurements: see Table 2.

Description. Male. Long cylindrical and robust body with brownish
colour, rounded anterior end and long, slender tail. Cuticle coarsely
annulated posterior to head capsule. Distinctly annulated cuticle with
annules (without any spines) more widely spaced in pharyngeal region
than on rest of body. Striations become irregular toward the tail with
non-annulated tip. Lateral differentiation absent. Short somatic setae
(3-5 pm length) arranged in eight longitudinal rows along entire body
length. The surface of the body is often covered with bacteria of various
shapes (Fig. 10C, D, G).

Anterior sensilla presented by six internal and six external labial
papillae, and four cephalic setae (8-12 pm) at level of the anterior edge
of the fovea amphidealis. There is an additional irregular circle of about
eight somatic (cervical) setae at the base of the cephalic capsule or just
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Fig. 7. Desmodora marci. Male. A. Cephalic region. B. General view. C. Tail. Scale bars: A — 20 pm, B — 200 pm, C — 50 pm.

posterior to it. A short anterior retractable lip region separated from a
larger posterior main cephalic region by a suture of an extra layer of
thick cuticle. Main cephalic capsula usually wider than lip region and
ornamented with numerous tiny vacuoles. Cryptospiral (1.1 turns)
amphideal fovea located in middle of main region of cephalic capsule,
amphideal fovea slightly wider than amphideal aperture. Amphids reach
39% of corresponding diameter.

Buccal cavity with visible dorsal tooth, ventrosublateral teeth not
observed. Nerve ring at the level of two-thirds of pharynx. Cardia short.
Muscular pharynx with large oval bipartite terminal bulb and cuticu-
larised lumen.

Monorchic reproductive system located ventrally to and at the left
(testis tip) of the intestine. Long arched spicules (63-87 pm) with
developed capitulum and broad velum. Laminar short simple guber-
naculum, without apophysis. No special cuticular appendages related to
the male reproductive system. Long, slender conical-cylindrical tail,
non-annulated tail tip without perforations, (about 10 pm) long. Three
caudal glands and spinneret present, with opening divided internally by
membrane.

Female. Similar to male, but with lower values of ratio a, and slightly
smaller amphideal fovea and cephalic capsule. Reproductive system
didelphic, amphidelphic with reflexed ovaries both located to right of
intestine. Spermatheca not observed. Vulva located slightly posterior to
mid-body. Proximal portion of vagina heavily cuticularised and colored.
No vaginal glands observed.

Remarks. The specimens from the submarine Piip volcano are
broadly similar to the original description of Verschelde et al. (1998)
from the East Pacific Rise and the description of Tchesunov (2015) from
Lucky Strike on the Mid-Atlantic Ridge. There is a difference in the

number of rows of somatic setae, which are poorly distinguishable in
most specimens. All the measurements and ratios coincide or largely
overlap (Appendix Table 1).

Nucleotide sequences. GenBank accession numbers OM108623-
OM108624 (18S rDNA), OM274095-0OM274096 (28S rDNA).

Desmodora spongiophila sp.nov (Figs. 11-13).

Type specimens. The male holotype, four male paratypes, and three
female paratypes (No. MIMB44534).

Type Repository. All specimens were deposited in the Museum of
the A.V. Zhirmunsky National Scientific Center of Marine Biology FEB
RAS (Vladivostok, Russia).

Locality. Bering Sea, the submarine Piip volcano (55.38° N, 167.26°
E), depth 395-783 m, Hexactinellida and Demospongiae, bottom sedi-
ments, hydrothermal carbonate chimneys.

Etymology. The species name is given by the type habitat of the
nematode, individuals of the new species were often found on the
sponges.

Measurements: see Table 2.

Description. Male. Long cylindrical body with reddish to brownish
colour, rounded anterior end and tapered tail. Coarsely annulated
cuticle with annules more widely spaced in pharyngeal region than on
rest of body. Annuli without any spines. Somatic setae (3-5 pm long)
arranged in eight longitudinal rows along entire body length. A labial
retractable region is separated from an extra thick and high cephalic
capsule ornamented with tiny vacuoles.

Six inner and six outer labial papillae present on extendable portion
of labial region, outer labial papillae 2 pm long. Four cephalic setae
(8.3-10.2 pm long) present at the level of the anterior edge of the
amphideal fovea. Eight long sub-cephalic setae (7-10 pm long, two
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Fig. 8. Desmodora marci. Female. A. General view. B. Cephalic region. C. Tail.
Scale bars: A — 200 pm, B — 20 pm, C — 50 pm.

subventral, two subdorsal, two ventro-sublateral and two dorsosub-
lateral) located at level of the posterior edge of the amphideal fovea.
Cryptospiral amphideal fovea (1.1 turns) located in the anterior area of
cephalic capsule, amphideal fovea wider than amphideal aperture.
Amphids 27% of corresponding body diameter. Buccal cavity with large
cuticularised dorsal tooth and two small ventrosublateral teeth. Cylin-
drical pharynx with cuticularised lumen, posteriorly enlarged. Nerve
ring encircles pharynx immediately to anterior this enlargment.
Secretory-excretory system not observed. Reproductive system monor-
chic with outstretched testis located to left or right of intestine. Short,
strongly curved spicules with well-developed capitulum and ventral
alae. The gubernaculum is small and plate-like. Nine-eleven midventral
supplements present. Posteriormost supplement consists of a rounded
cuticular extension and located about 20 pm anterior to cloacal aper-
ture, preceded by eight-ten small, pore-like supplements. Distance be-
tween supplements about 15-25 pm. Non-annulated tail tip about 15 pm
long. Three caudal glands present, their nuclei are incaudal; spinneret
with double opening at posterior extremity of tail.

Female. Similar to male, but with lower values of ratio a, and slightly
smaller amphideal fovea. Reproductive system didelphic, amphidelphic
with reflexed ovaries both located to right of intestine. Spermatheca not
observed. Vulva located slightly anterior to mid-body. Proximal portion
of vagina heavily cuticularised and surrounded by constrictor muscle.
No vaginal glands observed.
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Diagnosis. Desmodora spongiophila sp. nov. is characterised by a long
body, eight longitudinal rows of somatic setae of medium length (3-5
pm), eight sub-cephalic setae on cephalic capsule, cryptospiral amphi-
deal fovea (1.1 turns), males with nine-eleven precloacal midventral
supplements (one mound-shaped and eight-ten pore-like).

Differential diagnosis. Desmodora spongiophila sp. nov. can be
differentiated from all other species of the genus by its body length
(3327-4442 pm). This new species resembles D. bilacinia Leduc and
Zhao, 2016b, D. communis (Biitschli, 1874), D. deconincki (Inglis, 1968)
and D. septentrionalis Kreis (1963) in the presence of sub-cephalic setae
and somewhat similar precloacal supplements.

Desmodora spongiophila sp. nov. can be distinguished from D. bilacinia
by the structure (mound-shaped and pore-like vs rounded cuticular ex-
tensions) and number (9-11 vs 2) of precloacal supplements, by the
absence of two rows of thick subventral setae extend from precloacal
supplements to near tail tip.

Desmodora spongiophila sp. nov. differs from D. communis and
D. septentrionalis by the number of sub-cephalic setae (8 vs 4), in the
structure and number of precloacal supplements (9-11 vs 12-13 and
9-11 vs 6 respectively).

Desmodora spongiophila sp. nov. differs from D. deconincki by the
number of precloacal supplements (9-11 vs 1).

Nucleotide sequences. GenBank accession numbers OM108625 (18S
rDNA), OM274097 (28S rDNA).

Desmodora spongiocola sp.nov. (Figs. 14-16).

Type specimens. The male holotype, four male paratypes, and three
female paratypes (No. MIMB44535).

Type Repository. All specimens were deposited in the Museum of
the A.V. Zhirmunsky National Scientific Center of Marine Biology FEB
RAS (Vladivostok, Russia).

Locality. Bering Sea, the submarine Piip volcano (55.38° N, 167.26°
E), depth 395-783 m, Demospongiae, bottom sediments.

Measurements: see Table 2.

Etymology. The species name is given by the type habitat of the
nematode, individuals of the new species were often found on the
sponges.

Description. Male. Long cylindrical and robust body with brownish
colour, rounded anterior end and cylindrico-conical tail. Cuticle
coarsely annulated posterior to cephalic capsule. Distinctly annulated
cuticle with annules (without any spines) more widely spaced in
pharyngeal region than on rest of body. Striations become irregular
toward the tail with non-annulated tip. Lateral differentiation absent.
Fine somatic setae (3-5 pm long) arranged symmetrically in eight lon-
gitudinal rows along entire body length.

Six internal papilliform labial sensilla, six external setiform sensilla
(3 pm), and four cephalic setae (6 pm) located on the cephalic capsule at
the anterior border of amphideal fovea. Main cephalic region usually
wider than lip region and ornamented with numerous tiny vacuoles.
Cryptospiral amphideal fovea (1.2 turns) located in the anterior area of
the cephalic capsule, amphideal fovea slightly wider than amphideal
aperture. Amphids about 35% of the corresponding diameter of the
capsule. 1-2 circles of the somatic setae on the posterior area of the
cephalic capsule. Cylindrical pharynx with elongate posterior bulb and
weakly cuticularised lumen. Well-developed buccal cavity with a hol-
low, forwardly directed, dorsal tooth and 2 min ventrosublateral teeth at
the same level. The distance from the anterior edge of the body to the
nerve ring is 130 pm. Cardia short.

Monorchic reproductive system located ventrally to and at the left
(testis tip) of the intestine. Mature large globular sperm cells, 3 x 4 pm
in size. Slender and ventrally curved spicules, with small rounded
capitulum. The gubernaculum is plate-shaped, without apophysis. No
special cuticular appendages related to the male reproductive system.
Three caudal glands present, their nuclei are incaudal; spinneret with
single opening. Tail conical, non-annulated tail tip long size (15-20 pm)
without perforations.

Female. Similar to male, but with lower values of ratio a.
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Fig. 9. Desmodora marci. Light microscopy, DIC. A. Cephalic region of female. B. Cephalic region of male. C. Juvenile body. D. Male body. E. Female anterior region.
F — female tail. G. Female reproductive system. H. Male tail. I. Testis. J. Male copulatory apparatus. Scale bars: A, B - 10 pm; C — 200 pm; D — 300 pm; E, F, H, J — 50

pm; G, I - 100 pm.

Reproductive system didelphic, amphidelphic with reflexed ovaries both
located to right of intestine. Spermatheca not observed. Vulva located
slightly anterior to mid-body.

Diagnosis. Desmodora spongiocola sp.nov. is characterized by its long
cephalic capsule; by eight longitudinal rows of somatic setae of medium
length; by cryptospiral amphideal fovea at the anterior area of cephalic
capsule; by well-developed buccal cavity with a hollow forwardly
directed dorsal tooth and 2 min ventrosublateral teeth; by cylindrical
pharynx with elongate posterior bulb and weakly cuticularised lumen;
by conical tail and spinneret with single opening; by absence of alae and
copulatory supplements.

Differential diagnosis. Desmodora spongiocola sp.nov. resembles
D. alberti, D. granulate and Desmodora hydrothermica sp. nov in the gen-
eral shape of the body and in the absence of alae and copulatory sup-
plements. However, the combination of some features of the new species
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is markedly different, including a long cephalic capsule and position of
amphideal fovea at the anterior area of cephalic capsule. Desmodora
spongiocola sp.nov. can be easily distinguished from D. alberti and
D. granulata by its body size (2.1-2.8 mm vs 0.8-1.2 mm and 1.04-1.3
mm, respectively). Desmodora spongiocola sp.nov. differs from D. alberti
by the number of longitudinal rows of somatic setae (8 vs 6). Desmodora
spongiocola sp.nov. can be distinguished from D. granulata by the length
of spicules (58-69 pm vs 44-46 pm).

Nucleotide sequences. GenBank accession numbers OM108630-
OM108634 (18S rDNA), OM274102- OM274106 (28S rDNA).

3.2. Molecular analysis

A total of 12 samples were sequenced for 18S and D2-D3 region of
28S rDNA (voucher numbers BS31-BS33, BS51-BS54, BS59-BS63). The
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Fig. 10. Desmodora marci. Female. SEM. A. Anterior region. B. Cephalic region. C. Anus. D. Tail. E, F. Tail tip. G. Posterior region. Scale bars: A, C, D - 50 um; B — 20

pm; E, F — 10 pm; G — 100 pm.

final alignment of the 18S rDNA yielded 1504-1618 bp and 683-698 bp
for 18S and 28S respectively. According to the morphological analysis
(see above), the obtained samples belong to 4 species: BS31-BS32 —
Desmodora marci, BS33 — Desmodora spongiophila sp.nov., BS51-BS54 —
Desmodora hydrothermica sp.nov. and BS59-BS63 — Desmodora spongio-
cola sp.nov. The total pairwise p-distances within each species were in
the range 0.0-0.4% and 0.0-0.5% for 18S and 28S respectively which
shows that all sequences belong to the corresponding species. The results
of interspecific distances of all obtained sequences are summarized in
Table 3. The high distances between the studied species confirm their
validity (Pereira et al., 2010; Armenteros et al., 2014a).

Among the members of the family Desmodoridae the primary clade
was well supported (Bayesian posterior probability, PP = 1; Maximum
likelihood bootstrap value percent, ML = 100) and formed by uniden-
tified species of the genera Catanema and Robbea (Fig. 17). Bayesian
inference (BI) phylogeny revealed a moderately polytomy node (PP =
0.54, ML = 11), including 3 primary clades of Desmodoridae: Laxus (PP
= 1), Leptonemella + Stilbonematinae gen sp. (PP = 0.8, ML = 32) and
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the remaining members of the family. The earliest branching lineages of
the remaining nematodes was Stilbonema (PP = 1, ML = 94), 3 species of
genus Robbea (PP = 1, ML = 58) and Eubostrichus (PP = 1, ML = 81). The
next clade (PP = 1, ML = 97) includes obtained sequence of Desmodora
spongiophila sp.nov BS33. Four species, Desmodora communis, Acantho-
pharynx sp., Acanthopharynx micans and Zalonema sp. were placed as a
sister to the sample BS33. After a clade consisted of Metachromadoroides
and Metachromadora (PP = 0.84, ML = 90), Bayesian inference phy-
logeny revealed two sister clades (PP = 0.98). The first clade (PP = 0.56)
includes members of the genera Desmodora, Desmodorella and Chro-
maspirina. The new species Desmodora spongiocola sp. nov. (PP = 1, ML
= 100) was places as sister to Spirinia. The second clade (PP = 0.62)
includes the remaining Desmodora species as well as Pseudochromadora,
Desmodorella and Metachromadora. Obtained sequences of Desmodora
marci were conspecific to Desmodora marci and Desmodora hydrothermica
was conspecific to Desmodora sp. JX463181.

In the D2-D3 of LSU phylogenetic tree the primary clade was formed
by the genera Pseudochromadora (Fig. 18), whereas the position of
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Fig. 11. Desmodora spongiophila sp.nov. A. Anterior region of female. B. Female cephalic region. C. Male cephalic region. D. Female tail. E. Male tail. Scale bars: A —

100 pm; B, C — 30 pm; D, E — 50 pm.

sequences of new species and support of the clades generally corre-
sponded to the topology revealed Bayesian Inference on 18S rDNA.

3.3. Stable isotopes and fatty acids analysis

The 5'3C and &!°N values of nematodes, sediment organic matter
(SOM) and microbial mats are presented in Table 4 and Fig. 19. SOM
813C values ranged from —26.4%o to —23.4%o, and 5!°N values ranged
from 1.9 to 4.4%o for areas with and without of Calyptogena pacifica
respectively. The 8!°C and 8!°N mean values of microbial mats were
—31.5%o0 and 6.4%o, respectively.

The nematode 5'3C values ranged from —44.5 (Desmodora spongio-
phila sp.nov., station 7) to —19.4%o (Desmodora spongiophila sp.nov.,
station 2), and the 515N values ranged from 2.5 (D. mareci, station 6) to
12.7%o0 (Nematoda, station 2).

The 8'3C and 5!°N values of Desmodora samples from hydrothermal
habitats were lower than the values of nematode samples from habitats
outside of hydrothermal activity. The Desmodora hydrothermica sp.nov.
from hydrothermal chimneys were characterized by significantly
depleted 5'3C and 8'°N relative to nematodes from station 7 (Tukey’s
pairwise tests, p < 0.001).

Among-site differences were observed for Desmodora hydrothermica
sp.nov and Desmodora spongiophila sp.nov. There were no significant
among-site differences in D. hydrothermica sp.nov. 5'3C values, but 5!°N
values were different (Tukey’s pairwise tests, p = 0.009). Desmodora
spongiophila sp.nov. 8'°C and 8'°N values were characterized by very
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high variation and ranged from —44.5 to —19.4%., and from 7.7 to
10.7%o, respectively. In general, the values of isotopic signatures
increased with distance from hydrothermal vents.

The fatty acid composition of Desmodora hydrotherma sp.nov.
demonstrated the strong dominance of monounsaturated fatty acids
(MUFAs) (60-66%), 16:1n-7 and 18:1n-7 together account for 47-53%
of FAs (Table 5). Saturated fatty acids (SFAs) varied from 23% to 29%,
and polyunsaturated fatty acids (PUFAs) were found in very low abun-
dance (7-9%).

4. Discussion
4.1. Morphological and molecular analysis

The identification of nematodes of the genus Desmodora is chal-
lenging as these animals demonstrate a limited number of useful dif-
ferential morphological characters. Moreover, Desmodora species, like
other Desmodorinae genera, often occur together. (Verschelde et al.,
1998; Moura et al., 2014; Zograf et al., 2021). The inability to unam-
biguously distinguish species makes it difficult to conduct research at
the species level, study nematode communities, inventory biological
diversity, analyze spatial distribution, identify biogeographic patterns,
etc.

Some features, important for species identification, are practically
invisible under a light microscope and require a scanning electron mi-
croscope such as: structure of the spinnneret, number and structure of
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Fig. 12. Desmodora spongiophila sp.nov. Light microscopy, DIC. A. Female body. B. Female anterior region. C. Female cephalic region. D. Male cephalic region. E.
Female tail. F. Vulva region. G. Female posterior region (s1 — mound-shaped precloacal supplement, s2 — pore-like precloacal supplements). Scale bars: A — 200 pm; B-

G - 50 pm.

male supplements, number and location of sensilla. This was also shown
for the species studied in the work. The use of an integrative approach
based on genetic and detailed morphological studies makes it possible to
overcome difficulties in species identification (Derycke et al., 2005,
2010; De Oliveira et al., 2012). The results of morphological studies, as
well as DNA barcoding confirm the validity of the species we have
described. Unfortunately, for many species described in the past, there
are no detailed morphological descriptions, as well as nucleotide se-
quences. Publications of this kind, with modern redescriptions, seem to
be quite relevant and in demand.

The genus Desmodora was established by de Man (1889) based on the
species Spilophora communis Biitschli, 1874 from the Kiel Bay. Several
taxonomic studies dealt with taxa of the Desmodorinae and revisions
(and/or identification keys) for Desmodora have been published (Ger-
lach, 1950, 1963; Wieser, 1954; Boucher, 1975; Verschelde et al., 1998,
2006; Armenteros et al., 2014b; Moura et al., 2014; Leduc and Zhao,
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2016a). Verschelde et al. (1998) proposed a taxonomic revision of
Desmodora together with an emended generic diagnosis and reinstated
subgenera as genera and reviewed the taxonomic composition of the
genus by changing the status of some species. This revision was well
confirmed by morphological data. However, the molecular phylogenetic
analysis did not support the monophyly of Desmodora (Armenteros et al.,
2014a; Leduc and Zhao, 20164, b). Our SSU and D2-D3 of LSU phylo-
genetic trees largely agree with those of previous analyses indicating
that Desmodora is not monophyletic. Moreover, phylogenetic relation-
ships within the subfamily Desmodorinae remain unresolved.
Misidentification may be one of the reasons for the unrealistic ge-
netic distances observed in some species and genera of Desmodorinae
(Armenteros et al., 2014a; Zograf et al., 2021). At the same time, it is
obvious that the observed topology of phylogenetic trees contradicts the
taxonomy of the subfamily based on morphological data. The presented
results are preliminary; to resolve the contradictions, it is necessary to
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Fig. 13. Desmodora spongiophila sp.nov. Male. SEM. A. Cephalic region. B. Second copulatory supplement. C. Posteriormost copulatory supplement. D. Posterior
region, ventral view. E. Posterior region, dorsal view. F. Tail tip. G. Cloaca region. Scale bars: A, F, G — 10 pm; B, C = 5 pm; D —50 pm; E — 100 pm.

include a larger number of species, genera, and molecular markers in the
analysis. A more recent detailed analysis of morphological features and
their significance is also required.

4.2. Spatial distribution

Individuals of Desmodora have been found in most of the studied
habitats on the summits of the Piip volcano. The species often lived
together, but a pronounced spatial specialization was observed. Des-
modora spongiophila sp.nov. and Desmodora spongiocola sp.nov. were
abundant inhabitants of the vulcanellids and some hexactenellids
common on the volcano. Desmodora hydrothermica sp.nov. dominated in
microbial mats on the carbonate chimneys from the South Summit,
while Desmodora marci was found on stones near vents and in bottom
sediments with vesicomyid Calyptogena pacifica.

Desmodora marci and Desmodora hydrothermica sp.nov. were already
known in deep-sea reduced environments of the Pacific and Atlantic
oceans, in similar habitats. Specimens of Desmodora marci were
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previously sampled from the collection box containing two species of
bivalves, Bathymodiolus mussels and a species of Acharax, taken from
hydrothermal vents in the Lau Basin in the South-West Pacific (Ver-
schelde et al., 1998), from a piece of a sulphide tube overgrown with
mussels Bathymodiolus azoricus in hydrothermal sites of North
Mid-Atlantic Ridge (Tchesunov, 2015) and from carbonate rocks and
sulphide-oxidizing bacterial mats at Hydrate Ridge methane seeps (off
the coast of Oregon, North-East Pacific) (Sapir et al., 2014). Nucleotide
sequence identical Desmodora hydrothermica sp.nov. (Fig. 17), was ob-
tained from the same carbonate rocks and sulphide-oxidizing bacterial
mats at Hydrate Ridge methane seeps and were identified as Desmodora
sp. 9 (Sapir et al., 2014). These results may indicate the presence of a
specialized nematofauna of deep-sea reducing habitats at the species
level. In addition, the results confirm the suggestion that some species of
deep-sea nematodes can be characterized by an extremely wide spatial
distribution (Mordukhovich et al., 2019).
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Fig. 14. Desmodora spongiocola sp.nov. A. Female anterior region. B. Female cephalic region. C. Male cephalic region. D. Female tail. E. Male tail. Scale bars: A, D, E

— 50 pm; B, C — 30 pm.
4.3. Trophoecological studies

The §'°C and §'°N values of SOM (Fig. 19, Table 4) showed high
variation between stations and reached ranges from —26.4 to —23.3%o
for 8'3C and from 1.9 to 4.4%. for 8'°N. Such variability may be the
result of the variation in the contribution of organic matter of chemo-
synthetic origin (higher for the area with Calyptogena pacifica). The 5'3C
and 5!5N mean values of SOM at similar depths in the Bering Sea outside
reducing environment were —22.3%o and 5.9%o, respectively (Kiyashko
& Mordukhovich, unpubl.). In this way, SOM at station 7 was charac-
terized by slightly depleted 5!3C and 8'°N. It seems that organic matter
of photosynthetic origin prevails at this station, but there is also a pro-
nounced influx of chemosynthetic organic matter. Interpretation of the
obtained results should be approached with caution, as the isotopic
signatures at station 7 were determined from the a single sample.

Nematodes at station 7 were isotopically heavier relative to bulk
SOM (—20.8%o vs —23.9%s for §'3C and 12.5%o vs 4.4%s for §'°N). Stable
nitrogen isotope ratios of consumers are typically enriched by 3.4%o
relative to their diet (Wada et al., 1993; Post, 2002; Fry, 2006). Thus, the
heavy isotope enrichment of nematode samples is likely to be a result of
feeding on organic matter that has been transformed by micro-
heterotrophs and is associated with an increase in the number of trophic
levels.

The most abundant species from carbonate hydrothermal chimneys,
the nematode D. hydrothermica sp.nov., was characterised by a FAs
profile indicative of a bacterial diet (Table 5): strong dominance of
MUFAs (16:1n-7 and 18:1n-7 together account for 47-53% of FAs) and
very low abundance of n-3 and n-6 long-chain polyunsaturated FAs
(commonly originating from photosynthetic plankton). The FA compo-
sition of D. hydrothermica sp.nov. from Piip voulcano is very similar to
Halomonhystera disjuncta collected at the Hakon Mosby Mud Volcano
(Van Gaever et al., 2009). It is known that 16:1n-7 and 18:1n-7 can be
derived from diatoms (e.g. Dijkman and Kromkamp, 2006; Volkman,
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2006), however, in deep-sea habitats, high levels of ®7 mono-
unsaturated fatty acids have been found in invertebrates with bacterial
symbionts (Kelly and Scheibling, 2012 and references therein) and in
meiobenthic invertebrates that feed on chemosynthetic bacteria (Van
Gaever et al., 2009).

The 5'3C and 8!°N values of Desmodora samples from hydrothermal
habitats were greatly lower than the values of nematode samples from
habitats outside of the hydrothermal activity. Desmodora hydrothermica
sp.nov. from hydrothermal chimneys were characterized by signifi-
cantly depleted 5'3C and 5!°N relative to nematodes from station 7
(Tukey’s pairwise tests, p < 0.001). The depleted isotopic signatures
confirmed the consumption of chemosynthetically derived organic
matter (Levin and Michener 2002; Levin, 2005). Other studied samples
of Desmodora, apart from Desmodora spongiophila sp.nov. at station 1,
also demonstrate 5'3C values consistent with contributions to nutrition
from chemosynthesis. At the same time, the values of isotopic signatures
do not confirm that studied Desmodora species feed on sulfur-oxidizing
bacteria that form microbial mats common on hydrothermal chimneys
and hard substrata of the volcano. Samples of Desmodora had 5'3C and
515N close to or even more depleted than studied microbial mats.
Reducing habitats are characterized by the presence of diverse microbial
communities and the isotopic signatures of different microbial taxa can
vary significantly (Levin and Michener 2002; Teske, 2010; Dick et al.,
2013; Speth et al., 2022). It seems that the studied nematodes may have
a high trophic selectivity.

All studied species have a stoma and well-developed digestive sys-
tem, light microscopy did not reveal any structures that could be asso-
ciated with endosymbionts. Scanning electron microscopy revealed the
usual presence of ectosymbionts on Desmodora marci (Fig. 10D, G) and
Desmodora spongiocola sp.nov. (Fig. 16J). However, ectosymbionts were
not found in all individuals, and the degree of their development also
varied greatly. The feeding strategy of these species, like the other two,
remains unclear. The §!3C values of Desmodora spongiophila sp.nov.
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Fig. 15. Desmodora spongiocola sp.nov. Light microscopy, DIC. A, B. Male cephalic region. C, D. Female cephalic region. E. Female anterior region. F. Female body. G.
Female reproductive system. H. Male body. J. Testis. K. Male copulatory system. L. Tail tip. Scale bars. A, B, C, D — 20 ym; E — 50 pm; F, H— 200 pm; G, J — 100 pm; I,

K- 40 pm; L — 30 pm.

increased with distance from hydrothermal vents from —44.5%0 to
—19.4%o. These data indicate that this species does not have obligate
relationships with chemosynthetic bacteria and that it can use other
available food source. The methods we used do not allow us to un-
equivocally state the absence of endosymbionts. However, it can be
assumed that the source of carbon for them is an organic matter derived
from free-living chemosynthetic bacteria.
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5. Conclusion

Our data indicate the existence of typical deep-sea hydrothermal
vent nematode species. Two species have been confirmed to have an
extremely wide spatial distribution, they have previously been found in
other reducing habitats in the Pacific and Atlantic Oceans. Studied
species are characterized by a spatial specialization, preference for sub-
habitats (sponges, chimneys, bottom sediments with shellfish, etc.), they
consume organic matter of chemosynthetic origin and some of them are
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Fig. 16. Desmodora spongiocola sp.nov. Female. SEM. A, C, F, I. Anterior region. B. General view. D - Tail. E, G, H. Tail tip. Scale bars: A, C, F, I - 50 pm; B — 200 pm; D
—100 pm; E, G, J — 10 pm; H — 20 pm.

Table 3
Interspecific p-distances (%) between the obtained sequences. Distances for 18S and 28S are under and above the diagonal respectively.
Species D. marci D. spongiophila sp.nov. D. hydrothermica sp.nov. D. spongiocola sp.nov.
D. marci 203 +1.4 14.7 £ 1.3 17.6 £1.5
D. spongiophila sp.nov. 7.5 +0.7 20.5+ 1.6 20.7 £ 1.6
D. hydrothermica sp.nov. 5.6 £ 0.6 9.0 £ 0.6 171+ 1.4
D. spongiocola sp.nov. 5.3+ 0.6 7.8+ 0.8 6.0 + 0.6
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Table 4
Isotopic (8'°N, 83C) composition of nematodes, SOM and microbial mat.
Station Number of individuals 3"°N, %o 513C, %o C/N

D. spongiophila sp.nov. 1 19 10.7 —19.4 4.8
D. spongiophila sp.nov. 3 25 8.5 -27.1 4.8
D. spongiophila sp.nov. 3 25 8.3 —25.7 5.0
D. hydrothermica sp.nov. 5 150 5.7 —28.9 5.2
D. hydrothermica sp.nov. 5 150 6.2 —-29.4 5.0
D. hydrothermica sp.nov. 5 150 5.8 —28.8 5.0
D. spongiophila sp.nov. 5 6 —34.7

Microbial mat 5 6.1 —29.9 6.6
D. marci 6 50 3.9 —26.5 4.7
D. marci 6 50 2.5 —24.5 4.8
D. hydrothermica sp.nov. 6 33 —30.6 6.0
SOM 6 1.9 —26.4 6.9
Nematoda 7 200 12.2 —20.8 5.0
Nematoda 7 200 12.7 —20.8 4.9
Nematoda 7 200 12.3 -21.0 4.7
SOM 7 4.4 —23.3 7.2
D. spongiocola sp.nov. 8 32 —27.8 5.1
D. spongiocola sp.nov. 8 59 8.7 —28.6 5.0
D. spongiophila sp.nov. 8 27 7.7 —44.3 5.1
D. spongiophila sp.nov. 8 39 7.7 —44.5 4.8
D. hydrothermica sp.nov. 9 150 5.2 —28.6 5.0
D. hydrothermica sp.nov. 9 150 5.2 —28.2 5.0
D. hydrothermica sp.nov. 9 150 5.0 —29.0 5.0
Microbial mat 9 6.7 —-33.2 6.4
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Fig. 17. Bayesian 18S rDNA phylogeny of the family Desmodoridae from 200 taxa, using the GTR + I + G model of nucleotide substitution. Monoposthia and Nudora
(Monoposthiidae) were used as outgroup to root the tree. Bayesian posterior probabilities (PP) are given above tree nodes and bootstrap support values found in the
ML analysis are shown below nodes.
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Fig. 18. Bayesian 28S rDNA phylogeny of the family Desmodoridae from 41 taxa, using the GTR + I + G model of nucleotide substitution. Monoposthia and Nudora
(Monoposthiidae) were used as outgroup to root the tree. Bayesian posterior probabilities (PP) are given above tree nodes and bootstrap support values found in the
ML analysis are shown below nodes.
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Fig. 19. Isotopic 3N, 8'30) composition of nematodes, SOM and microbial mat at different station (* — 8'°N not measured). Values are represented as mean +

standard deviation.

very abundant under extreme conditions on the surface of active hy-
drothermal chimneys. High abundance makes nematodes one of the
most important participants in the transformation of chemosynthetically
derived carbon. At the same time, some of the described species have

also been found outside hydrothermal fields and they consumed
photosynthetically derived carbon Thus, the question of the presence of
an obligate vent nematode fauna remains open.

20


http://www.marinespecies.org/aphia.php?p=taxdetails&amp;id=2172

V.V. Mordukhovich et al.

Table 5

Fatty acid composition (% of total, mean + SD) of Desmodora hydrothermica sp.
nov. (500 individuals for each replicate). The five most abundant fatty acids are
shown in bold.

FA Station 5 (n = 1) Station 9 (n = 3)
14:1n-5 0.1 0.3+0.1
14:0 1.7 1.0 £ 0.2
i15:0 0.9 0.7 £0.1
ail5:0 0.3 0.2+0.1
15:0 0.4 0.3+0.1
i16:0 0.2 0.2+0.1
16:1n-7 16.9 17.8 £ 1.0
16:1n-5 0.6 0.6 + 0.0
16:0 15.0 11.3+ 0.6
i17:0 0.7 0.6 = 0.0
ail7:0 0.5 0.5+ 0.1
17:0 0.6 0.5+ 0.0
i18:0 0.1 0.2+0.1
18:2n-6 1.2 0.8 +0.1
18:1n-9 5.0 3.4+0.1
18:1n-7 30.0 33.9+0.5
18:1n-5 0.4 0.4+0.1
18:0 7.0 6.1 +0.2
19:1n-10 0.2 0.2+0.1
19:1n-8 0.2 0.2+0.1
20:4n-6 0.9 0.9+ 0.1
20:5n-3 3.3 3.5+ 0.4
20:1n-11 1.3 1.3+0.1
20:1n-9 0.6 0.5+0.1
20:1n-7 2.4 3.3+0.3
20:00 0.9 1.0+0.1
21:1n-12 0.1 0.1+0.1
21:00 0.2 0.3+0.1
22:5n-6 0.2 0.3+0.1
22:6n-3 1.6 1.6 £ 0.3
22:4n-6 0.1 0.2+ 0.0
22:5n-3 0.5 0.7 £ 0.2
22:1n-7 2.3 29+ 0.5
22:0 0.8 0.9+0.1
24:1n-9 0.2 0.1 +0.1
24:1n-7 0.2 0.3+0.1
24:0 0.1 0.1+0.0
Unknown 2.0 2.6 +£0.6
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