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Abstract

One new Sabatieria Rouville, 1903 and one new Hopperia Vitiello, 1969 species are described from Conway Trough off the east coast
of New Zealand’s South Island based on light and scanning electron microscope observations and SSU and D2-D3 of LSU molecular
sequences. Additional morphological observations and molecular sequence data are also provided for Vasostoma hexodontium Rosli,
Leduc & Probert, 2014. Sabatieria articulata sp. nov. belongs to the Praedatrix group and differs from all other species of the genus in
having jointed spicules. Hopperia novazelandica sp. nov. is characterized by a relatively stout body, cephalic setae 0.2-0.3 corre-
sponding body diameter long, amphideal fovea with 3.0 turns in males and 2.2-2.5 turns in females, buccal cavity with three teeth,
spicules 2.3-2.5 cloacal body diameters long, presence of 19 precloacal supplements, and conico-cylindrical tail with swollen tip and
terminal setae. Scanning electron microscopy observations show that the outer cuticle surface of V. hexodontium is smooth and that the
inner labial papillae are slightly larger than the outer labial papillac. The SSU consensus tree could not resolve relationships among
most Comesomatidae Filipjev, 1918 species and genera included in our analysis. Analyses based on D2-D3 of LSU sequences suggest
that Sabatieria, Hopperia, and Dorylaimopsis are not monophyletic; instead, species/genera from the same region tended to cluster
together, suggesting that features that characterize the genera Hopperia and Dorylaimopsis, such as a buccal cavity with teeth and an
expanded posterior portion, have evolved multiple times independently, possibly from a Sabatieria-like ancestor. This hypothesis,
however, will have to be tested using more comprehensive molecular datasets.

Keywords Conway trough - D2-D3 region of large subunit (LSU) 28S rDNA gene - Morphology - Scanning electron microscopy -
Small subunit (SSU) 18S rDNA gene - Taxonomy

Introduction

Communicated by M. Schratzberger

Comesomatids are a group of marine nematodes with a world-
wide distribution and most commonly found in coastal, shelf,
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and continental margin sediments (Jensen 1979; Soetaert and
Heip 1995; Muthumbi et al. 2011). The Comesomatidae
Filipjev, 1918 are characterized by male and female reproduc-
tive systems with two opposed and outstreched gonads (except
one Hopperia species) and multispiral amphids, a combination
of characters not found in any other marine nematode family.
The posterior portion of the buccal cavity (pharyngostoma) is
either narrow and collapsed (subfamilies Comesomatinae
Filipjev, 1918 and Sabatieriinae Filipjev, 1934) or expanded
(Dorylaimospinae De Coninck, 1965), and the spicules are ei-
ther long and slender (Comesomatinae), short and robust
(Sabatieriinae), or variable (Dorylaimopsinae). The taxonomy
of the family was revised by Jensen (1979), Platt (1985), and
Hope and Zhang (1995). The family comprised a total of 20
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genera and 153 species in the latest overview by Fonseca
and Bezerra (2014). In recent years, most of the new
Comesomatidae species have been described from the
northwestern and southwestern Pacific Ocean, in particular
the coasts and continental margins of China and New
Zealand (e.g., Guo et al. 2015; Leduc 2017). To our knowl-
edge, none of the Comesomatidae species descriptions
available to date include molecular sequence data, al-
though a relatively limited number of molecular sequences
have been obtained for a number of species and genera in
phylogenetic and population genetic structure studies (e.g.,
Holterman et al. 2008; De Groote et al. 2017).

A total of 27 species, including two Vasostoma Wieser,
1954, two Hopperia Vitiello, 1969, and 12 Sabatieria
Rouville, 1903 species, have been described/recorded from
New Zealand waters over the last decade or so, 18 of which
have not been recorded elsewhere (Leduc and Gwyther 2008;
Rosli et al. 2014; Leduc 2017). Here, we describe one new
Sabatieria and one new Hopperia species from Conway
Trough off the east coast of New Zealand’s South Island at
depths of 490-590 m. Additional morphological observations
based on scanning electron micrographs and SSU and D2-D3
of LSU molecular sequences are provided for Vasostoma
hexodontium Rosli, Leduc & Probert, 2014 specimens from
the same location.

Material and methods
Sampling and morphological analyses

The Conway Trough is located off the east coast of New
Zealand’s South Island.

It is a north-south—oriented sedimentary basin approxi-
mately 40 km long and up to 10 km wide, reaching to within
3 km from the shore (Carter et al. 1982). It is separated from
the highly productive Kaikoura Canyon (De Leo et al. 2010;
Leduc et al. 2014) to the north by a narrow sill.

Sampling was conducted using RV Tangaroa during
National Institute of Water and Atmospheric Research
(NIWA) voyage TAN1708 (September 2018). Sediment
samples were collected using an Ocean Instrument MC-
800A multicorer (internal diameter of core = 9.52 cm) at
three sites along the axis of Conway Trough (TAN1708
sites 28, 29, and 30 at 570, 586, and 491 m water depth,
respectively). At each site, a subcore was obtained by
pushing a cutoff syringe (29 mm internal diameter) into
the sediment of one core. The sediment was then sliced
into 0—1- and 1-5-cm layers and fixed in 10% buffered
formalin. The remaining 0-5-cm layer of sediment from
the same core was transferred to a plastic bag and frozen
at —80 °C.
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In the laboratory, frozen sediment samples were thawed
overnight, then sieved trough a 45-um mesh to retain nema-
todes. Nematodes were extracted using the ludox flotation
method (Somerfield and Warwick 1996) and sorted under a
dissecting microscope. A single male specimen of each spe-
cies was mounted in a drop of seawater on a temporary slide to
confirm its identity, and images of key morphological features
were taken to provide image vouchers. Nematodes from
formalin-fixed sediment samples were extracted using the
same method as for the frozen samples. Specimens for
light microscopy were transferred to glycerol and mounted
onto permanent slides (Somerfield and Warwick 1996).
Specimens for scanning electron microscopy (SEM) were
transferred to a 4% osmium tetroxide solution overnight,
then gradually transferred to pure ethanol using a graded
ethanol series, critical point dried, and mounted onto stubs
before coating with gold using a sputter coater.
Observations were made using a Hitachi TM3000 tabletop
SEM at high vacuum mode.

Type specimens are held in the NIWA Invertebrate
Collection (Wellington) and the National Nematode
Collection of New Zealand (Auckland). All measurements
are in micrometer, and all curved structures are measured
along the arc. The terminology used for describing the ar-
rangement of morphological features such as setae follows
Coomans (1978). Abbreviations in the text and tables are as
follows:

Body length/maximum body diameter
Body length/pharynx length

Body length/tail length

Tail length/anal or cloacal body diameter
cbd  Corresponding body diameter

L Total body length

n Number of specimens

V' Vulva distance from anterior end of body
%V  Vl/total body length x 100

o0 & Q

DNA extraction, PCR, and sequencing

Following observation and digital imaging under a compound
microscope, a male specimen of each species was transferred
to lysis buffer and kept frozen at —80 °C prior to molecular
analyses. DNA was extracted by the method of Zheng et al.
(2002) with minor modifications. The DNA extract was stored
at —20 °C until used as PCR template.

Primers for LSU amplification were forward primer D2A
(5'-ACAAGTACCGTGAGGGAAAGT-3') and reverse prim-
er D3B (5-TGCGAAGGAACCAGCTACTA-3") (Nunn
1992). Primers for the rDNA small subunit (SSU) were the
first fragment forward primer 1096F, 5'-GGTA
ATTCTGGAGCTAATAC-3" and reverse primer 1912R, 5'-
TTTACGGTCAGAACTAGGG-3', and the second fragment
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Table 1 Morphometrics (pm,

mean (range)) of Sabatieria Male holotype Male paratypes Female paratypes

articulata sp. nov. from Conway

Trough n 1 3 2
L 1973 1956 (1758-2177) 1914,2064
a 28 31 (27-34) 27,32
b 8 8 8
c 11 12 (10-13) 9
¢ 3.7 3.7 (3.6-3.7) 52,53
Head diam. at cephalic setae 15 14 (12-15) 14,15
Mouth diameter max 4 4 5
Length of cephalic setae 5 5(4-5) 5,6
Amphid height 12 11 (10-12) 10, 12
Amphid width 11 10 (9-11) 11
Amphid width/cbd (%) 72 67 (55-73) 62, 66
Amphid from anterior end 6 6 (5-6) 5,6
Nerve ring from anterior end 129 122 (118-125) 102, 124
Nerve ring chd 47 45 (43-47) 42,47
Excretory pore from anterior end 154 154 (151-157) 139, 158
Pharynx length 262 245 (230-263) 230, 266
Pharyngeal bulb diam. 38 37 (35-39) 40
Pharynx bulb c¢hd 59 55 (53-56) 58, 62
Max. body diam. 69 63 (61-65) 61,77
Spicule length 126 126 (121-136) -
Gubernacular apophyses length 24 27 (24-32) -
Cloacal/anal body diam. 47 45 (43-46) 41, 44
Tail length 175 165 (154-171) 213, 238
Vv - - 878,933
%V - - 45, 46
Vulva body diam. - - 60, 73

forward primer 1813F, 5'-CTGCGTGAGAGGTGAAAT-3’
and reverse 2646R, 5'-GCTACCTTGTTACGACTTTT-3,
respectively (Holterman et al. 2006). For both SSU and
LSU, the 20 pl PCR contained 10 pl Go Tag® Green
Master Mix (Promega Corporation, Madison, WI, USA),
1 ul (5 uM) each of forward and reverse primers, and 2 pl
of DNA template. The thermal cycling program was as
follows: denaturation at 95 °C for 3 min, followed by
35 cycles of denaturation at 94 °C for 15 s, annealing at
53 °C for 30 s, and extension at 72 °C for 45 s. A final
extension was performed at 72 °C for 7 min. The amplicons
were electrophoresed on 1% TAE-agarose gel stained with
SYBR® Safe, observed under UV illumination using the
Gel-Doc system (BioRad, Hercules, CA, USA), and images
processed using the Quantity One 1-D analysis software
(BioRad). The PCR products were diluted three to five times
and sequenced bidirectionally using the amplification primers
by EcoGene (Auckland, New Zealand). Sequences were ob-
tained with a 3130x1 Genetic Analyzer (Applied Biosystems,
USA) and assembled and edited with Sequencher 4.8 (Gene
Codes Corp.).

Sequence alignment and phylogenetic inference

The ribosomal DNA SSU and LSU D2-D3 sequences were
deposited in GenBank (accession numbers MK161428-30
and MK161431-2, respectively). Sequences were compared
with those of Comesomatidae species for which sequences
were available in GenBank. Both SSU and LSU trees were
rooted using sequences from the closely related
Axonolaimidae Filipjev, 1918. DNA sequences were aligned
using the MUSCLE (Edgar 2004a, b) and clustal alignment
algorithms with default parameters, which yielded essentially
identical SSU and LSU topologies. Initial SSU analyses could
not clarify the placement of the three species from Conway
Trough within the Comesomatidae. In an attempt to better
define the placement of these species, regions of questionable
alignment were removed using Gblocks (Castresana 2000;
Talavera and Castresana 2007) with relaxed gap setting (only
positions where 50% or more of the sequences have a gap are
treated as a gap position) and the resulting fragments were
concatenated. After removing sites of questionable alignment,
Gblocks gave a 826-bp site alignment from the original SSU
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Fig. 1 Sabatieria articulata sp. nov. a Male anterior body region; b female anterior body region; ¢ female posterior body region; d male pharyngeal body
region; e male posterior body region. Scale bar: a and b = 10 um, ¢ = 30 um, d and e = 24 um

rDNA with 1578-bp sites concatenated alignment. The
resulting SSU tree topology, however, was almost identical
to SSU trees built without Gblocks.

Phylogenies were built in Geneious 10.2.6 (http://www.
geneious.com, Kearse et al. 2012). ModelTest 3.04 (Posada
and Crandall 1998) in conjunction with PAUP*4.0b10
(Swofford 2002) and jModelTest 2.1.10 software (Darriba
et al. 2012) were used to select the best model using the
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Akaike Information Criterion. The substitution model [GTR
(general time-reversible) + I (proportion of invariable sites) +
G (gamma distribution)] was selected as the best-fit model for
both SSU (1578 bp) and LSU (761 bp) alignments by
ModelTest 3.04 in conjunction with PAUP*4.0b10. The
models TIM2 + I+ G and GTR + I+ G were selected for SSU
and LSU by the jModelTest 2.1.10., respectively. Because the
model TIM2 + 1+ G cannot be implemented in Geneious 10.2.


http://www.geneious.com
http://www.geneious.com
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Fig. 2 Sabatieria articulata sp.
nov. a Entire male; b entire female.
Scale bar = 240 um
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d Fig. 3 Sabatieria articulata sp. nov. Light micrographs. a Surface view
of female anterior body region showing cuticle punctations, amphids and
cephalic sensilla; b Optical cross-section of female anterior body region
showing the buccal cavity; ¢ sperm; d vulva. Scale bar: a and b = 20 pm,
¢=70 um, d =37 um

6, the most similar model GTR + 1+ G was used instead
(Huelsenbeck and Ronquist 2001), which is presumed to have
minimal impact on tree topology. The trees were run with a
chain length of 1,100,000, and a burn-in length of 100,000.
The perimeter files from multiple runs were inspected for chain
convergence in Tracer 1.5 (Rambaut and Drummond 2007),
and the trees were edited in FigTree v1.4.2 (http:/tree.bio.ed.
ac.uk/software/figtree) and PowerPoint. These analyses were
also conducted with PhyML 3.0 using the default settings in
Geneious 10.2.6. The substitution model GTR, the NNI
(default, fast) topology search, and 1000 bootstrap replicates
(Guindon et al. 2010) were selected for building the tree.

Results
Systematics
Family Comesomatidae Filipjev, 1918

Subfamily Sabatieriinae Filipjev, 1934
Genus Sabatieria Rouville, 1903

Diagnosis (modified from Jensen (1979) and Rosli
et al. (2014)) Cuticle usually punctated, sometimes with
lateral differentiation of larger or irregular punctations; in
rare cases cuticle may appear striated or smooth. Four
cephalic setae longer than the six outer labial setae.
Anterior buccal cavity globular to cup-shaped, posterior
buccal cavity narrow; small teeth-like structure sometimes
present at the base of the anterior buccal cavity. Spicules
usually short and arcuate; gubernaculum with dorso-
caudal or caudal apophyses.

Type species Sabatieria cettensis Rouville, 1903

Remarks

The genus was originally described by Rouville (1903). A
list of all 69 valid Sabatieria species was recently provided by
Rosli et al. (2014). The latter authors also described Sabatieria
dispunctata Rosli, Leduc & Probert, 2014. Sabatieria
megadena Leduc, 2017 was subsequently described by
Leduc (2017).

Sabatieria articulata sp. nov. Fu & Leduc

(Table 1, Figs. 1, 2, 3, 4, and 5)

Material examined Holotype male (NIWA 115471), two
paratype males, and one paratype females (NIWA 115472 and
115473) deposited in the NIWA Invertebrate Collection
(Wellington). One paratype male and one paratype female
(NNCNZ 3319) deposited in the National Nematode

Fig. 4 Sabatieria articulata sp. nov. Light micrograph. Posterior half of right spicule showing position of joint (arrow). Scale bar = 10 pm
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Fig. 5 Sabatieria articulata sp. nov. Scanning electron micrographs. a male anterior body region; b male posterior body region showing protruding
spicules; ¢ lateral fields at level of cloaca showing cuticle punctations; d detail of protruding spicules. Scale bar: aand ¢ = 15 um, b =50 um, d =25 pm

Collection of New Zealand (Auckland). All specimens col-  South Island, at three sampling stations: TAN1708/83 (586 m
lected on 11 September 2018. water depth; 42.6643 °S, 173.5857 °E), TAN1708/80 (570 m

Type of habitat and locality Subsurface (1-5 cm) muddy = water depth; 42.6108 °S, 173.5822 °E), and TAN1708/87
sediments, Conway Trough, off east coast of New Zealand’s (491 m water depth; 42.7250 °S, 173.6012 °E).
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Table 2 Morphometrics (pm,
mean (range)) of Hopperia Male holotype Male paratype Female paratypes
novazelandica sp. nov. from
Conway Trough n 1 1 6
L 2648 2514 2414 (2146-2599)
a 28 26 26 (23-29)
b 8 8 8 (8-9)
c 16 17 14 (13-15)
¢’ 29 2.6 3.1(2.8-3.3)
Head diam. at cephalic setae 14 13 15 (15-16)
Length of cephalic setae 3 3 4 (3-5)
Amphid height 13 12 11 (10-11)
Amphid width 11 10 10 (8-11)
Amphid width/cbd (%) 61 56 49 (40-59)
Amphid from anterior end 6 6 7 (6-8)
Nerve ring from anterior end 150 150 131 (100-159)
Nerve ring chd 67 66 64 (55-72)
Excretory pore from anterior end 156 155 149 (138-160)
Pharynx length 313 317 292 (276-314)
Pharynx diameter at the base 51 51 47 (40-55)
Pharynx cbd 83 82 82 (69-86)
Max. body diam. 95 95 93 (75-104)
Spicule length 140 129 -
Gubernacular apophyses length 33 26 -
Cloacal/anal body diam. 57 56 56 (52-60)
Tail length 164 145 172 (157-189)
1% - - 1104 (993-1216)
%V - - 46 (44-48)
Vulva body diam. - - 86 (66-103)

Etymology The species name is derived from the latin term
articulus (= joint, knuckle) and refers to the jointed spicules of
this species.

Diagnosis

Sabatieria articulata sp. nov. is characterized by body
length 1758-2177 um, cuticle with lateral differentiation of
irregularly spaced and conspicuously larger dots, walls of the
anterior buccal cavity slightly cuticularized with small teeth-
like projections at the base, spiral amphids with three turns,
tail 3.6-3.7 cloacal body diameters long in males and 5.2-5.3
anal body diameters long in females. Males with slightly bent
and jointed spicules, straight dorso-caudal apophyses, and 10—
14 minute, pore-like precloacal supplements, and females
with vulva located slightly anterior to mid-body.

Description

Males

Colorless cylindrical body, narrowing gradually towards
both extremities. Cuticle with transverse rows of punctuations
starting from level of amphid to near tail tip. Lateral differen-
tiation consisting of irregularly spaced, conspicuously larger
dots, most conspicuous in pharyngeal and cloacal regions.
Cuticle striations visible on cuticle surface using scanning

electron microscopy but not light microscopy. Eight longitu-
dinal rows of sparse somatic setae, 3—4 pum long. Cephalic
region with distinct constriction at the level of cephalic setae.
Anterior sensilla in three separate circles; six inner labial pa-
pillae on lip region, six outer labial papillae, and four cephalic
setae, 0.3—0.4 cbd long. Subcephalic setae absent. Amphideal
fovea and aperture spiral, with three turns, located immediate-
ly posterior to cephalic setae. Anterior buccal cavity cup-
shaped, 3—4 um deep, with lightly cuticularized walls and
small, teeth-like projections at the base. The pharynx sur-
rounds half of the anterior buccal cavity, broadens gradually
posteriorly and forms a weak posterior bulb. Marginal tubes of
the pharynx conspicuous, originating from the base of the
buccal cavity and extending to the cardia. The cardia short,
not surrounded by pharyngeal tissue. Nerve ring near middle
of the pharynx. Excretory pore located slightly posterior to
nerve ring. Ventral gland prominent, at level of the cardia.
Reproductive system diorchic, with anterior outstretched
testis to the left of intestine and posterior outstretched testis
to the right of the intestine. Sperm cells globular or irregular,
8-13 um x 13-16 pum. Spicules slightly bent, 2.6-3.1 cloacal
body diameters long, with joint present at 45% of spicules
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Fig. 6 Hopperia novazelandica sp. nov. a Male anterior body region; b female anterior body region; ¢ male pharyngeal region; d female reproductive
system; e male posterior body region; f female posterior body region. Scale bar: a and b = 30 um, ¢ = 85 um, d = 140 um, e = 50 um, f= 75 um
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Fig.7 Hopperia novazelandica sp. nov. Entire male. Scale bar = 150 pm

length from the proximal end; central lamella present in prox-
imal half of spicule. Gubernaculum with straight dorso-caudal
apophyses. Ten to 14 minute, pore-shaped precloacal supple-
ments; seven posterior-most supplements evenly spaced, then
situated gradually further apart anteriorly. Precloacal seta not
observed. Tail conico-cylindrical, with cylindrical part about
one third of the total tail length; two subdorsal, two subventral,
and four sublateral rows of short caudal setae, 4—6 um long,
and three longer terminal setae, 68 pm long.

Females

Similar to males, but with slightly longer tail. Reproductive
system didelphic, with anterior ovary to the left of intestine
and posterior ovary to the right of intestine. Spermatheca not
observed. Vulva slightly anterior to mid-body. Granular vag-
inal glands present, proximal portion of vagina uterina
surrounded by constrictor muscle.

Remarks

Sabatieria articulata sp. nov. belongs to the praedatrix
group, which is characterized by simple tubular or
pore-like precloacal supplements, straight gubernacular
apophyses, cuticle usually with lateral differentiation of
larger, more widely-spaced dots, and amphids usually
with three turns (Platt 1985). The new species differs
from all other species in this group, as well as all other
species from the genus, in having jointed spicules.
Sabatieria lyonessa Warwick, 1977 is the only other
species of the genus with spicules of similar length to
S. articulata sp. nov. (117 um and 2.1 cloacal body
diameters long versus 121-136 um and 2.6-3.1 cloacal
body diameters long in S. articulata sp. nov.) (Warwick
1977). Sabatieria articulata sp. nov. is also similar to
S. bubulba Leduc, 2013 in having lateral differentiation of
conspicuously larger dots and similar number of pore-like
precloacal supplements (8—11 versus 10-14 in S. articulata
sp. nov.). S. articulata sp. nov. differs from S. bubulba by
lower values of a (3859 versus 27-34 in S. articulata sp.
nov.), much longer spicules (4144 um versus 121-136 um
in S. articulata sp. nov.), and in lacking a conspicuous, elon-
gated posterior pharyngeal bulb (Leduc 2013).

Subfamily Dorylaimopsinae De Coninck, 1965.

Genus Hopperia Vitiello, 1969

Diagnosis (from Jensen (1979) and Leduc (2012)) Cuticle
with lateral differentiation of larger dots, sometimes ar-
ranged irregularly or in transverse rows; posterior por-
tion of the buccal cavity cylindrical, with three thorn-
like teeth at border to anterior portion (except
H. hexadentata Hope & Zhang, 1995 which has six
teeth); ovaries usually outstretched, reflexed ovaries
sometimes present; spicules arcuate; gubernaculum with
caudal or dorso-caudal apophyses.

Type species Hopperia massiliensis Vitiello, 1969.

Remarks
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Fig.8 Hopperia novazelandica sp. nov. Light micrographs. a Surface view of male anterior body region; b vulva; ¢ optical cross-section of male anterior
body region; d male spinneret. Scale bar: a and ¢ =25 pm, b =28 pum, d = 18 um
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Fig. 9 Hopperia novazelandica sp. nov. Scanning electron micrographs.
a Lateral view of male anterior body region; b male anterior body region
showing mouth opening; ¢ lateral view of female cephalic region; d mid-

The genus was originally described by Vitiello (1969). A
pictorial key to all valid species of the genus was recently pro-
vided by Guo et al. (2015); the key however provides the wrong

body region of male showing cuticle striations. Scale bar: a and b =
20 pm, ¢ =6 um, d =22 pm

representation of H. massiliensis, which appears to have mistak-
enly been taken from drawings of the original description of
H. muscatensis Warwick, 1973.
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Table3  Morphometrics (1m) of Vasostoma hexodontium Rosli, Leduc
& Probert, 2014 from Conway Trough

Male Females
n 1 2
L 2318 2014, 2235
a 31 30, 32
b 7 6,7
c 10 10
¢’ 3.7 45
Head diam. at cephalic setae 14 14
Length of cephalic setae 4 5
Amphid height 11 10, 12
Amphid width 10 8,10
Amphid width/cbd (%) 62 48, 67
Amphid from anterior end 7 6
Nerve ring from anterior end 154 122,162
Nerve ring chd 57 48, 52
Excretory pore from anterior end 171 184, 185
Pharynx length 337 309, 350
Pharyngeal diam. at base 37 34,36
Pharynx cbd 72 53, 69
Max. body diam. 74 64, 74
Spicule length 98 -
Gubernacular apophyses length 41 -
Cloacal/anal body diam. 62 46-49
Tail length 226 207,221
14 - 946, 1014
DV - 45,47
Vulva body diam. - 66, 77

Hopperia novazelandica sp. nov. Fu & Leduc.

(Table 2, Figs. 6, 7, 8, and 9)

Material examined Holotype male (NIWA 115474),
one paratype male and three paratype females (NIWA
115475) deposited in the NIWA Invertebrate Collection
(Wellington). One paratype female (NNCNZ 3320) de-
posited in the National Nematode Collection of New
Zealand (Auckland). All specimens collected on 11
September 2018.

Type habitat and locality Subsurface (1-5 cm) muddy
sediments, 586 m water depth, Conway Trough, off east coast
of New Zealand’s South Island (42.6643 °S, 173.5857 °E).

Etymology The species name is derived from the type
locality.

Diagnosis

Hopperia novazelandica sp. nov. is characterized by rela-
tively stout body 21462648 pum long, inner labial papillae
slightly larger than the outer labial papillae, cephalic setae
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0.2-0.3 cbd long, amphideal fovea with 3.0 turns in males
and 2.25-2.5 turns in females, the buccal cavity with three
teeth, spicules 129-140 pum (2.3-2.5 cloacal body diameters)
long with central cuticular projection extending one third of
spicule length from proximal end, precloacal seta and 19
precloacal supplements present, and conico-cylindrical tail
with swollen tip and three terminal setae.

Description

Males

Body cylindrical, relatively stout, narrowing slightly to-
wards anterior region. Cuticle with lateral rows of punctations
from level of amphid to near tail tip; lateral differentiation
consisting of larger, irregularly distributed dots from about
10 um posterior to amphids. Cuticle striations visible on cu-
ticle surface using scanning electron microscopy but not light
microscopy. Somatic setae scarce, irregularly spaced, 2 um
long. Cephalic region set off by a constriction at level of ce-
phalic setae. Anterior sensilla arranged in three circles; six
inner labial papillae, six slightly shorter outer labial papillae,
four cephalic setae, 0.2—0.3 cbd long. Amphideal fovea spiral,
with 3.0 turns, located just posterior to cephalic setae. Anterior
portion of the buccal cavity cup-shaped, with slightly
cuticularized walls; posterior portion of the buccal cavity cy-
lindrical, strongly cuticularized, ca. 20 um deep, 3—5 pum
wide. Three strongly cuticularized teeth situated at junction
between the two portions of the buccal cavity; half to two
thirds of the buccal cavity surrounded by pharyngeal tissue.
The pharynx widens gradually posteriorly without forming a
true bulb. Marginal tubes visible, extending from the base of
the posterior buccal cavity to the cardia. The cardia small,
surrounded by intestinal tissue. Nerve ring near middle
of the pharynx. Secretory-excretory pore located slightly
posterior to nerve ring; ventral gland situated at level of
the cardia.

Reproductive system diorchic, with anterior outstretched
testis to the left of intestine and posterior outstretched testis
to the right of intestine. Sperm cells globular or oval shaped,
9-20 pm x 6-18 um. Spicules paired, equal, 2.3-2.5 cloacal
body diameters long, curved, strongly cuticularized, slightly
swollen proximally, with conspicuous central cuticular projec-
tion (lamella) extending one third of spicule length from prox-
imal end. Gubernaculum weakly cuticularized with dorsal-
caudally directed apophyses. One precloacal seta present,
2 um long; approximately 19 fine tubular precloacal supple-
ments present. Tail conico-cylindrical with distinctly swollen
tip and three terminal setae, 3—5 pwm long. Three caudal glands
and spinneret present.

Females

Similar to males, but with slightly smaller ratio of ¢ and
slightly smaller amphids with fewer (2.2-2.5) turns.
Reproductive system didelphic, with anterior ovary to the left
of intestine and posterior ovary to the right of intestine.
Spermatheca not observed. Vulva slightly anterior to mid-
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Fig. 10 Vasostoma hexodontium Rosli, Leduc & Probert, 2014. Scanning electron micrographs. a Anterior body region of male; b female cephalic
region; ¢ mouth opening of female showing protruding teeth. Scale bar: a and b = 10 um, ¢ = 6 um

body. Granular vaginal glands present, proximal portion of
vagina uterina surrounded by constrictor muscle.

Remarks

Hopperia novazelandica sp. nov. resembles H. muscatensis
Warwick, 1973 and H. hexadentata Hope & Zhang, 1995 in
having relatively long spicules (>2.0 cloacal body diameters
long) and a conico-cylindrical tail. The new species differs from
H. muscatensis in having a lower ratio of a (31-44 versus 23—
29 in H. novazelandica sp. nov.), a shorter tail (3.9—4.0 versus
2.6-3.3 anal/cloacal body diameters in H. novazelandica sp.
nov.) with conspicuously swollen tip (versus tail tip not swol-
len in H. muscatensis), a longer pharynx (215-260 pm versus
276-317 um in H. novazelandica sp. nov.), and longer spic-
ules (87 wm versus 129—140 um in H. novazelandica sp. nov.)

(Warwick 1973). Hopperia novazelandica sp. nov. can be
most easily differentiated from H. hexadentata by the number
of teeth in the buccal cavity (six versus three teeth in
H. novazelandica sp. nov.) (Hope and Zhang 1995).

Genus Vasostoma Wieser, 1954

Diagnosis (from Wieser (1954) and Rosli et al. (2014))
Cuticle punctated, without lateral differentiation. Anterior sen-
silla in three distinct circles. Posterior portion of the buccal
cavity cylindrical to conical, provided with three or six trian-
gular teeth at border with anterior portion. Spicules curved or
arcuate. Gubernaculum apophyses usually directed caudally,
occasionally dorso-caudally. Supplements sometimes present.

Type species Vasostoma spiratum Wieser, 1954
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100/100 | FJ040462 Axonolaimus sp. 3
68/56 AY854231 Ascolaimus elongatus }' o
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LT601511 Setosabatieria sp. Portugal = 53
100/100 AM234626 Sabatieria celtica England @
AM236043 Setosabatieria hilarula England
AY854234 Sabatieria celtica England
871881 AY854240 Setosabatieria hilarula England
10% 87/80 KX944160 Setosabatieria sp. Portugal
\ AY854235 Sabatieria punctata England
\‘_‘ FAY854238 Sabatieria sp. England
LT577974 Sabatieria sp.3 South Georgia
1 —— LT577967 Sabatieria sp.2 Weddell Sea
- LT577954 Sabatieria sp.1 South Georgia
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— GU937767 Pierrickia sp. Taiwan o
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fMKﬂﬁ 430 Vasostoma hexodontium New Zealand
100/100 56/- KX944151 Paracomesoma sp. Portugal
AY854237 Sabatieria punctata England
100/98| Ay854239 Sabatieria sp. England
gaez | 28/64 AM234623 Sabatieria pulchra England
~N KX944159 Sabatieria sp. Portugal
LT703342 Sabatieria mortenseni Mediterranean
LT703358 Sabatieria mortenseni Mediterranean
LT703347 Sabatieria mortenseni Mediterranean
LT703372 Sabatieria mortenseni Mediterranean
0.02 50/- FJ040466 Sabatieria pulchra Netherlands ) )
- LK054716 Dorylaimopsis punctata Cuba —

Fig. 11 Bayesian tree inferred from SSU sequences of the family
Comesomatidae and Axonolaimidae (outgroup), aligned using the
Clustal alignment algorithm under the general time-reversible (GTR)+
gamma distribution (G) model. Posterior probabilities (left) and bootstrap

Vasostoma hexodontium Rosli, Leduc & Probert, 2014

(Table 3, Fig. 10)

Material examined One male and two females (NIWA
115476), collected on 11 September 2018. Subsurface (1—
5 cm) muddy sediments, 586 m water depth, Conway
Trough, off east coast of New Zealand’s South Island
(42.6643 °S, 173.5857 °E).

Description

Males

Body cylindrical, narrowing gradually towards both ex-
tremities. Cuticle with transverse rows of punctations without
lateral differentiation; surface of cuticle smooth when viewed
using scanning electron microscopy. Somatic setae scattered.
Six inner labial papillae, six slightly smaller outer labial pa-
pillae, and four cephalic setae, 0.3—0.4 cbd long. Cephalic
region with slight constriction at level of cephalic setae. The
buccal cavity ca. 30 um deep, with cup-shaped anterior por-
tion and heavily cuticularized conical posterior portion; six
strongly cuticularized triangular teeth at junction between
the two portions of the buccal cavity. Amphideal fovea spiral
with 3.0 turns. The pharynx surrounds posterior half of the
buccal cavity; junction of the pharynx and the buccal cavity
wall sometimes visible as distinct line surrounding the buccal
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values (right) from the ML analyses greater than or equal to 50% are
given on appropriate clades. Dashes (—) indicate less than 50% support.
Localities of each sequence are underlined. The scale stands for substitu-
tions per site

cavity. The pharynx muscular, gradually widening posteriorly
but not forming true bulb. The cardia small. Nerve ring near
the middle of the pharynx. Excretory pore slightly posterior to
nerve ring.

Male reproductive system diorchic with anterior outstretched
testis to the left of intestine and posterior outstretched testis to the
right of the intestine. Spermatozoa oval shaped, 7-19 um x 6—
9 um. Three pairs of ejaculatory glands on either side of vas
deferens; rectal gland present. Spicules paired, equal, arcuate,
1.6 cloacal body diameters long, strongly cuticularized.
Gubernaculum strongly cuticularized with straight dorso-
caudal apophyses. Fourteen tubular precloacal supplements.
Three cloacal glands present; conico-cylindrical tail with
three caudal glands and three terminal setae, 4 um long.

Females

Similar to male. Reproductive system didelphic, with ante-
rior ovary to the left or right of intestine and posterior ovary to
the right of intestine. Spermatheca present. Vulva slightly an-
terior to mid-body. Granular vaginal glands present, proximal
portion of vagina uterina surrounded by constrictor muscle.

Remarks

Our specimens are in good agreement with the orig-
inal description of V. hexodontium by Rosli et al. (2014)
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Fig. 12. Bayesian tree inferred from D2-D3 of LSU sequences of the
family Comesomatidae and Axonolaimidae (outgroup), aligned using
the Clustal alignment algorithm under the general time-reversible
(GTR)+gamma distribution (G) model. Posterior probabilities (left) and
bootstrap values (right) from the ML analyses greater than or equal to

based on specimens from a submarine canyon on the
Southern Hikurangi Margin, New Zealand. The main
difference is that we did not observe a cuticularized
pointed structure at the base of the cuneus. Our scan-
ning electron microscopy observations show that the
outer cuticle surface of this species is smooth, and that
the inner labial papillae are slightly larger than the outer
labial papillae.

Molecular phylogenetic relationships

The Comesomatidae formed a well-supported monophy-
letic group in the SSU consensus tree (100% posterior
probability and bootstrap support; Fig. 11). One well-
supported clade comprised a number of Sabatieria and
Setosabatieria Platt, 1985 species from England and
Portugal (100% posterior probability and bootstrap sup-
port), indicating that these two genera are not monophy-
letic. A moderately to well-supported clade comprised
Sabatieria species from England, Portugal, the
Netherlands, and the Mediterranean (97% posterior
probability and 78% bootstrap support). Relationships
among the remaining species and genera, including the
species from Conway Trough, could not be resolved.

It was not possible to obtain a D2-D3 of LSU se-
quence for Vasostoma hexodontium; therefore, analyses

100/100 [JX51 2279 Sabatieria praedatrix Vietnam
97/88 JX512281 Sabatieria doancanhi Vietnam

100/100 JX040634 Dorylaimopsis halongensis Vietnam

KC755203 Sabatieria celtica Germany

KC755204 Sabatieria sp. 8 Germany

MK161431 Hopperia neozelandica n. sp. New Zealand

MK161432 Sabatieria articulata n. sp. New Zealand

JX497764 Dorylaimopsis tumida Vietnam
LT703404 Sabatieria mortenseni Atlantic (Gulf of Guinea)

KC755198 Sabatieria sp. 3 Germany

KC755199 Sabatieria sp. 4 Germany

KC755200 Sabatieria sp. 5 Germany

KC755201 Sabatieria sp. 6 Germany

KC755202 Sabatieria sp. 7 Germany

GUO003903 Sabatieria sp. California

KC755196 Sabatieria sp. 1 Germany

KC755197 Sabatieria sp. 2 Germany

LT703374 Sabatieria mortenseni Mediterranean

LT703387 Sabatieria mortenseni Mediterranean

100/83(; LT703381 Sabatieria mortenseni Mediterranean

100/100' LT703396 Sabatieria mortenseni Mediterranean

JX512278 Paracomesoma lissum Vietnam

N P W R

JX512280 Hopperia dolichura Vietnam

B A

NERN P

aeprewosawo)

!

50% are given on appropriate clades. Dashes (—) indicate less than 50%
support. The locality of each Comesomatidac sequence is underlined.
Comesomatid subfamilies are identified by the numbers 1
(Sabatieriinae), 2 (Dorylaimopsinae), and 3 (Comesomatinae) on the
right-hand side of the tree. The scale stands for substitutions per site.

only included Sabatieria articulata sp. nov. and
Hopperia novazelandica sp. nov. The Comesomatidae
sequences formed a monophyletic clade with moderate
support (72% posterior probability and 63% bootstrap
support) in the consensus tree (Fig. 12). None of the
three comesomatid subfamilies (Comesomatinae,
Dorylomaispinae and Sabatieriinae) and none of the
genera represented by more than one sequence (i.e.,
Sabatieria, Hopperia, and Dorylaimopsis Ditlevsen,
1918) were monophyletic. Sabatieria articulata sp.
nov. and Hopperia novazelandica sp. nov. sequences
were grouped together (96% posterior probability and
78% bootstrap support) and formed a moderately to
well-supported clade with Dorylaimopsis tumida
Gagarin & Nguyen Vu Thanh, 2006a (100% posterior
probability and 80% bootstrap support). There was a
tendency for species and genera from the same geo-
graphical location to be grouped together, such as
Sabatieria praedatrix de Man, 1907, Sabatieria
doancanhi Nguyen Dinh Tu, Nguyen Vu Thanh,
Smol & Vanreusel, 2008, Dorylaimopsis halongensis
Nguyen Dinh Tu, Nguyen Vu Thanh, Smol &
Vanreusel, 2008 and Hopperia dolichura Gagarin &
Nguyen Vu Thanh, 2006b from the coast of Vietnam,
and S. articulata sp. nov. and H. novazelandica sp. nov. from
New Zealand.
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Discussion

Sabatieria articulata sp. nov. is the only species of the genus
with jointed spicules. Within the family, similar spicules are
also found in some Dorylaimopsis species (Fonseca and
Bezerra 2014). In the latter genus, spicule shape is highly var-
iable and can be arcuate, sinusoid, slightly curved, or jointed.
The occurrence of variable spicule shape in both Dorylaimopsis
and Sabatieria indicates that this character is not informative for
differentiating among genera of the family Comesomatidae.

Comesomatid species and genera from the same
geographical location tended to be grouped together in our
D2D3 of LSU phylogenetic analyses. The latter also
suggested that the genera Sabatieria, Dorylaimopsis, and
Hopperia are not monophyletic. Jensen (1979) hypothesized
that Sabatieria (Sabatieriinae) is the base group from which
other comesomatids evolved. This hypothesis is consistent with
the fact that Sabatieria is by far the most species-rich genus of
the family (> 70 species), and is supported by the topology of
the D2-D3 of LSU tree where a Sabatieria sequence is the most
divergent sequence of the family. These findings suggest that
features that characterize the genera Hopperia and
Dorylaimopsis, such as a the buccal cavity with teeth and an
expanded posterior portion, have evolved multiple times inde-
pendently, possibly from a Sabatieria-like ancestor. This hy-
pothesis, however, will have to be tested using more compre-
hensive molecular datasets.

Phylogenetic analyses of SSU sequences could not resolve
relationships among most of the comesomatid taxa, except for
sequences of the Sabatieria mortenseni species complex from
the Mediterranean and the Atlantic and other closely related
species (De Groote et al. 2017). In addition, Sabatieria
punctata sequences were located in different parts of the
SSU tree, indicating the presence of unsuspected cryptic spe-
cies or that the specimens were misidentified. Overall, our
analyses indicate that SSU sequences cannot resolve relation-
ships among genera and subfamilies of the family
Comesomatidae. Phylum-wide phylogenetic analyses based
on the small subunit 18S rDNA gene also tend to result in a
poor separation between the Araeolaimida and Monhysterida
(e.g., Meldal et al. 2007; Holterman et al. 2008), indicating a
limited ability of SSU sequences to resolve deep relationships
within and between these two orders.
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