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Abstract A new nematode species, Africanema multipapillatum
sp. nov., is described from a sand beach in the East China Sea. The
new species is assigned to the family Trefusiidae based on both the
morphological and molecular analyses. Africanema
multipapillatum sp. nov. is a distinct species characterized by its
toothless and spacious buccal cavity, jointed labial setae, non-
spiral and elongate groove-shaped amphidial fovea, faintly striat-
ed cuticle, and a single posterior ovary. Within the family
Trefusiidae, the new species is most similar to the monotypic
genus Africanema, but differs distinctly from Africanema
interstitiale by the long and curved spicules with gubernaculum
apophysis, long and slim sperm cells, and the lack of pharyngeal
papillate supplements. Molecular phylogenetic analyses indicate
that Africanema multipapillatum sp. nov. and the genera
Rhabdocoma and Trefusia always fell within a single clade of
the family Trefusiidae, where it is closely related to
Rhabdocoma. Thus, we propose assigning the genus
Rhabdocoma from the subfamily Trefusiinae to the subfamily
Halanonchinae.
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Introduction

The taxonomic status of Trefusiidae Gerlach, 1966 has long
been a controversial issue. Lorenzen (1981) elevated the fam-
ily Trefusiidae to the order Trefusiida Lorenzen, 1981 which,
however, was not accepted because of the lack of
synapomorphic characters (Vincx and Furstenberg 1988).
Trefusiidae is now considered as a member of the order
Enoplida Filipjev, 1929, which is supported by morphological
(Andrassy 1983; De Coninck 1965; Filipjev 1934) and mo-
lecular data (Bik et al. 2010; Holterman 2008; Rusin et al.
2001; van Megen et al. 2009). Morphological (Siddigi 1983)
and molecular analyses (Bik et al. 2010) indicate that
Trefusiidae is closely related to Tripyloididae Filipjev, 1918,
differing from the latter by the cephalic setae widely separated
from the six outer labial setae, the two testes, and the lack of
teeth in the buccal cavity.

The family Trefusiidae contains two subfamilies,
Halanonchinae Wieser & Hopper, 1976 and Trefusiinae
Gerlach, 1966 (Gerlach and Riemann 1974). Halanonchinae
now contains two genera, Halanonchus Cobb, 1920 and
Africanema Vincx & Furstenberg, 1988, both of which are
monodelphic. Among the three genera, Rhabdocoma Cobb,
1920, Trefusia de Man, 1893, 1920, and Trefusialaimus
Riemann, 1974 are contained in the subfamily Trefusiinae
(Vanaverbeke 2015), Rhabdocoma is monodelphic, while
the other genera are didelphic. Rhabdocoma is likely a mem-
ber of Halanonchinae based on the presence of a single ovary.
However, no molecular data are available for the phylogenetic
analysis of Halanonchinae.
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So far, the full scope of nematodes diversity in the sea areas
of China is largely unknown due to insufficient investigations.
During the examination of free-living nematode diversity in
the East China Sea, we discovered a peculiar species of the
order Enoplida. Based on the morphological and molecular
analyses, we assign the species to the family Trefusiidae
Lorenzen, 1981, where it is most similar to the monotypic
genus Africanema Vincx & Furstenberg, 1988. The partial
18S rDNA sequences obtained from the new species make it
possible to discuss, for the first time, the phylogenetic position
of the genus Africanema and the subfamily Halanonchinae, as
well as their relationship with the genus Rhabdocoma.

Materials and methods
Sampling and morphological analyses

Sediment samples were collected from the Dasha’ao Beach
(27° 27.76' N, 121° 3.48' E) in the Nanji Islands National
Marine Natural Reserve in the East China Sea. Samples were
fixed with formalin (5% final concentration) in filtered sea
water. The fixed samples were stained with 0.1% Rose
Bengal for 12 h and subsequently rinsed on a 500-um sieve
to remove large particles and on a 31-pum sieve to retain
meiofauna. Nematodes retained on the 500-pm sieve were
checked under a stereoscopic microscope and retrieved from
the sieve, if present. Meiofauna were extracted from the re-
maining sediments using Ludox HS-40 by centrifugation and
sorted to higher taxa under a stereoscopic microscope.
Nematodes were transferred to 9:1 (v/v) solution of 50%
alcohol-glycerol in a cavity block to slowly evaporate to pure
glycerol, and then mounted into permanent slides.

Species descriptions were made from glycerol mounts
(Platt and Warwick 1983) using a differential interference con-
trast microscope (Nikon E80i). Line drawings were made with
the aid of a drawing device. Type specimens have been de-
posited in the Marine Biological Museum of the Chinese
Academy of Sciences, Qingdao, China. All measurements
are in um, and all curved structures are measured along the
arc. The terminology used for describing the arrangement of
morphological features follows Coomans (1979).

Abbreviations used in the paper are as follows: L = body
length; T = tail length; abd = anal body diameter;
mbd = maximum body diameter; a = L/mbd; b = L/pharynx
length; ¢ = L/T; ¢’ = T/abd; V = distance from anterior end to
vulva; and V% =V x 100/L.

DNA extraction, amplification, and sequencing
Sediment samples for molecular analyses were fixed with

100% ethanol. Nematodes were extracted from sediments by
decantation. Ten specimens of the nematode species were
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picked out to extract genomic DNA. Each specimen was
mounted in temporary slides for morphological identification
before the DNA extraction. Total genomic DNA was extracted
from a single specimen using the TIANamp Marine Animals
DNA Kit (TTANGEN Biotech Co., Ltd., China), following the
manufacturer’s instructions. Partial sequences of 18S rDNA
were amplified by primers G18S4 (5'-GCTTGTCTCAAAGA
TTAAGCC-3') and 26R (5-CATTCTTGGCAAATGCTTTG
C-3"), 22F (5'-TCCAAGGAAGGCAGCAGGC-3') and 13R
(5'-GGGCATCACAGACCTGTTA-3"), and 24F
(AGRGGTGAAATYCGTGGACC-3') and 18P (5'-TGAT
CCWMCRGCAGGTTCAC-3") following Blaxter et al.
(1988). The 25-uL polymerase chain reaction (PCR)
contained 12.5 uL Q5 Master Mix (New England Biolabs,
USA), 8.5 uL water, 1 pL each of the forward and reverse
primers, and 2 pL of DNA template. The thermal cycling
program was as follows: denaturation at 98 °C for 30 s,
followed by 35 cycles of denaturation at 98 °C for 10 s, an-
nealing at 53 °C for 30 s, and extension at 72 °C for 30 s. A
final extension was performed at 72 °C for 2 min. Sequencing
reactions were conducted by the professional company
TSINGKE Biological Technology Co., Ltd. (Qingdao,
China) with the original PCR primers.

Sequence alignment and phylogenetic analyses

Only partial sequences of 18S rDNA (1275 bp) were success-
fully amplified. The DNA sequences were deposited in
GenBank under the following accession numbers:
KY421345 and KY421346. A total of 29 sequences of the
families of Trefusiidae and Tripyloididac were downloaded
from GenBank. The newly obtained sequences were aligned
with the downloaded sequences by ClustalW multiple se-
quence alignment with default parameters using BioEdit ver-
sion 7.1.3.0 (Hall 1999; Thompson et al. 1994). jModelTest2
(Darriba et al. 2012) was used to select the best Akaike infor-
mation criterion (AIC) model. Bayesian inference (BI) and
maximum likelihood (ML) analyses were conducted with
MrBayes version 3.2.2 (Ronquist et al. 2012) and RaxML
version 8.2.9 (Stamatakis 2014) on the CIPRES Gateway
(Miller et al. 2010). Trees were edited in FigTree version
1.4.3 (http://tree.bio.ed.ac.uk/software/figtree). Two
sequences Trichodorus primitivus AJ439517 and Tobrilus
gracilis AJ966506 of the closely related order Tripylonchida
were used as outgroups in the phylogenetic analyses.

Results

Order Enoplida Filipjev, 1929
Family Trefusiidae Lorenzen, 1981
Subfamily Halanonchinae Wieser & Hopper, 1976
Genus Afiicanema Vincx & Furstenberg, 1988


http://tree.bio.ed.ac.uk/software/figtree
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Type species:Africanema interstitiale Vincx & Furstenberg,
1988 (=Africanema interstitialis Vincx & Furstenberg, 1988).

Note: Vincx and Furstenberg (1988) did not mention the
etymology of Africanema interstitialis when they established
the genus and species. The grammatical gender of Africanema
should be neutral because it is a composite of the location
Africa and the Greek noun nema. Thus, the ending of the
specific name inferstitialis should be changed to interstitiale
to match the gender (neutral) of the generic name.

Emended Diagnosis of Afiicanema (based on Vincx and
Furstenberg 1988 and the present description)

Cuticle striated. Anterior sensilla clear separated in three cir-
cles, outer labial setae jointed, inner labial setac and cephalic setae
may be jointed. Amphidial fovea elongate. Pharyngeal supple-
ments maybe present. Many papillate precloacal supplements.
Gubernaculum may be present. Two opposed testes. Only a single
posterior reflexed ovary. Vulva situated at anterior portion of body.

Africanema multipapillatum sp. nov.

Figs. 1, 2, 3, and 4; Table 1

Diagnosis

Body long and slender, 1998-2750 um long. Cuticle faintly
striated. Head slightly set-off. Six inner labial setae stout and
jointed. Six outer labial setae long, thick, and jointed. Four
cephalic setae at the base of the buccal cavity, shorter than
outer labial setae. Buccal cavity toothless, cylindrical and spa-
cious, strongly sclerotized, with posterior half surrounded by
pharyngeal tissue. Amphidial fovea elongate groove-shaped
with transverse striation. Spicules strongly sclerotized and
curved. Gubernaculum strongly sclerotized with dorso-
caudally directed apophysis. About 13 papillate supplements.
Two opposed testes. Only a single posterior reflexed ovary.
Vulva situated at anterior fourth of body length. Tail slightly
conical-cylindrical.

Holotype
One male on slide NJ-20140513-33.
Paratypes

Nine males on slides NJ-20140513-31, -32, and -33, two fe-
males on slides NJ-20140513-33 and NJ-20160809, and one
juvenile on slide NJ-20140513-29.

Type locality and habitat

Intertidal sandy sediment in the Dasha’ao Beach ofthe Nanji Islands
in the East China Sea (27°27.76'N, 121° 3.48' E). The temperature
of interstitial water was about 22 °C and salinity at 28 during sam-
pling. The median particle diameter of sediment was about 612 pm
(coarse sand) and sediment organic matter content was about 2.5%.

Fig. 1 Africanema multipapillatum sp. nov. Male holotype (a—d) and a
female paratype (e—g). a Male head, showing the cylindrical and spacious
buccal cavity without teeth, the elongate amphidial fovea with transverse
straits, the jointed inner and outer labial setae, and the cephalic setae
situated at the base of the buccal cavity. b Posterior region of male,
showing the sclerotized spicule with dorso-caudally directed
gubernaculum apophysis, the 13 precloacal supplements, and the long
conical-cylindrical tail. ¢ Anterior region of male, showing the long and
cylindrical pharynx with smooth outline and the anterior testis reaching
the pharyngeal region. d Reproductive system of male, showing the
opposed testes with slim sperms and the shorter posterior testis. e
Female head, showing similar structure to the male holotype. f
Overview of a female specimen, showing the vulva (arrow) situated at
the anterior fourth of the body, the long vagina, a single posterior reflexed
ovary, a large spermatheca, and the short and rounded tail. g Large
spermatheca filled with slim sperms. Scale bars: a—e, g = 30 um;
=100 um

Etymology
Composite of the Latin prefix multi (many) and the Latin

adjective papillatus (papillate), referring to the many papillate
precloacal supplements, a main feature of the species.

Description

Body long and slender, 1998-2750 um long (Table 1). Cuticle
faintly striated. Metanemes absent. Head slightly tapering, set-
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Fig. 2 Afiicanema
multipapillatum sp. nov. Male
holotype (a, b, e-g), female
paratypes (¢, d, i, j), and a male
paratype (h). a, b Male head,
showing the jointed inner and
outer labial setae, the slender
cephalic setae situated at the base
of the buccal cavity, the elongate
amphidial fovea, and the toothless
spacious buccal cavity with only
the posterior region surrounded
by pharyngeal tissue. ¢, d Female
head, showing similar structure to
the male holotype. e Precloacal
region of male with 13 papillate
precloacal supplements. f The
spermatheca is filled with slim
sperms. g Strongly sclerotized
spicule with dorso-caudally
directed gubernaculum
apophysis. h Overview of a male
paratype, showing the long and
slender body shape and the
conical-cylindrical tail. i
Reproductive system of female,
showing the long vagina (arrow),
large spermatheca filled with
sperms, and the single posterior
ovary (arrowhead). j Tail of
another female specimen,
showing the long conical-
cylindrical tail. Scale

bars = 30 um

off at the level of cephalic setae. Three lips. Six stout inner
labial setae, jointed with two segments. Six long outer la-
bial setae, jointed with three segments (Figs. la, e, 2a).
Four slender cephalic setae shorter than the outer labial
setae, located at the base of the buccal cavity, about 1.5
times the head diameter from the anterior end (Figs. la—e,
2a, d). Buccal cavity toothless, cylindrical and spacious,
with walls strongly sclerotized and only posterior half
surrounded by pharyngeal tissues (Figs. la, e, 2b, d).
Cephalic capsule absent. Amphidial fovea situated at the
base of the buccal cavity, elongate groove-shaped with
transverse striation (Figs. la—e, 2a, c). Cervical sctae
sparse. Pharynx cylindrical with smooth outline (Fig. lc,
f). Cardia triangular. Somatic setae absent.

Males. Spicules strongly sclerotized and curved, length
about two times the anal body diameter. Gubernaculum

@ Springer

strongly sclerotized with dorso-caudally directed apophy-
sis (Figs. 1d, 2e, g). About 13 papillate precloacal supple-
ments (Figs. 1b, 2¢). Two opposed testes situated on the
left side of intestine, with anterior testis longer and
reaching the base of the pharynx (Fig. lc, d). Sperm cells
slim (Figs. 1d, 2f). Tail about 10 abd long and conical-
cylindrical, terminal slightly swelling (Figs. 1b, 2h).

Females. Similar to male in body shape. One female
with a shorter and rounded (4.3 abd) tail (Fig. 1f), likely
due to fracture. Only a single posterior ovary, reflexed and
situated on the left side of intestine (Figs. 1f, 2i). Vulva
situated at anterior fourth of body, just posterior to pha-
ryngeal region (Fig. 1f). Vagina long and sclerotized.
Spermatheca large, filled with slim sperms (Figs. 1g, 2i).

Juvenile. Similar to male in body shape, without reproduc-
tive system.
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Fig. 3 Africanema
multipapillatum sp. nov. Another
female paratype. a Reproductive
system, showing the single
posterior reflexed ovary and the
cuticularized vagina. b Details of
the cuticularized vagina. ¢ The
conical-cylindrical tail. Scale
bars = 30 um

Molecular phylogenetic position

The BI and ML phylogenetic analyses closely support the
monophyly of both the families Trefusiidae and
Tripyloididae within the order Enoplida (Bayesian PP = 1,
bootstrap value percent = 100; Fig. 4). Africanema
multipapillatum sp. nov. is firmly supported as a member of
the family Trefusiidae (Bayesian PP = 1, bootstrap value per-
cent = 100), where it is always grouped with Rhabdocoma
with high support values (Bayesian PP = 0.90, bootstrap value
percent = 93), and are then clustered with Trefusia (Bayesian
PP = 1, bootstrap value percent = 100). Within the family
Tripyloididae, the genera Bathylaimus and Tripyloides are
likely paraphyletic.

Discussion

Africanema multipapillatum sp. nov. is characterized by the
long and jointed labial setae, the cephalic setae well separated from

outer labial setae, a large cylindrical and toothless buccal cavity,
elongate groove-shaped amphidial fovea, and a single posterior
ovary. These features match the diagnosis of the enoplid family
Trefusiidae (Leduc 2013). The familial assignment in Trefusiidae
is also strongly supported by the molecular phylogenetic analyses
(Fig. 4). At first glance, the new species resembles the genus
Chaetonema of the family Anoplostomatidae due to the presence
ofalarge and toothless buccal cavity and elongate amphidial fovea
(Smol and Coomans 2006; Smol et al. 2014. However, the pres-
ence of a single ovary in Afficanema multipapillatum refutes the
familial assignment to the family Anoplostomatidae, which pos-
sesses two ovaries (Smol and Coomans 2006; Smol et al., 2014).
Molecular analyses also showed that Chaetonema occupied a
clade within Enoploidea Dujardin, 1845 (Bik et al. 2010), while
the new species is a member of the family Trefusiidae with high
support values (Fig. 4).

Within the two subfamilies of Trefusiidae, Halanonchinae
contains only the genera Halanonchus and Africanema and is
characterized by possessing a large cylindrical buccal cavity
and a single posterior ovary (Vincx and Furstenberg 1988).
The subfamily Trefusiinae, which includes Rhabdocoma,
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HM564648 Bathylaimus sp.
HM564423 Bathylaimus sp.
1.00 HM564428 Bathylaimus sp.
HM564436 Bathylaimus sp.
AJ966476 Bathylaimus assimilis
931 FJ040504 Bathylaimus sp.
HMb564425 Bathylaimus sp.
HM564424 Bathylaimus sp.
HM564577 Bathylaimus sp. . ..
P HM564580 Bathylaimus sp. TrlpyI0|d|dae
HM564583 Bathylaimus sp.
2 HM564586 Bathylaimus sp.
HM564443 Tripyloides sp.
HM564405 Tripyloides sp.
HM564437 Tripyloides sp.
4q 100 .
1.00 AY854202 Tripyloides sp.
?'38 961 HM564476 Tripyloides sp.
—@ — KR265053 Tripyloides sp.
AY854201 Bathylaimus sp.
AF329937 Trefusia zostericola
HM564585 Trefusia sp.
HM564584 Trefusia sp.
| HM564582 Trefusia sp. N
HM564581 Trefusia sp. Trefusiinae
HM564578 Trefusia sp.
4 HMS564576 Trefusia sp. Trefusiidae
— HM564478 Trefusia sp.
0.90 Aficanema mutipapillatum sp. now.
HM564609 Rhabdocoma sp. Halanonchinae
100" HM564606 Rhabdocoma sp.
AJ439517 Trichodorus primitivus
_*— AJ966506 Tobrilus gracilis Outgroup

0.1
Fig. 4 Maximum likelihood (ML) tree of partial 18S rDNA sequences of
the families Trefusiidae and Tripyloididae. The numbers below branches
represent bootstrap support values in the ML analysis, the numbers above
branches represent Bayesian posterior probabilities (BPPs) for the same
clades found in the Bayesian inference (BI) analysis, the black dots on the

Trefusia, and Trefusialaimus, differs from Halanonchinae by
the possession of a minute or conical buccal cavity
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nodes represent BPPs in Bl analysis = 1 and bootstrap support values in
the ML analysis = 100. The scale bar represents the number of
substitutions per site. Two nematode species of the closely related order
Tripylonchida were used as outgroups: Trichodorus primitivus AJ439517
and Tobrilus gracilis AJ966506

(Vanaverbeke 2015; Vincx and Furstenberg 1988).
Trefusiinae is likely polyphyletic because the genus
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Table 1 Morphometrics

(measurements in pm) of Characters Holotype ~ Paratypes

Afiicanema multipapillatum sp.

nov. Males (n =9) Female 1 Female 2 Juvenile
Body length 2333 2100-2750 1998 3004 2083
Maximum body diameter 29 28-30 32 34 29
a 80.4 75-94.8 62.4 88 71.8
b 4.6 4453 43 5 4.1
c 8.5 6.9-8.2 20 8.3 7.8
e 9.8 11.5-12.6 43 13 9.9
Inner labial setae, length 4 4-5 5 5 5
Outer labial setae, length 15 14-17 15 15 15
Cephalic setae, length 9 8-10 11 11 13
Head diameter at outer labial setae 12 11-13 12 14 11
Head diameter at cephalic setae 18 1921 20 19 18
Outer labial setae to anterior end 5 5 5 5 5
Cephalic setae to anterior end 29 25-29 30 31 25
Ampbhideal fovea to anterior end 22 20-28 28 30 27
Amphideal fovea length 21 20-23 15 15 15
Amphideal fovea width 5 5-6 4 5 3
Buccal cavity length 25 23-29 31 23 26
Buccal cavity width 8 7-8 8 9 7
Nerve ring to anterior end 143 127-156 130 122 152
Pharynx length 510 463571 469 598 502
Anal body diameter 27 27-29 23 28 29
Vulva from the anterior end - - 530 705 -
V% - - 26.5 235 -
Supplements, number 13 13 - - -
Spicule length 52 50-55 - - -
Spicule length/abd 1.9 1.8-2 - - -
Gubernaculum length 21 19-24 - - -
Gubernaculum length/abd 0.8 0.7-0.9 - - -
Tail length 275 298-364 100 364 267

Rhabdocoma differs from the other members by possessing
only a single posterior ovary (vs. two ovaries), a character of
Halanonchinae. This is also shown by the ML and BI trees,
where the genus Rhabdocoma is closely related to
Africanema. Based on the morphologic and molecular char-
acterizations, we propose assigning the genus Rhabdocoma
from the subfamily Trefusiinae to the subfamily
Halanonchinae, despite its minute or conical buccal cavity
(vs. large cylindrical buccal cavity in Halanonchinae). The
shape of the buccal cavity should have less important taxo-
nomic significance than the number of ovaries at higher level
taxonomy.

Within Halanonchinae, the new species is most similar to
the monotypic genus Africanema in possessing elongate
groove-shaped amphidial fovea, striated cuticle, jointed outer
labial setae, cephalic setae situated at the posterior border of
the buccal cavity, and a short tail (Vincx and Furstenberg

1988), by which it differs distinctly from the genus
Halanonchus (with circular amphidial fovea). The new spe-
cies differs from the only species Africanema interstitiale
Vincx & Furstenberg, 1988 in the jointed inner labial setae
and cephalic setae (vs. smooth), longer and curved spicules
with gubernaculum apophysis (vs. shorter and almost straight
without gubernaculum), long and slim sperm cells (vs. oval),
longer tail about 10 times the anal body diameter (vs. 5-8),
and the lack of pharyngeal papillate supplements in males (vs.
possessing 12 supplements). These distinct differences justify
the establishment of the new species within the genus:
Africanema multipapillatum sp. nov.
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