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A new marine nematode, Catanema schiemeri sp. nov. 
(Desmodoroidea) with multiple prokaryotic symbionts

Jörg Ott, Philipp Pröts & Florian Scharhauser

A new species of Stilbonematinae (marine free-living nematodes with ectosymbiotic 
bacteria), Catanema schiemeri n. sp. is described from subtidal sand in the Northern 
Adriatic near Rovinj, Croatia. In addition to the obligate coat of ectosymbiotic Gam-
maproteobacteria large stalked sulfur bacteria are found attached to the anterior body 
region of about 25 % of the individuals. The new species is distinguished from its con-
geners by its size and a series of precloacal supplements in males.

Ott J., Pröts P. & scharhauser F., 2020: Eine neue Meeresnematode, Catane-
ma schiemeri sp. nov. (Desmodoroidea) mit multiplen prokarionten Symbionten.
Eine neue Art der Stilbonematinae (freilebende Meeresnematoden mit ektosymbio-
tischen Bakterien) aus dem sublitoralen Sand der Nordadria nahe Rovinj (Kroatien) 
wird beschrieben. Neben den obligaten ektosymbiotischen Gammaproteobakterien 
tragen etwa 25 % der Individuen große gestielte Schwefelbakterien auf ihrem vorde-
ren Körperabschnitt. Die neue Art unterscheidet sich durch ihre Größe und den Be-
sitz von präkloakalen Hilfsorganen bei den Männchen von den bisher beschriebenen 
Arten der Gattung.

Keywords: meiofauna, symbiosis, sulfur bacteria, intersex, Mediterranean Sea, North-
ern Adriatic, subtidal.

Introduction
A diverse epigrowth by bacteria and protozoans is common among the marine superfamily 
of Desmodoroidea. All representatives of the Stilbonematinae – a taxon presently classified 
as a subfamily of the family Desmodoridae – live in an obligate association with species 
specific chemoautotrophic Gammaproteobacteria covering all or the better part of their 
body surface (Zimmermann et al. 2016). The bacteria use the energy gained from oxidiz-
ing sulfide to fix inorganic carbon. The organic matter produced can be used as food by the 
host, which by migrating in the sediment provides its symbionts with the necessary access 
to electron donors and acceptors (Schiemer et al. 1990, Ott et al. 1991). Stilbonematinae 
occur worldwide in tropical to temperate shallow sands, and occasionally in deeper sandy 
habitats (Tchesunov et al. 2012, Leduc 2013).

Early descriptions do not mention the symbionts or misinterpret the observations. Cobb, 
who is the author of the majority of the stilbonematid genera and a keen observer, disre-
garded them entirely (Cobb 1920). In the description of Eubostrichus filiformis (Greeff 
1869) the bacteria are thought to be an excretion of the worm. Chitwood (1936) be-
lieved them to be fungal spores, Gerlach (1950) and Wieser (1969) classified them as 
cyanobacteria. This opinion has prevailed until the identification as Gammaproteobacte-
ria (Polz et al. 1992).

Besides these obligate symbionts occasionally other organisms, such as suctorians, are 
found to colonize the cuticle of stilbonematine nematodes. Here we describe a new species 
of the genus Catanema, C. schiemeri sp. nov., which is remarkable because approximately 
25 % of the population in the type locality, the Bay of Veštar (Rovinj, Croatia), carry sev-
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eral giant sulfur bacteria attached to their anterior body portion that is not covered by the 
obligate symbiotic bacteria.

An emended diagnosis of the genus Catanema (Cobb 1920) has been given by Tchesunov 
(2013). Applying the diagnostic characters listed there the genus presently comprises only 
3 described species, C. exile (Cobb 1920), C. australis (Hourston & Warwick 2010) and 
C. dambayensis (Tchesunov 2013). Members of the genus, however, have been recorded 
repeatedly from all over the world and can be locally extremely abundant (Riera et al. 
2013) and species rich (own unpublished observations).

Material and Methods

Specimens of the new species were collected from subtidal medium sand in 2–3m depth 
at the Bay of Veštar south of Rovinj, Croatia (Fig. 1). Buckets of sediment were taken 
skin diving and live meiofauna was extracted in the laboratory by shaking and decanting 
through fine mesh sieves (64µm mesh widths) and sorted under a dissecting microscope. 
Specimens for light microscope whole mounts were relaxed in a MgCl2 solution isotonic 
to sea water and fixed in 4 % formaldehyde or PFA. Subsequently they were transferred to 
a mixture of 1 part glycerol and 9 parts distilled water, slowly evaporated and embedded 
in water-free pure glycerol. Drawings were made with the aid of a camera lucida on a Dia-
var microscope (Reichert, Vienna, Austria). Specimens for sequencing of barcoding genes 
were put in a drop of MgCl2, mounted on non-permanent slides for photo vouchering, and 
subsequently fixed in 96 % ethanol. Light micrographs were made on a Zeiss Axio Imager 
A1 (Carl Zeiss, Oberkochen, Germany).

DNA was extracted from single worm specimens with the DNeasy Blood and Tissue Kit 
(QUIAGEN, Hilden, Germany) following the manufacturer’s instruction with two ex-
ceptions:

1. Digestion with proteinase K was extended to 14 hours. 2. Elution was done with 100 
µl of elution buffer. A ≥ 1000 bp long fragment of the 18S rRNA gene was amplified with 
newly designed nematode specific primers 466f (CCACATCCAAGGAAGGCAG) and 
1548r (ATTCCTTCAGTGTAGCGCG) (designed in Primer 3, Untergasser et al. 2012) 

Fig. 1: Sampling location 
in the Northern Adriatic 
Sea, south of the town of 
Rovinj, Croatia. A black 
dot in the insert marks 
the exact sample site. – 
Abb.  1: Fundort in der 
Nordadria, südlich der 
Stadt Rovinj, Kroatien. 
Ein schwarzer Punkt in 
der Detailkarte zeigt die 
genaue Probenstelle.
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using the following cycling conditions: 5 min at 95° C followed by 35 cycles of 30 s at 
95° C, 45 s at 60.7° C and 1,2 min at 72° C, followed by a final extension of 10 min at 72° C.
Quality and length of the PCR products were checked with gel electrophoresis and puri-
fied with ExoSAP-IT™ PCR Product Cleanup (Applied Biosystems™, Waltham, Massachu-
setts, USA). Purified products were sent to an external sequencing company (MicroSynth, 
Switzerland). ABI chromatograms of forward and reverse primer products were quality 
checked, trimmed and aligned in Geneious Prime 2020.1.2 (Biomatters, New Zealand).

Phylogenetic analyses were done using the 18S rRNA dataset by Scharhauser et al. 
(2020) including two new partial 18S rRNA from Catanema schiemeri sp. nov. All sequenc-
es were aligned with MAFFT v.7 (Katoh & Standley 2013) using the Q-insi option 
(Katoh & Toh 2008) which considers the secondary structure of the RNA. Alignments 
were trimmed and quality checked using Geneious Prime 2020.1.2 (Biomatter, New Zea-
land). The optimal substitution model for each alignment was assessed using ModelFinder 
(Kalyaanamoorthy et al. 2017). The TIM3e + I + G4 model was the best fit for our 18S 
rRNA alignment. IQTREE (Nguyen et al. 2015) was used for phylogenetic reconstruc-
tion using the Ultrafast Bootstrap Approximation UFBoot (Minh et al. 2013) to assess 
node stability (10,000 bootstrap runs). Additionally, support values were generated using 
approximate Bayes (aBayes) (Anisimova et al. 2011) and SH-aLRT analyses (Guindon 
et al. 2010). Final Tree was graphically optimized using FigTree v. 1.4.3 (Rambaut 2009) 
and Adobe Illustrator CC 22.1 (Adobe Inc.©, San Jose, USA).

Results
Class Chromadorea Inglis, 1983 

Subclass Chromadoria Pearse,1942 
Order Desmodorida De Coninck, 1965 

Suborder Desmodorina De Coninck, 1965 
Superfamily Desmodoroidea Filipjev, 1922 

Family Desmodoridae Filipjev, 1922 
Subfamily Stilbonematinae Chitwood, 1936 

Genus Catanema Cobb, 1920
Catanema schiemeri sp. nov.

http://zoobank.org: 74B00479-92E9-43EF-8DF8-7377BF3E7D10

Synonymy:
Syn. Catanema sp. in: Kampfer et al. (1998), Urbancik et al. (1996 a,b) 
Nec Catanema sp. in: Ott & Novak (1989), Schiemer et al. (1990), Ott et al. (1991), 
Nebelsick et al. (1992), Polz et al. (1992)

Type material: 
Holotype male, paratypes male 3, paratypes female 3, paratypes juvenile 3; deposited in 
the Natural History Museum Vienna under the numbers Evertebrata Varia NHMW 5845 
(holotype) and 5846–5854 (paratypes).

The sequences of the 18S rRNA gene are available from GENBank under the accession 
numbers V013-MW267952 and V015-MW267953.

Measurements: See table 1.
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Holotype
Male

Paratypes
Males 
(n=3)

Paratypes
Females 

(n=3)

Males total
(n=8)

Males 
mean ± SD

Females 
total
(n=7)

Females 
mean ±SD

Body length 3935 3602–4135 4735–5928 3602–4622 4164 ± 297 4409–5928 5045 ± 504

a 112 103–118 118–169 103–122 112 ± 6.5 110–169 132 ± 20

b 28.5 26.7–28.9 30.6–39.5 26.7–31.2 29.2 ± 1.4 30.6–39.5 34.8 ± 3

c 32.8 29.5–35 36.4–49.3 29.5–37 32.9 ± 2.6 36.4–49.3 43.2 ± 4.6 

max. diameter 35 35 35–40 35–41 37.1 ± 2.4 35–40 38.4 ± 2

Pharynx length 138 135–145 142–155 135–158 143 ± 6.9 130–155 145 ± 8.5

Tail length 120 118–140 110–150 118–140 130 ± 8.6 98–150 118 ± 16

c‘ 3.4 3.4–4.1 3.4–5 3.3–4.1 3.7 ± 0.3 3.4–5 3.7 ± 0.6

Head diam. 12 10–12 10–12 10–15 12.1 ± 2 10–15 13 ± 1.9

Cephalic setae 
length

16 18–19 20 15–20 17.4 ± 1.7 15–20 17.8 ± 2.7

Subcephalic setae 
length

10 7–12 11–13 7–13 9.6 ± 1.7 8–13 10.4 ± 1.6

Spicula arc/chord 40/35 40-50/30-
40

n.a. 40-50/30-
45

46 ± 4.2    
39 ± 5.2

n.a. n.a.

Gubernaculum 12 12–15 n.a. 12–17 14.6 ± 1.7 n.a. n.a.

Testis start % 52 46–47 n.a. 44–52 48 ± 2.7 n.a. n.a.

Vulva % n.a. n.a. 58–62 n.a. n.a. 51–62 57.3 ± 3.5

Supplements # 12 10–13 n.a. 10–17 12.6 ± 2.1 n.a. n.a.

Supplements 
start precloacal

442 445–537 n.a. 420–550 498 ± 53 n.a. n.a.

Bacterial coat 
start (µm)

190 205–215 177–215 190–235 206 ± 15 177–230 209 ± 16.4

Bacterial coat 
start (pharynx 

lengths

1.4 1.4–1.5 1.4–1.5 1.4–1.5 1.4 ± 0.05 1.4–1.8 1.5 ± 0.2

Corpus % 21.7 22.5–27.6 21.3–25 21.7–28.6 24.7 ± 2.5 19.2–25.4 22.3 ± 2.1

Isthmus % 60.1 53.1–59.9 58.1–63.3 53.1–62 56.8 ± 3.2 53.6–63.4 59.3 ± 3.7

Bulbus % 18.1 17.6–20.7 14.6–20 15.7–20.7 18.4 ± 1.8 14.6–21.6 18.4 ± 2.6

Table 1. Catanema schiemeri sp. nov. Measurements of holotype and paratypes. All lengths are in 
µm. a: body length/maximal diameter, b: body length/pharynx length, c: body length/tail length, 
c’: tail length/anal diameter, n.a.: not applicable. – Tabelle 1. Catanema schiemeri sp. nov. Maße des 
Holotyps und der Paratypen. Alle Längenangaben in µm. a: Körperlänge/größter Durchmesser, 
b: Körperlänge/Pharynxlänge, c: Körperlänge/Schwanzlänge, c‘: Schwanzlänge/Analdurchmesser, 
n.a.: trifft nicht zu.

Additional material. Several specimens (males, females, juveniles, intersexes) in the first 
author’s collection.

Type locality: Bay of Veštar (45°02’46” N, 13°40’49” E)

Etymology:
Named in honor of Friedrich Schiemer, eminent freshwater biologist, nematologist, 
friend and good companion on many trips to sample meiofauna in pleasant locations.
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Description (Figs. 2–4):
Body slender, cylindrical; tail coni-
cal. Body diameter decreases abrupt-
ly to accommodate the thickness of 
the coat of symbiotic bacteria. Cuti-
cle finely transversely striated (annule 
width 0.4–0.5µm), starting with a 
fingerprint-like pattern at the anteri-
or end, but changing to a regular stri-
ation at the level of the subcephalic 
setae. Cuticula about 2µm thick, in 
cephalic region reinforced by a dou-
bling of the fiber layers (Urbancik et 
al. 1996a,b). Under the cuticle there 
are dark-brown areas (hypodermis?) 
of unknown function.

Inner labial sense organs are present 
as six finger-shaped papillae within 
the mouth opening. Of the circle of 
outer labial sense organs only four in 
the form of minute (< 1µm long) se-
tae in submedian position can be seen 
in en face view. The lateral position 
in this circle is occupied by the fovea 
amphidialis. Four cephalic setae close 
to the anterior end, followed by a cir-
cle of eight subcephalic setae, which 
is continued by eight rows of somatic 
setae extending over the pharyngeal 
region. Midbody with sparse, short 
somatic setae obscured by the bacte-
rial coat. In the posterior region of 
the male the setation is denser ven-
trally, starting a short distance an-
terior to the cloaca and extending 
along the tail as two rows of stout se-
tae on each side. Tubular structures 
as described by Cobb (1920) for the 
type species C. exile not present.

The amphidal fovea is reduced to a 
pore on the apical part of the head 
extremely close to the mouth open-
ing. In practically all specimens the 
corpus gelatum is protruding and can 
reach a length of several hundred 
µm.

Fig. 2: Catanema schiemeri sp. nov. A. Total view of a 
female with giant sulfur bacteria attached to anterior 
body region. Coat of symbiotic Gammaproteobacte-
ria appearing dark in transmitted light due to sulfur 
inclusions. B. Total view of a male with giant sulfur 
bacteria, showing precloacal supplements. Light micro-
graphs of live specimens. C. En face view of anterior 
end, showing pore-shaped foveae amphidiales each with 
corpus gelatum emanating, fingerlike papillae in mouth 
opening and small labial sense organs. A bacterial cell 
is attached to the fingerlike papillae. SEM. Abbrevia-
tions: bbac – begin of the bacterial coat, cg – corpus 
gelatum, cs – cephalic setae, fa – fovea amphidialis, fp – 
finger-like papillae, gsb – giant sulfur bacteria, ls – labi-
al sense organs, sup – supplement. – Abb. 2: Catanema 
schiemeri sp. nov. A. Totalansicht eines Weibchens mit 
Riesen-Schwefelbakterien am Vorderkörper. Der Über-
zug durch die symbiontischen Gammaproteobakterien 
erscheint im Durchlicht dunkel durch ihre Schwefel-
einschlüsse. B. Totalansicht eines Männchens ebenfalls 
mit Riesen-Schwefelbakterien und einer Reihe präk-
loakaler Hilfsorgane. Lichtmikroskopische Bilder leb-
ender Tiere. C. Die en face Ansicht des Vorderendes 
zeigt die porenförmigen foveae amphidiales, aus denen 
jeweils das corpus gelatum austritt, die fingerförmigen 
Papillen in der Mundöffnung und die kleinen labialen 
Sinnesorgane. Eine Bakterienzelle klebt an den finger-
förmigen Papillen. SEM. Abkürzungen: bbac – Beginn 
des bakteriellen Überzugs, cg – Corpus gelatum, cs – 
Cephalborste, fa – Fovea amphidialis, fp – fingerför-
mige Papille, gsb – Riesen-Schwefelbakterien, ls – labi-
ales Sinnesorgan, sup – Hilfsorgan.
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Fig. 3: Catanema schiemeri sp. nov. male. A. To-
tal view. B. Anterior end bearing stalked giant 
sulfur bacteria. C. Pharyngeal region. D. Pos-
terior body region with row of supplements. E. 
Cloacal region and tail, with spicular apparatus. 
F. Spicular apparatus of another male. Abbrevi-
ations: b – bulbus, bbac – begin of the bacterial 
coat, c – corpus, cg – corpus gelatum, cs – ce-
phalic setae, de – ductus ejaculatorius, gb – gu-
bernaculum, gsb – giant sulfur bacteria, gso – 
glandular sense organ, i – isthmus, nr – nerve 
ring, pcs – precloacal setae, sp – spiculum, sup 
– supplement. – Abb. 3: Catanema schiemeri sp. 
nov. Männchen. A. Totalansicht. B. Vorder-
ende mit gestielten Riesenschwefelbakterien. C. 
Pharynxregion. D. Hinterende mit präkloakaler 
Reihe von Hilfsorganen. E. Kloakalregion und 
Schwanz, Spikularapparat. F. Spikularappa-
rat eines anderen Männchens. Abkürzungen: 
b – Bulbus, bbac – Beginn des bakteriellen 
Überzugs, c – Corpus, cg – Corpus gelatum, 
cs – Cephalborste, de – Ejakulationskanal, gb 
– Gubernaculum, gsb – Riesen-Schwefelbakte-
rien, gso – glanduläres Sinnesorgan, i – Isth-
mus, nr – Ringnerv, pcs – Präkloakalborste, sp 
– Spikularapparat, sup – Hilfsorgan.

Fig. 4: Catanema schiemeri sp. nov. female. A. 
Total view. B. Vulvar region with anterior ova-
ry, uteri and enlarged glandular sense organs 
(gsos) anterior and posterior to the vulva. C. 
Pharyngeal region. D. Bulbus of another fe-
male with large gland cells, gut with bacteria 
in lumen. E. Midbody region showing lateral 
and median gsos, the latter opening through 
pores to the outside. F and G. Tails of two fe-
males. Abbreviations: b – bulbus, c – corpus, 
cg – caudal gland, cs – cephalic setae, e – egg, 
g – gut, gso – glandular sense organ, i – isth-
mus, nr – nerve ring, ov – ovary, scs – subce-
phalic setae, ss – somatic setae, vu – vulva. – 
Abb. 4: Catanema schiemeri sp. nov. Weibchen. 
A. Totalansicht. B. Vulva-Region mit vorderem 
Ovar, Uteri und vergrößerten Glandulären Sin-
nesorganen (GSOs) vor und hinter der Vulva. C. 
Pharynxregion. D. Bulbus eines anderen Weib-
chens mit großen Drüsenzellen, Darm mit Bak-
terien im Lumen. E. Mittelkörper mit lateralen 
und medianen GSOs, letztere münden durch 
Poren nach außen. F und G. Schwanzregion 
zweier Weibchen. Abkürzungen: b – Bulbus, c 
– Corpus, cg – Schwanzdrüse, cs – Kopfborste, 
e – Ei, g – Darm, gso – glanduläres Sinnesor-
gan, i – Isthmus, nr – Ringnerv, ov – Ovar, scs – 
Subcephalborste, ss – Körperborste, vu – Vulva.
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A small conical buccal cavity leads into the pharynx, which is distinctly tripartite, begin-
ning with a muscular corpus that is clearly set off from the thin isthmus, and a spherical 
bulb.

The nerve ring is located at about 2/3 of the pharynx length surrounding the isthmus, 
ventral gland not present. There are eight rows of glandular sense organs (gso) in sub-
median and sublateral position, respectively, opening to the outside via somatic setae or 
pores.

Males monorchic, testis beginning at 44–46 % of body length. Spicula arcuate with a 
round to hook-shaped capitulum (depending on the angle of observation); gubernacu-
lum with a dorso-caudally directed apophysis with a loop-shaped reinforcement. Pre-
cloacal there is a row of 10 to 17 ventral bumps, cushion like dense structures having 
the same color as the dark areas under the cuticle underlie the bumps. Depending on 
the number of bumps the row begins 570 to 420µm and ends about 50µm anterior to 
the cloaca.

Females didelphic, amphidelphic, ovaries reflexed, uteri long, vagina at 55–62 % of body 
length. Anterior and posterior to the vulva the gsos on the ventral side are enlarged and 
much denser than in the rest of the body.

Several females found were intersexes (Fig. 5) containing ovaries with large ripe eggs, uteri, 
vulva and enlarged gsos in the vulvar region. In addition, they possessed spicula rudiments 
and in some cases a few preanal bumps. One obviously male individual with testis and 14 
precloacal bumps lacked spicula and gubernaculum.

The symbiotic Gam-
maproteobacteria (Fig. 6) 
that are characteristic for 
Stilbonematinae cover the 
body except for an ante-
rior region of about 1.3 
to 1.5 pharynx lengths. 
Here the diameter of the 
worms decreases abrupt-
ly as to accommodate the 
thickness of the bacterial 
coat. Only the very tip of 
the tail is free of bacteria 
again. The bacteria are 
corn-kernel shaped and 
divide perpendicular to 
the body surface.

Some specimens have 
very large stalked pro-
karyotes (25–30 × 10–
13µm) (Fig.  7) attached 
to the anterior body re-
gion. These bacteria con-

Fig. 5: Catanema schiemeri sp. nov. A. Tail of a female intersex with 
spicula rudiments. B. Double vulva of another female intersex. C. 
Cloacal region of a male with supplements but no spicular appara-
tus. Light micrographs of preserved specimens. Abbreviations: an 
– anus, cl – cloaca, sp – spiculum, sup – supplement, vu – vulva. – 
Abb. 5: Catanema schiemeri sp. nov. A. Schwanzregion eines weib-
lichen Intersexes mit Spicula-Rudimenten. B. Doppelte Vulva eines 
anderen weiblichen Intersexes. C. Kloakalregion eines Männchens 
mit Hilfsorganen jedoch ohne Spikular-Apparat. Lichtmikrosko-
pische Bilder fixierter Tiere. Abkürzungen: an – Anus, cl – Kloake, 
sp – Spikularapparat, sup – Hilfsorgan, vu – Vulva.
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Fig. 6: Catanema schiemeri sp. nov. Symbiotic bacteria. A. Begin of the coat of chemoautotrophic 
Gammaproteobacteria. B. Detail of the bacterial coat, showing corn-kernel shape of bacteria and 
annulated host cuticle. SEM. Abbreviations: ann – annulation, bac – bacteria, bbac – begin of the 
bacterial coat, ss – somatic setae. – Abb. 6: Catanema schiemeri sp. nov. Symbiontische Bakterien. 
A. Beginn des Überzugs aus chemoautotrophen Gammaproteobakterien. B. Detail des bakteriellen 
Überzugs zeigt die Maiskorn-Form der Bakterien und die Ringelung der Wirtskutikula. SEM. Ab-
kürzungen: ann – Ringelung der Kutikula, bac – Bakterien, bbac – Beginn des bakteriellen Über-
zugs, ss – Körperborste.

Fig. 7: Catanema schiemeri sp. nov. A and B. Anterior body region of two individuals carrying giant 
sulfur bacteria in optical section and surface view, respectively. C. Anterior body region of another 
individual showing the long corpus gelatum and small stalked microorganisms attached to the cuti-
cle. Light micrographs of live specimens. Abbreviations: b – bulbus, c – corpus, cg – corpus gelatum, 
gsb – giant sulfur bacteria, i – isthmus, seb – small ectobiotic bacteria. – Abb. 7: Catanema schiemeri 
sp. nov. A und B. Vorderkörper zweier Individuen mit Riesen-Schwefelbakterien in unterschiedli-
chen Schärfeebenen. C. Vorderkörper eines Individuums mit langem Corpus gelatum und kleinen 
gestielten Mikroorganismen an der Kutikula angeheftet. Lichtmikroskopische Bilder lebender Tiere. 
Abkürzungen: b – Bulbus, c – Corpus, cg – Corpus gelatum, gsb – Riesen-Schwefelbakterien, i – 
Isthmus, seb – kleine ektobiotische Bakterien.
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tain conspicuous granules appearing white in incident and dark in transmitted light re-
sembling the sulfur granules found in filamentous or solitary giant sulfur bacteria (Salman 
et al. 2013).

Occasionally other stalked prokaryotes of much smaller size are found attached to the an-
terior body region.

Fig. 8: Catanema schiemeri sp. nov. Phylogenetic relationship with other representatives of Stilbone-
matinae based on the partial 18S rRNA gene sequences. Support values for the nodes are given 
in black (high support: SH-aLRT support >80 %/aBayes support >0.9/ultrafast bootstrap support 
>95 %), grey (medium: one of the three values is slightly below the threshold) and white (low: two or 
more values are clearly below the threshold). Numbers in the collapsed clades indicate the numbers 
of 18S rRNA sequences within each clade. – Abb. 8: Catanema schiemeri sp. nov. Verwandtschaft mit 
anderen anderen Vertretern der Stilbonematinae basierend auf Sequenzen der partiellen 18S rRNA 
Gene. Die statistische Unterstützung der Verzweigungspunkte im Baum ist mit schwarz (stark: SH-
aLRT support >80 %/aBayes support >0.9/ultrafast bootstrap support >95 %), grau (mittel: einer 
der drei Werte unterhalb des Grenzwertes) und weiß (niedrig: zwei oder mehr Werte unterhalb des 
Grenzwertes) dargestellt. Die Zahlen in den zusammengefassten Kladen zeigen die Anzahl der 18S 
rRNA Gen Sequenzen pro Klade an.
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Phylogenetic Results:

The two partial 18S rRNA sequences from Catanema schiemeri sp. nov. form a well-sup-
ported clade within the 18S rRNA phylogeny of the Stilbonematinae in general, and a spe-
cific subclade in the bigger genus clade of Catanema (Fig. 8). A 18S rRNA sequence from 
an older study from the same locality (EU768871, Kampfer et al. 1998) is similar to the 
ones of the new species but not in the exact same clade. It is probably a chimaera, because 
it was derived from a pool of about 50 specimens.

Discussion
Systematics

The genus Catanema was erected by Cobb (1920) for the type species Catanema exile. 
Cobb clearly depicts the swollen muscular corpus of the tripartite pharynx. Based on this 
feature several species were incorrectly assigned to this genus, e. g. Catanema cobbi Inglis 
1968 and Catanema sp. sensu Ott & Novak 1989, Schiemer et al. 1990, Ott et al. 1991, 
Nebelsick et al. 1992, Polz et al. 1992. Both species were later transferred to the genus 
Laxus Cobb 1894 by Ott et al. (1995). Hopper & Cefalu (1973) described Catanema 
porosum from Florida. Later e. Platt & Zhang (1982) synonymized the genus Robbea 
Gerlach 1956 – which is also characterized by a strongly enlarged and muscular corpus 
– with Catanema and added two species from Scotland, C. smo and C. macintyrei. In a 
taxonomic review Tchesunov (2013) redefined the genus on morphological grounds and 
separated it again from Robbea on the basis of the shape of the fovea amphidialis, which is 
spiral in Robbea, but reduced to just a porus in Catanema, adding a new species, C. dam-
bayensis Tchesunov 2013. He was probably unaware of the description of Catanema aus-
tralis by Hourston & Warwick (2010), which also conforms to the emended diagnosis.

Molecular phylogenetic studies (Kampfer et al. 1998, Ott et al. 2014, Zimmermann et 
al. 2016) support the separation of those species with a porous amphidial fovea from those 
species with a swollen muscular corpus having a spiral fovea. The latter belong in part to 
the genus Robbea Gerlach 1956, in part will be transferred to a new genus, which is cur-
rently under description by the research group of the first author.

The present species is distinguished from the three so far described species by the presence 
of the praecloacal row of bumps in males. It lacks the subventral rows of conspicuous tu-
bular setae of the type species, which are also absent from C. dambayensis and C. australis. 
With more than four mm in length it is also the largest of the four species.

Symbiosis

Live specimens always had a complete coat of symbiotic bacteria starting at about 1.5 
pharynx lengths from the anterior end and covering the body except for the tip of the tail. 
The bacteria often detach during the fixation and preparation procedure and specimens in 
slides sometimes are only partly covered or completely bare. Cobb (1920), although a keen 
observer, does not mention the bacteria (as also in the descriptions of other stilbonematid 
genera, such as Laxus, Stilbonema or Leptonemella). Both Hourston & Warwick (2010) 
and Tchesunov (2013) report only a partial covering of the surface of the worms. None 
of the two papers mentions a reduction of body diameter at the onset of the bacterial coat, 
contrary to what is evident in all specimens of C. schiemeri sp. nov. A similar reduction of 
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body diameter has been reported for Laxus oneistus Ott et al. 1995 where the anterior re-
gion is likewise symbiont free, but not for L. cosmopolitus Ott et al. 1995 where the bacte-
ria cover the whole body. We may therefore assume that in C. australis and C. dambayensis 
the bacteria cover the whole body in life.

A remarkable feature is the large stalked sulfur bacteria that are attached to the anterior 
body region in about 25 % of the specimens. The frequency of occurrence suggests a sym-
biotic relationship. Similar bacteria have been occasionally found on other stilbonematine 
genera (Stilbonema, Leptonemella) in other locations (unpublished personal observations). 
A mutualistic relationship seems unlikely, rather it can be considered a phoresis, where 
the giant bacteria take advantage of the movement of the worm similar to the symbiotic 
Gammaproteobacteria. Whether the small stalked prokaryotes occasionally present in the 
same body region of the new species represent different symbionts is presently unclear.

Intersexuality
Intersexuality has been described for marine free-living nematodes from the orders Chro-
madorida (Gourbault & Vincx 1990, Miljutina et al. 2013) and Desmodorida (Desmo-
doridae: Moura et al. 2014) and specifically for Stilbonematinae (Leptonemella: Riemann 
et. al. 2003; Robbea: Ott et al. 2014). In all cases, the intersexes have female gonads and 
rudimentary male sexual characters. Generally, they comprise only a very small percentage 
of the population. In Robbea hypermnestra Ott et al. 2014, however, all non-male adults 
are intersexes.

Acknowledgments
We thank the Center for Marine Research Rovinj for hospitality during sampling, Si-
grid Neulinger for the masterly execution of the ink drawings, Rudolf Novak and Mar-
tin Polz for SEM pictures and Daniel Martinovic Saavedra for proof reading of the 
manuscript. F.S. and P.P. were supported by FWF grant 31594 during the writing of the 
manuscript.

Literature
Anisimova M., Gil M., Dufayard J., Dessimoz C., & Gascuel O., 2011: Survey of Branch Support 

Methods Demonstrates Accuracy, Power, and Robustness of Fast Likelihood-based Approximation 
Schemes. Systematic Biology 60 (5), 685–699.

Chitwood B.G., 1936: Some marine nematodes from North Carolina. Proceedings of the Helmintho-
logical Society of Washington 3, 1–16.

Cobb N.A., 1920: One hundred new nemas. Contribution to a Science Nematology 9, 217–343.

Gerlach S.A., 1950: Uber einige Nematoden aus der Familie der Desmodoriden. S. 178–198 in: Neue 
Ergebnisse und Probleme der Zoologie (Klatt-Festschrift), Leipzig.

Gerlach S.A., 1956: Die Nematodenbesiedlung des tropischen Brandungsstrandes von Pernambuco. 
Brasilianische Meeres- Nematoden II, Kieler Meeresforschungen 12, 202–218.

Gourbault N. & Vincx M., 1990: Chromadorida (Nematoda) from Guadeloupe and Polynesia with 
Evidence of Intersexuality. Zoologica Scripta 19, 31–37.

Greeff R., 1869: Untersuchungen über einige merkwürdige Thiergruppen des Arthropoden- und 
Wurm-Typus. Archiv für Naturgeschichte, 35, 71–121.



286 Ott J., Pröts P. & Scharhauser F.

Guindon S., Dufayard J., Lefort V., Anisimova M., Hordijk W. & Gascuel O., 2010: New Al-
gorithms and Methods to Estimate Maximum-Likelihood Phylogenies: Assessing the Performance 
of PhyML 3.0. Systematic Biology 59 (3), 307–321.

Hopper B.E. & Cefalu R.C., 1973: Free-living marine nematodes from Biscayne Bay, Florida V. Stil-
bonematinae: contributions to the taxonomy and morphology of the genus Eubostrichus Greeff and 
related genera. Transactions of the American Microscopical Society 92, 578–591.

Hourston M. & Warwick R.M., 2010: New species of free-living aquatic nematodes from south-
western Australia (Nematoda: Axonolaimidae and Desmodoridae). Records of the Western Austral-
ian Museum 26, 42–69.

Kalyaanamoorthy S., Minh B., Wong T., Von Haeseler A. & Jermiin L., 2017: ModelFinder: 
Fast model selection for accurate phylogenetic estimates. Nature Methods 14 (6), 587–589.

Katoh K. & Standley D., 2013: MAFFT Multiple Sequence Alignment Software Version 7: Im-
provements in Performance and Usability. Molecular Biology and Evolution 30 (4), 772–780.

Katoh K. & Toh H., 2008: Recent developments in the MAFFT multiple sequence alignment pro-
gram. Briefings In Bioinformatics 9 (4), 286–298.

Kampfer S., Sturmbauer C. & Ott J.A., 1998: Phylogenetic analysis of rDNA sequences from ad-
enophorean nematodes and implications for the Adenophorea-Secernentea controversy. Invertebrate 
Biology 117, 29–36.

Leduc D., 2013: One new genus and two new deep-sea nematode species (Desmodoridae, Stilbone-
matinae) from phosphorite nodule deposits on Chatham Rise, Southwest Pacific Ocean. Marine 
Biodiversity 43 (4), 421–428. https://doi.org/10.1007/s12526-013-0171-6

Miljutina M.A., Miljutin D.M. & Tchesunov A.V., 2013: Seven Acantholaimus (Chromadoridae: 
Nematoda) species from one deep-sea sediment sample (Angola Basin, southeast Atlantic). Journal 
of the Marine Biological Association of the United Kingdom 93, 935–953.

Minh B., Nguyen M. & Von Haeseler A., 2013: Ultrafast Approximation for Phylogenetic Boot-
strap. Molecular Biology and Evolution 30 (5), 1188–1195.

Moura J.D.R., Da Silva M.C. & Esteves A.M., 2014: Four new species of Desmodora (Nematoda) 
from the deep south-east Atlantic, and a case of intersexuality in Desmodoridae. Journal of the Ma-
rine Biological Association of the United Kingdom 94, 85–104.

Nebelsick M., Blumer M., Novak R. & Ott J.A., 1992: A new glandular sensory organ in Catanema 
sp. (Nematoda, Stilbonematinae). Zoomorphology 112, 17–26.

Nguyen L., Schmidt H., Von Haeseler A. & Minh B., 2015: IQ-TREE: A Fast and Effective Sto-
chastic Algorithm for Estimating Maximum-Likelihood Phylogenies. Molecular Biology and Evo-
lution 32 (1), 268–74.

Ott J.A. & Novak R., 1989: Living at an interface: meiofauna at the oxygen/sulfide boundary of ma-
rine sediments. In: Ryland J.S. & Tyler P.A. (Eds.), 23rd European Marine Biology Symposium. 
Olsen & Olsen, Fredensborg, Denmark, pp 415–422.

Ott J.A., Bauer-Nebelsick M. & Novotny V., 1995: The genus Laxus Cobb, 1894 (Stilbonemati-
nae: Nematoda): description of the two species with ectosymbiotic chemoautotrophic bacteria. Pro-
ceedings of the Biological Society of Washington 108, 508–527.

Ott J.A., Novak R., Schiemer F., Hentschel U., Nebelsick M. & Polz M., 1991: Tackling the 
Sulfide Gradient: A Novel Strategy Involving Marine Nematodes and Chemoautotrophic Ectosym-
bionts. Marine Ecology 12, 261–279. https://doi:10.1111/j.1439-0485.1991.tb00258.x

Ott J.A., Gruber-Vodicka H.R., Leisch N. & Zimmermann J., 2014: Phylogenetic confirma-
tion of the genus Robbea (Nematoda: Desmodoridae, Stilbonematinae) with the description of 
three new species. Systematics and Biodiversity 12(4), 434–455. https://doi. org/10.1080/14772 
000.2014.941038



A new marine nematode, Catanema schiemeri n. sp. (Desmodoroidea)  
with multiple prokaryotic symbiont 287

Platt H.M. & Zhang Z.N., 1982: New species of marine nematodes from Loch Ewe, Scotland. Bul-
letin of the British Museum (Natural History)/Zoology Series 42, 227–246.

Polz M.F., Felbeck H., Novak R. Nebelsick M. & Ott J.A., 1992: Chemoautotrophic, sulfur-ox-
idizing symbiotic bacteria on marine nematodes: morphological and biochemical characterization. 
Microbial Ecology (Historical Archive) 24, 313–329.

Rambaut A., 2009: FigTree [computer program] http://tree.bio.ed.ac.uk.
Riemann F., Thiermann F. & Bock L., 2003: Leptonemella species (Desmodoridae, Stilbonemati-

nae), benthic marine nematodes with ectosymbiotic bacteria, from littoral sand of the North Sea is-
land of Sylt: taxonomy and ecological aspects. Helgoland Marine Research 57, 118–131.

Riera R., Núñez J. & del Carmen Brito M., 2013: Temporal dynamics of shallow subtidal meiob-
enthos from a beach in Tenerife (Canary Islands, northeast Atlantic Ocean). Acta Oceanol. Sin. 32, 
44–54. https://doi-org.uaccess.univie.ac.at/10.1007/s13131-013-0340-2

Salman V., Bailey J., & Teske V. & 2013: Phylogenetic and morphologic complexity of giant sulphur 
bacteria. Antonie Van Leeuwenhoek 104 (2), 169–186.

Scharhauser F., Zimmermann J., Ott J.A., Leisch N. & Gruber‐Vodicka H.R., 2020: Morphol-
ogy of Obligate Ectosymbionts Reveals Paralaxus Gen. Nov.: A New Circumtropical Genus of Ma-
rine Stilbonematine Nematodes. Zoologica Scripta 49 3, 379–394.

Schiemer F., Novak R. & Ott J.A., 1990: Metabolic studies on thiobiotic free-living nematodes and 
their symbiotic microorganisms. Marine Biology (Berlin) 106, 129–137.

Tchesunov A.V., 2013: Marine free-living nematodes of the subfamily Stilbonematinae (Nematoda, 
Desmodoridae): Taxonomic review with descriptions of a few species from the Nha Trang Bay, Cen-
tral Vietnam. Meiofauna Marina 20, 71–94.

Tchesunov A.V., Ingels J., Popova E.V., 2012: Marine free-living nematodes associated with sym-
biotic bacteria in deep-sea canyons of north-east Atlantic Ocean. Journal of the Marine Biological 
Association of the United Kingdom 92, 1257–1271.

Untergasser A., Cutcutache I., Koressaar T., Ye J., Faircloth B., Remm M. & Rozen S., 2012: 
Primer3 – new capabilities and interfaces. Nucleic Acids Research 40 (15), E115.

Urbancik W., Bauer-Nebelsick M. & Ott J.A., 1996a: The ultrastructure of the cuticle of Nema-
toda. I. The body cuticle within the Stilbonematinae (Adenophorea, Desmodoridae). Zoomorphol-
ogy 116, 51–64.

Urbancik W., Novotny V. & Ott J.A., 1996b: The ultrastructure of the cuticle of Nematoda. II. The 
cephalic cuticle of Stilbonematinae (Adenophorea, Desmodoridae). Zoomorphology 116, 65–75.

Wieser W., 1959: Eine ungewöhnliche Assoziation zwischen Blaualgen und freilebenden marinen 
Nematoden. Österreichische Botanische Zeitschrift 106, 81–87.

Zimmermann J., Wentrup C., Sadowski M., Blazejak A., Gruber-Vodicka H.R., Kleiner M., 
Ott J.A., Cronholm B., De Wit P., Erséus C., Dubilier N., 2016: Closely coupled evolutionary 
history of ecto-and endosymbionts from two distantly related animal phyla. Molecular Ecology 25 
(13), 3203–3223. https://doi.org/10.1111/mec.13554

Received: 2020 06 09

Addresses:

Univ.-Prof. Dr. Jörg Ott, E-Mail: joerg.ott@univie.ac.at
Philipp Pröts, MSc., E-Mail: philipp.proets@univie.ac.at
Mag. Florian Scharhauser, E-Mail: florian.scharhauser@univie.ac.at
Department of Functional and Evolutionary Ecology, Division of Bio-Oceanography and 
Marine Biology, University of Vienna, Althanstraße 14, A-1090 Vienna, Austria.





ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Verhandlungen der Zoologisch-Botanischen Gesellschaft in Wien.
Frueher: Verh.des Zoologisch-Botanischen Vereins in Wien. seit 2014 "Acta ZooBot
Austria"

Jahr/Year: 2020

Band/Volume: 157

Autor(en)/Author(s): Ott Jörg A., Pröts Philipp, Scharhauser Florian

Artikel/Article: A new marine nematode, Catanema schiemeri sp. nov.
(Desmodoroidea) with multiple prokaryotic symbionts 275-287

https://www.zobodat.at/publikation_series.php?id=146
https://www.zobodat.at/publikation_volumes.php?id=68377
https://www.zobodat.at/publikation_articles.php?id=493076

