
Two new species of free-living marine nematodes of
the Family Microlaimidae (Nematoda: Microlaimida)
from the Continental Shelf off Northeastern Brazil
(Atlantic Ocean) with emended diagnosis and
dichotomous key (#99887)

1

First submission

Guidance from your Editor

Please submit by 4 Jun 2024 for the benefit of the authors (and your token reward) .

Structure and Criteria
Please read the 'Structure and Criteria' page for general guidance.

Custom checks
Make sure you include the custom checks shown below, in your review.

Author notes
Have you read the author notes on the guidance page?

Raw data check
Review the raw data.

Image check
Check that figures and images have not been inappropriately manipulated.

If this article is published your review will be made public. You can choose whether to sign your review. If
uploading a PDF please remove any identifiable information (if you want to remain anonymous).

Files
Download and review all files
from the materials page.

9 Figure file(s)
5 Table file(s)

 Custom checks Field study
Have you checked the authors field study permits?
Are the field study permits appropriate?

New species checks
Have you checked our new species policies?
Do you agree that it is a new species?
Is it correctly described e.g. meets ICZN standard?

https://peerj.com/submissions/99887/reviews/1625781/guidance/
https://peerj.com/submissions/99887/reviews/1625781/materials/
https://peerj.com/submissions/99887/reviews/1625781/materials/#question_51
https://peerj.com/about/policies-and-procedures/#new-species


For assistance email peer.review@peerj.com
Structure and
Criteria

2

Structure your review
The review form is divided into 5 sections. Please consider these when composing your review:
1. BASIC REPORTING
2. EXPERIMENTAL DESIGN
3. VALIDITY OF THE FINDINGS
4. General comments
5. Confidential notes to the editor

You can also annotate this PDF and upload it as part of your review
When ready submit online.

Editorial Criteria
Use these criteria points to structure your review. The full detailed editorial criteria is on your guidance page.

BASIC REPORTING

Clear, unambiguous, professional English
language used throughout.
Intro & background to show context.
Literature well referenced & relevant.
Structure conforms to PeerJ standards,
discipline norm, or improved for clarity.
Figures are relevant, high quality, well
labelled & described.
Raw data supplied (see PeerJ policy).

EXPERIMENTAL DESIGN

Original primary research within Scope of
the journal.
Research question well defined, relevant
& meaningful. It is stated how the
research fills an identified knowledge gap.
Rigorous investigation performed to a
high technical & ethical standard.
Methods described with sufficient detail &
information to replicate.

VALIDITY OF THE FINDINGS

Impact and novelty not assessed.
Meaningful replication encouraged where
rationale & benefit to literature is clearly
stated.
All underlying data have been provided;
they are robust, statistically sound, &
controlled.

Conclusions are well stated, linked to
original research question & limited to
supporting results.

mailto:peer.review@peerj.com
https://peerj.com/submissions/99887/reviews/1625781/
https://peerj.com/submissions/99887/reviews/1625781/guidance/
https://peerj.com/about/author-instructions/#standard-sections
https://peerj.com/about/policies-and-procedures/#data-materials-sharing
https://peerj.com/about/aims-and-scope/
https://peerj.com/about/aims-and-scope/


Standout
reviewing tips

3

The best reviewers use these techniques

Tip Example

Support criticisms with
evidence from the text or from
other sources

Smith et al (J of Methodology, 2005, V3, pp 123) have
shown that the analysis you use in Lines 241-250 is not the
most appropriate for this situation. Please explain why you
used this method.

Give specific suggestions on
how to improve the manuscript

Your introduction needs more detail. I suggest that you
improve the description at lines 57- 86 to provide more
justification for your study (specifically, you should expand
upon the knowledge gap being filled).

Comment on language and
grammar issues

The English language should be improved to ensure that an
international audience can clearly understand your text.
Some examples where the language could be improved
include lines 23, 77, 121, 128 – the current phrasing makes
comprehension difficult. I suggest you have a colleague
who is proficient in English and familiar with the subject
matter review your manuscript, or contact a professional
editing service.

Organize by importance of the
issues, and number your points

1. Your most important issue
2. The next most important item
3. …
4. The least important points

Please provide constructive
criticism, and avoid personal
opinions

I thank you for providing the raw data, however your
supplemental files need more descriptive metadata
identifiers to be useful to future readers. Although your
results are compelling, the data analysis should be
improved in the following ways: AA, BB, CC

Comment on strengths (as well
as weaknesses) of the
manuscript

I commend the authors for their extensive data set,
compiled over many years of detailed fieldwork. In addition,
the manuscript is clearly written in professional,
unambiguous language. If there is a weakness, it is in the
statistical analysis (as I have noted above) which should be
improved upon before Acceptance.



Two new species of free-living marine nematodes of the
Family Microlaimidae (Nematoda: Microlaimida) from the
Continental Shelf oû Northeastern Brazil (Atlantic Ocean) with
emended diagnosis and dichotomous key
Alex Manoel 1 , Patricia F Neres 1 , Andre M Esteves Corresp. 1

1 Zoologia, Universidade Federal de Pernambuco, Recife, PE, Brazil

Corresponding Author: Andre M Esteves
Email address: andresteves.ufpe@gmail.com

New species of the genera Spirobolbolaimus and Ixonema (family Microlaimidae) have
been found in sediment samples collected in the South Atlantic, along the Continental
Shelf break oû Northeastern Brazil. Spirobolbolaimus pernambucanus sp. n. possesses six
outer labial setae and four cephalic setae of approximately the same length. Ixonema
gracielea sp. n. diûers from other species of Ixonema in having somatic setae on
peduncles. This is the ûrst time that new species of these taxa have been described for the
South Atlantic. An amendment of the diagnosis and a dichotomous key are proposed for
both genera.
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10 Abstract

11 New species of the genera Spirobolbolaimus and Ixonema (Nematoda: Microlaimidae) have been 
12 found in sediment samples collected in the South Atlantic, along the Continental Shelf break off 
13 Northeastern Brazil. Spirobolbolaimus pernambucanus sp. n. possesses six outer labial setae and 
14 four cephalic setae of approximately the same length. Ixonema gracielea sp. n. differs from other 
15 species of Ixonema in having somatic setae on peduncles. This is the first time that new species of 
16 these taxa have been described for the South Atlantic. An amendment of the diagnosis and a 
17 dichotomous key are proposed for both genera.

18 Key words: Marine nematodes, taxonomy, species description, South Atlantic, Spirobolbolaimus, 
19 Ixonema.

20 Introduction 

21 The family Microlaimidae Micoletzky, 1922 currently comprises 13 genera and about 150 
22 valid species (Tchesunov, Jeong & Lee, 2021). From South Atlantic, the records of species 
23 belonging to this family are still scarce and are almost all related to the genus Microlaimus de 
24 Man, 1880 (Manoel, Neres & Esteves, 2024). The oldest records in which species related to any 
25 genus placed in Microlaimidae were originally described for this location date back to the 1950s, 
26 when Gerlach described four species of Microlaimus for southeastern coast of Brazil (Gerlach 
27 1956, 1957a, 1957b). Later, Pastor de Ward (1980) described a species of Aponema and another, 
28 in 1989, for the genus Microlaimus, both found in the same region (Santa Cruz, Argentina). Lima, 
29 Neres & Esteves (2022), after more than three decades, described three species of Microlaimus 
30 from the continental shelf off the Campos Basin, Southeastern Brazil. Recently, Manoel, Neres & 
31 Esteves (2024) described three new species of Microlaimus for the Continental Shelf break off 
32 Northeastern Brazil.
33

34 For other genera of Microlaimidae, such as Spirobolbolaimus Soetaert & Vincx, 1988 and 
35 Ixonema Lorenzen, 1971, there are no records of species originally described for the South 
36 Atlantic. The genus Spirobolbolaimus was placed in Microlaimidae based on male (two opposite 
37 and outstretched testes) and female (two outstretched ovaries) gonads (Soertaet & Vincx, 1988). 
38 Spirobolbolaimus is mainly characterized by having outer labial setae longer than the cephalic 
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39 setae, multispiral amphidial fovea, postamphidial setae in six or eight longitudinal rows, buccal 
40 cavity armed with protruding teeth and pharynx with anterior and posterior bulbs (Soertaet & 
41 Vincx, 1988; Gourbault & Vincx, 1990; Shi & Xu, 2016). The genus currently has three valid 
42 species: S. bathyalis Soertaet & Vincx, 1988 (Mediterranean, Calvi Bay; 280�820 m depth); S. 
43 boucherorum Gourbault & Vincx, 1990 (Caribbean Sea, Guadeloupe; 2 m depth) and S. undulatus 
44 Shi & Xu, 2016 (China Sea, Nanji Islands; Dasha�ao sand beach). 

45 Ixonema is the only representative of the family Microlaimidae that has three caudal glands 
46 with separate outlets, a feature considered rare in free-living marine nematodes (Lorenzen 1971, 
47 1994). Often, representatives of this taxon are found with the cuticle covered by particles, such as 
48 algae, suggesting that these organisms are capable of carrying their own food (Steyaert et al. 1999). 
49 Additionally, this genus is characterized by a narrow and elongated anterior end, amphidial fovea 
50 far from the anterior end with a corpus gelatum projecting from the amphidial opening, a small 
51 mouth cavity and three minute teeth (Tchesunov, 2014). Only three species have been described 
52 for Ixonema: I. sordidum Lorenzen, 1971 (North Sea, German Bight; sublittoral region, depth 
53 unspecified); I. powelli Jensen, 1985 (Gulf of Mexico; 72 m depth) and I. deleyi Muthumbi & 
54 Vincx, 1999 (Indian Ocean, Kenyan coast; 21�2007 m depth).

55 Here we will describe two new species, one from the Spirobolbolaimus genus and another 
56 from the Ixonema genus, found along the break of the continental shelf off Northeastern Brazil. 
57 Amendments to the diagnosis and dichotomous keys are proposed for both genera.

58 Material and methods

59 Study area (Table 1). Sampling was carried out during an oceanographic campaign associated 
60 with the UFPE S.O.S. SEA project, in November and December 2019, on board the ship Vital de 
61 Oliveira. The sampling grid consisted of 23 collection stations arranged along the break of the 
62 Continental Shelf in Northeast Brazil, off the coast of the states of Rio Grande do Norte, Paraíba, 
63 Pernambuco, Alagoas, Sergipe, Bahia. The collection stations related to the present study are 
64 detailed in Table 1. A box-corer was used to collect sediments, and the meiofauna samples were 
65 obtained with a corer (dimensions 10 x 10 cm).

66 Laboratory processing. In the laboratory, sediment samples were sieved using a 500 ¿m mesh 
67 followed by a 45 ¿m mesh sieve which was used to retain the meiobenthic organisms. The samples 
68 remaining in the 45 ¿m mesh were extracted with colloidal silica (Somerfield, Warwick & Moens, 
69 2005).

70 Nematoda were counted (and removed) under a stereomicroscope using a Dolffus plate. 
71 All individuals were transferred to a small glass container containing a solution with 99% 
72 formaldehyde (4%) + 1% glycerin (Solution 1 � De Grisse 1969). The methodology for 
73 impregnating each animal's body with glycerin was then applied, followed by diaphanization, 
74 according to the method described by De Grisse (1969). The individuals were mounted 
75 permanently on glass slides, as an adaptation of the method described by Cobb (1920). The genus 
76 was identified by using keys provided by Warwick, Platt & Somerfield (1998) and Decraemer & 
77 Smol (2006). Species were identified through the comparison of their characteristics with those 
78 provided in the original descriptions. Drawings were made with the aid of an Olympus CX 31 

PeerJ reviewing PDF | (2024:04:99887:0:2:NEW 7 May 2024)

Manuscript to be reviewed



79 optical microscope fitted with a drawing tube. Body measurements were taken using a mechanical 
80 map meter. The holotype and one paratype (female) of each species are deposited in the Nematoda 
81 Collection of the Museum of Oceanography Prof. Petronio Alves Coelho (MOUFPE), Brazil. 
82 Other paratypes are deposited in the Meiofauna Laboratory, Zoology Department, Federal 
83 University of Pernambuco (NM LMZOO-UFPE).

84 The electronic version of this article in Portable Document Format (PDF) will represent a 
85 published study according to the International Commission on Zoological Nomenclature (ICZN), 
86 and hence the new names contained in the electronic version are effectively published under the 
87 Code from the electronic edition alone. This published research and the nomenclatural acts it 
88 contains have been registered in ZooBank, the online registration system for the ICZN. The 
89 ZooBank LSIDs (Life Science Identifiers) can be resolved and the associated information viewed 
90 through any standard web browser by appending the LSID to the prefix http://zoobank.org/. The 
91 LSID for this publication is: urn:lsid:zoobank.org: pub: urn:lsid:zoobank.org:pub:8B5A29A6-
92 0EF8-454C-A62F-8C0B59390B83. The online version of this research is archived and available 
93 from the following digital repositories: PeerJ, PubMed Central and CLOCKSS.

94

95 Results

96

97 SYSTEMATICS

98 Class CHROMADOREA Inglis, 1983

99

100 Subclass CHROMADORIA Pearse, 1942

101

102 Order Microlaimida Leduc, Verdon & Zhao, 2018

103 Superfamily Microlaimoidea Micoletzky, 1922

104

105 Family Microlaimidae Micoletzky, 1922

106

107 Genus Spirobolbolaimus Soetaert & Vincx, 1988

108 Diagnosis. (Emended from Shi & Xu, 2016) Microlaimidae. Cuticle annulated. Anterior sensilla 

109 in three circles: six inner labial setae papilliform; six stout outer labial setae (sometimes 

110 jointed); and four cephalic setae shorter or similar in length to the six outer labial setae. 
111 Buccal cavity large, armed with a well-developed dorsal tooth and a pair of ventrosublateral 

112 teeth. Additional lateral teeth may be present. Amphidial fovea multispiral and ventrally 
113 wound, sclerotized. Postamphidial setae in six or eight longitudinal rows. Pharynx with anterior 
114 bulb. Oval posterior bulb present or absent. Females with two outstretched ovaries. Males with 
115 two opposed testes. Copulatory apparatus strongly sclerotized. Gubernaculum with or without 
116 apophysis. Precloacal supplements (papilliform or small pores) present or absent. Oval, 

117 elongated or banana-shaped spermatozoa. Tail conical.
118 Type species: Spirobolbolaimus bathyalis Soetaert & Vincx, 1988
119

120 List of valid species of Spirobolbolaimus Soetaert & Vincx, 1988
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121

122 Spirobolbolaimus bathyalis Soetaert & Vincx, 1988
123 Spirobolbolaimus boucherorum Gourbault & Vincx, 1990
124 Spirobolbolaimus pernambucanus sp. n.

125 Spirobolbolaimus undulatus Shi & Xu, 2016
126

127 Description of new species

128

129 Spirobolbolaimus pernambucanus sp. n.

130 (Table 2; Fig 1�4)

131 Material studied. Holotype male (MOUFPE 0022), paratype female (MOUFPE 0023), 1 male 
132 paratype (485 NM LMZOO-UFPE) and 2 female paratypes (486�487 NM LMZOO-UFPE).
133

134 Type locality. South Atlantic Ocean, Continental shelf off the State of Pernambuco, Brazil, station 
135 8 (S 08°16'17.10" W 34°39'34.80"), November 26, 2019, 52 m. 
136

137 Locality of paratypes. Female paratypes:  South Atlantic Ocean, Continental shelf off the State 
138 of Paraíba, Brazil, station 6 (S 07°25'15.48" W 34°29'16.56"), November 27, 2019, 47 m. Paratype 
139 male 1: South Atlantic Ocean, Continental shelf of the State of Pernambuco, Brazil, station 8 (S 
140 08°16'17.10" W 34°39'34.80"), November 26, 2019, 52 m.
141

142 Etymology. Due to the location where the holotype was collected. Pernambucanus is the Latinized 
143 form of the term "pernambucano". In Brazil, "pernambucano" refers to something or someone 
144 originating from the state of Pernambuco.
145

146 Holotype male. Body cylindrical (1716 ¿m long) and slightly narrow anteriorly. Maximum body 
147 diameter corresponding to 1.2 times the head diameter. Head blunt, slightly set-off. Cuticle striated 
148 from the posterior edge of the amphidial fovea. Cuticular pores not observed. Anterior sensilla 
149 arranged in the 6+6+4 pattern: six inner labial papillae (2 ¿m long), six outer labial setae with a 
150 broad base (7 ¿m long) and four slender cephalic setae about the same length as the outer labial 
151 setae. Cephalic setae corresponding to 21% of head diameter. Amphidial fovea distinctly 
152 sclerotized, multispiral, ventrally wound, about 3 turns, occupying 36% of corresponding body 
153 diameter and located 0.4 times the head diameter of the anterior end. Buccal cavity with a strong 
154 dorsal tooth and two ventrosublateral teeth located at the same level. Cheilostoma possesses 12 
155 rugae. Eight rows of cervical setae starting 11 ¿m behind the amphid fovea. Pharynx (220 ¿m) 
156 with anterior bulb surrounding the buccal cavity. Basal bulb is oval and not very prominent, 
157 occupying 67% of corresponding body diameter. Cardia embedded in intestine. Nerve ring situated 
158 at 55% of the pharynx length, from anterior end. Ventral gland and secretory-excretory pore not 
159 observed. Reproductive system with two opposed and outstretched testes, both to the left of the 
160 intestine. Elongated sperm. Spicules sclerotized with a capitulum. Gubernaculum plate-like with 
161 dorsal apophysis. Twelve pore-like precloacal supplements present and arranged at irregular 
162 intervals. The closest supplement to the cloaca is located at 24.5 ¿m and the farthest at 258.5 ¿m. 
163 A pair of precloacal ventrosublateral setae located between the cloaca and the closest supplement 
164 to it. Three caudal glands. Tail conical (4 times the cloacal body diameter) with two rows of short 
165 ventrosublateral setae. 
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166

167 Paratype female. Similar to male. Body measuring 1752 ¿m in length and maximum diameter 
168 46.5 ¿m (1.3 times the head diameter). Cuticle striated behind the posterior edge of the amphidial 
169 fovea. Anterior sensilla arranged in the 6+6+4 pattern: six inner labial papillae (2 ¿m long), six 
170 outer labial setae with a broad base (7 ¿m long) and four slender cephalic setae (6 ¿m long, 
171 corresponding to 17% of head diameter). Amphidial fovea distinctly sclerotized, multispiral, 
172 ventrally wound, about 2 ¾ turns, occupying 35% of corresponding body diameter and located 0.3 
173 times the head diameter of the anterior end. Buccal cavity, teeth and pharynx similar to that of 
174 males. Basal bulb is oval and not very prominent, occupying 66% of corresponding body diameter. 
175 Nerve ring situated at 56% of the pharynx length, from anterior end. Vulva located 960 ¿m from 
176 anterior end, at 55% of body length. Reproductive system didelphic-amphidelphic, with 
177 outstretched ovaries. Anterior ovary situated to right side of intestine, posterior ovary to left side 
178 of intestine. Tail conical, about 4 times the anal body diameter.
179

180 Diagnosis. Spirobolbolaimus pernambucanus sp. n. it is characterized by its body length (1716�
181 1848 ¿m). Cuticle striated. Head blunt, slightly set-off. Six outer labial setae with a broad base and 
182 four slender cephalic setae about the same length as the outer labial setae. Amphidial fovea 
183 sclerotized, multispiral, ventrally wound, about 2 ¾�3 turns, occupying 31�36% of the 
184 corresponding body diameter, located at about 0.2�0.4 times the head diameter. Eight rows of 
185 cervical setae. Buccal cavity with a strong dorsal tooth and two ventrosublateral teeth. Spicules 
186 sclerotized with a capitulum (1.5�1.7 times the cloacal body diameter) and gubernaculum plate-
187 like with dorsal apophysis. Twelve pore-like precloacal supplements. Tail conical which 
188 corresponds to 3�4 cloacal or anal body diameter.

189 Differential diagnosis. Spirobolbolaimus pernambucanus sp. n. shares the following features 
190 with S. undulatus: number of longitudinal rows of cervical setae (eight in both species), spicule 
191 length (53�55 ¿m in the new species and 51�55 ¿m in S. undulatus) and the ratio between spicule 
192 length and the cloacal body diameter (1.5�1.7 in S. pernambucanus sp. n. and 1.3�1.5 in S. 
193 undulatus). Nevertheless, S. pernambucanus sp. n. differs from S. undulatus in terms of body 
194 length (1686�1848 ¿m in the new species vs 2035�2558 ¿m in S. undulatus), the absence of jointed 
195 outer labial setae (vs outer labial setae jointed in S. undulatus), the presence of outer labial setae 
196 about the same length as the cephalic setae (vs outer labial setae longer than cephalic setae in S. 
197 undulatus) and the number of precloacal supplements (12 pore-like precloacal supplements in the 
198 new species vs 18�19 precloacal supplements in a series of mid-ventral elevations with pores on 
199 tops in S. undulatus).  Furthermore, additional teeth are absent in S. pernambucanus sp. n. (vs 
200 present in S. undulatus).
201

202 Spirobolbolaimus pernambucanus sp. n. shares some features with adult specimens of S. 
203 boucherorum, such as: body length (1686�1848 ¿m in the new species vs 1460�1870 ¿m in S. 
204 boucherorum), amphidial fovea diameter (11�12 ¿m in S. pernambucanus sp. n. and 10�12 ¿m in 
205 S. boucherorum) and de Man�s ratio c (13�16 in the new species and 12�17 in S. boucherorum). 
206 However, S. pernambucanus sp. n. differs from S. boucherorum in terms of the number of 
207 precloacal supplements (12 in the new species vs 7 in S. boucherorum), the length and shape of 
208 the gubernaculum (19�19.5 ¿m in S. pernambucanus vs 23�30 ¿m in S. boucherorum) and the 
209 presence of outer labial setae that are about the same length as the cephalic setae (vs outer labial 
210 setae longer than cephalic setae in S. boucherorum).
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211

212 Dichotomous identification key for valid species of the genus Spirobolbolaimus Soetaert & 

213 Vincx, 1988

214

215 1. Six rows of cervical setae ����.....�������.....��..�..� S. bathyalis

216 � Eight rows of cervical setae �������������.......��.���.�.. 2
217 2. Outer labial setae jointed .................................................................�...... S. undulatus

218 � Outer labial setae non-jointed ��������������...����.��. 3
219 3 Seven pore-like precloacal supplements �������.............� S. boucherorum

220 � Twelve pore-like precloacal supplements ���.................. S. pernambucanus sp. n.

221

222 Genus Ixonema Lorenzen, 1971

223 Diagnosis. (Emended from Tchesunov, 2014) Microlaimidae. Cuticle finely striated but can 

224 appear smooth and may be covered with sediment particles. Anterior sensilla arranged 

225 according to 6 + 6 + 4 pattern: six inner labial papillae; six outer labial papillae; and four 

226 cephalic setiform sensilla. Anterior end narrowed and elongated. Amphid fovea small circular 

227 or pocket-shaped, far posterior to the anterior end, with protruding rod-shaped corpus 

228 gelatum (not seen in some species, lost/broken or absent?). Buccal cavity small, armed with a 

229 dorsal tooth and a pair of ventrosublateral teeth (additional small teeth posterior to 

230 ventrosublateral may be present). Somatic setae stout or on peduncles, sometimes jointed, 

231 arranged in rows along the body. Males with two opposite and outstretched testicles. 
232 Precloacal supplements in the form of jointed or non-jointed setae may be present. Ventral 

233 supplements in the form of jointed setae located just behind the pharynx may be present. 

234 Gubernaculum present or absent, when present without apophyses. Female didelphic-

235 amphidelphic, with outstretched ovaries. Tail conical. Each caudal gland with its own outlet on 
236 the tail tip. 
237 Type species: Ixonema sordidum Lorenzen, 1971
238

239 List of valid species of Ixonema Lorenzen, 1971

240

241 Ixonema deleyi Muthumbi & Vincx, 1999
242 Ixonema gracielea sp. n.

243 Ixonema powelli Jensen, 1985 
244 Ixonema sordidum Lorenzen, 1971
245

246 Description of new species

247

248 Ixonema gracielea sp. n.

249 (Table 3; Fig 5�9)

250 Material studied. Holotype male (MOUFPE 0024), paratype female (MOUFPE 0025), 3 male 
251 paratypes (488�490 NM LMZOO-UFPE) and 2 female paratypes (491�492 NM LMZOO-UFPE).
252

253 Type locality. South Atlantic Ocean, Continental shelf off the State of Alagoas, station 12 (S 
254 09°39'14.52" W 35°15'21.66"), November 25, 2019, 50m. 
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255

256 Etymology. The species name is a tribute to Graciele Mariza dos Santos Alves, wife of the first 
257 author.
258

259 Holotype male. Body cylindrical, short and plump, attenuating on both ends and thick in the 
260 middle (586.5 ¿m long). Maximum body diameter corresponding to 4.1 times the head diameter. 
261 Cuticle finely striated, the striations are so delicate that they are difficult to visualize (striations are 
262 most visible on the tail). Anterior sensilla arranged in the 6+6+4 pattern: six inner labial papillae, 
263 six outer labial papillae and four cephalic setae (6 ¿m long). Cephalic setae corresponding to 74% 
264 of head diameter. Amphidial fovea small and circular, occupying 25% of corresponding body 
265 diameter and located far posterior to the anterior end (4 times the head diameter of the anterior 
266 end). Protruding Corpus gelatum not observed. Buccal cavity with a dorsal tooth and two small 
267 ventrosublateral teeth. Cheilostoma rugae indiscernible under a light microscope. Four sublateral 
268 rows of stout cervical setae located between the posterior region of the cephalic setae and the base 
269 of the amphidial fovea. The first row is 24 ¿m from the anterior end and the second is at the same 
270 height of the amphidial fovea base, 33 ¿m from the anterior end. Six rows of cervical setae on 
271 peduncles located between the posterior region of the amphidial fovea and close to the bulb base: 
272 4 sublateral rows where relatively smaller setae (4�7 ¿m) and long setae (10�16 ¿m) alternate; 2 
273 lateral rows (about 4 ¿m). The first row is about 11 µm from the base of the amphidial fovea. After 
274 the cervical region, the somatic setae are distributed in two rows where the alternation between 
275 two smaller setae (about 5�9 ¿m) and a larger one (12�19 ¿m) usually occurs. Pharynx (104 ¿m) 
276 with prominent terminal bulb, occupying 73% of corresponding body diameter. Cardia embedded 
277 in intestine. Nerve ring situated at 60% of the pharynx length, from anterior end. Ventral gland 
278 and secretory-excretory pore not observed. Reproductive system with two opposed and 
279 outstretched testes on right side of intestine. Spicules curved (39 ¿m), about 2 times the cloacal 
280 body diameter. Gubernaculum slender and without apophysis. Four setiform ventral supplements: 
281 three precloacal supplements plus one located just behind the pharynx. The two setae closest to 
282 the cloaca (10.5 ¿m and 40 ¿m anterior to the cloaca, respectively) are jointed, measuring 7 ¿m 
283 and 6 ¿m respectively; the third precloacal seta is smaller (about 2 ¿m length), apparently non-
284 jointed in light microscopy and far from the cloaca (62 ¿m). The setae located just behind the 
285 pharynx (about 7 ¿m length) are jointed (morphologically similar to the two setae closest to the 
286 cloaca) and are located 84 ¿m from the anterior end. Tail conical (73 ¿m long), with a blunt tip 
287 where the three caudal glands open through separate outlets into papilla-like extensions. 
288

289 Paratype female. Similar to male. Body measuring 667.5 ¿m in length, and maximum diameter 
290 36 ¿m (4.3 times the head diameter). Cuticle finely striated, the striations are so delicate that they 
291 are difficult to visualize. Anterior sensilla arranged in the 6+6+4 pattern: six inner labial papillae, 
292 six outer labial papillae and four cephalic setae (7 ¿m long, corresponding to 88% of head 
293 diameter). Amphidial fovea small and circular, occupying 21% of corresponding body diameter 
294 and located far posterior to the anterior end (3.9 times the head diameter of the anterior end). 
295 Protruding corpus gelatum not observed. Morphologies and distribution patterns of cervical and 
296 somatic setae are similar to the male. Jointed ventral seta located just behind the pharynx absent. 
297 Buccal cavity, teeth and pharynx similar to that of male. Bulb occupying 74% of corresponding 
298 body diameter. Nerve ring situated at 67% of the pharynx length, from anterior end. Vulva located 
299 411 ¿m from anterior end, at 62% of body length. A pair of ventral papillae surround the vulva.  
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300 Reproductive system didelphic-amphidelphic, with outstretched ovaries. Anterior and posterior 
301 ovary to right side of intestine. Tail conical (67 ¿m long), similar to the male. 
302

303 Diagnosis. Ixonema gracielea sp. n. it is characterized by its finely striated cuticle. Amphidial 
304 fovea small and circular located far posterior to the anterior end. Protruding corpus gelatum not 
305 observed. Rows of cervical and somatic setae on peduncles along the body. Reproductive system 
306 with two opposed and outstretched testes in the males and didelphic-amphidelphic, with 
307 outstretched ovaries in the females. Spicules curved and gubernaculum without apophysis. Four 
308 setiform ventral supplements: three precloacal setae (the two closest to the cloaca are jointed and 
309 the furthest apparently non-jointed) and a jointed ventral seta located just behind the pharynx. Tail 
310 conical with a blunt tip where the three caudal glands open through separate outlets into papilla-
311 like extensions.

312 Differential diagnosis. Ixonema gracielea sp. n. resembles the monospecific genus Bathynox 
313 (Bussau, 1993) Bussau & Vopel, 1999 due to the presence of the setae on peduncles distributed 
314 along the whole body. However, I. gracielea sp. n. differs from Bathynox in having three caudal 
315 glands opening through separate outlets in papilla-like extensions (vs three glands opening in a 
316 single outlet in Bathynox). Furthermore, the male reproductive system is different between the 
317 genera: male diorchic in I. gracielea sp. n. vs male monorchic in Bathynox and the gubernaculum 
318 lacks apophysis in I. gracielea sp. n. vs the presence of dorsal apophysis in Bathynox.
319 The presence of setae on peduncles in I. gracielea sp. n. differentiates it from other species 
320 of the genus. The new species shares the presence of a single jointed ventral seta located just 
321 behind the pharynx with I. powelli, as well as jointed precloacal setae in the males. Nonetheless, 
322 I. gracielea sp. n. differs from I. powelli in terms of the shape of the amphidial fovea (circular in 
323 I. gracielea sp. n. vs pocket-like in I. powelli), the distribution pattern and number of rows of 
324 cervical setae (6 rows of cervical setae in I. gracielea sp. n. vs 4 rows of cervical setae I. powelli) 
325 and gubernaculum length (11.5�14.5 ¿m in I. gracielea sp. n. vs about 6 ¿m in I. powelli).
326 Ixonema gracielea sp. n. differs from I. sordidum in having long somatic setae alternating 
327 with short somatic setae along the body and due to the presence of precloacal supplements, these 
328 characteristics are absent in the mentioned species. I. gracielea sp. n. differs from I. deleyi in terms 
329 of the presence of the gubernaculum (vs absent in I. deleyi) and the number and morphology of 
330 supplements (jointed ventral seta located just behind the pharynx + two jointed setae closer to the 
331 cloaca and a smaller non-jointed seta further away in I. gracielea sp. n. vs a single non-jointed 
332 ventral precloacal seta in I. deleyi). 
333

334

335 Dichotomous identification key for valid species of the genus Ixonema Lorenzen, 1971

336

337 1. Precloacal supplements absent �������.����.��..�..� I. sordidum

338 � Precloacal supplements present ���������...��������..�... 2
339 2. Gubernaculum absent �����������������.����. I. deleyi

340 � Gubernaculum present ����������������..�����.��. 3
341 3 Amphidial fovea circular and somatic seta on peduncles ...........� I. gracielea sp. n.

342 � Amphidial fovea pocket-shaped and somatic seta jointed ������..... I. powelli

343

344 Discussion
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345

346 Although there are no records of species originally described for the South Atlantic, the 
347 occurrence of Spirobolbolaimus and Ixonema was previously reported for this region. 
348 Spirobolbolaimus was found in the sublittoral of Pedra do Xaréu Beach, Pernambuco, 
349 Northeastern Brazil (Rocha et al., 2006). This taxon was also found in sediment samples from the 
350 Grussaí canyon and a point adjacent to it in the Campos Basin, Southeastern Brazil (Silva, 2012). 
351 Ixonema was identified in samples from the Campos Basin Slope, Southeastern Brazil (Moura, 
352 2013).
353

354 Spirobolbolaimus pernambucanus sp. n. is the first species of the genus described for the 
355 South Atlantic. A comparison of the main characters of all valid species of Spirobolbolaimus is 
356 presented in Table 4. In all previously described species, the outer labial setae are longer than the 
357 cephalic setae. However, the outer labial setae of S. pernambucanus sp. n. are similar in length to 
358 the cephalic setae. We include this feature in the diagnosis of the genus. Based on the described 
359 species, we added the following characteristics to the diagnosis of the genus: the morphology of 
360 the buccal cavity and teeth that usually occur in species; the types of precloacal supplements; 
361 sperm and tail shape; occurrence of jointed outer labial setae. Jointed labial setae, as seen in S. 
362 undulatus, may be present in more genera or species than mentioned in the descriptions, since in 
363 some cases this characteristic may have been overlooked (Lorenzen, 1994). 
364

365 Ixonema gracielea sp. n. can be easily confused and classified as belonging to the genus 
366 Bathynox, mainly due to the presence of rows setae on peduncles distributed along the body. 
367 However, I. gracielea sp. n. presents a combination of differential characteristics that typically 
368 only occur in representatives of the genus Ixonema: three caudal glands open through separate 
369 outlets into papilla-like extensions, two opposite and outstretched testes and gubernaculum without 
370 apophysis (Lorenzen, 1971; Jensen, 1985; Muthumbi & Vincx, 1999). Therefore, the presence of 
371 such characteristics invalidates the hypothesis of including this species in another genus and 
372 reinforces its taxonomic position. In the Microlaimidae family, the presence of caudal glands with 
373 independent outlets is unique for the genus Ixonema, and this feature is considered 
374 phylogenetically primitive (Lorenzen, 1971). Ixonema gracielea sp. n.  is the first species of the 
375 genus described from the South Atlantic. The description of this new species strongly contributes 
376 to the knowledge and the variability of this genus. 

377 Among the three valid species of Ixonema, it was possible to observe variations in some 
378 important characteristics for the identification of the genus that were absent in the last diagnosis 
379 of the genus provided by Tchesunov (2014). A comparison of the main characters of all valid 
380 species of Ixonema is presented in Table 5. The cuticle of the species I. sordidum and I. powelli 
381 was described as smooth (Lorenzen, 1971; Jensen, 1985). In both species, the cuticle was covered 
382 by a thin layer of particles, except in a I. powelli male, where it was possible to visualize 
383 subcuticular striae in the most anterior region of the pharynx. Electron microscopy analysis 
384 allowed the description of a very finely striated cuticle for I. deleyi (Muthumbi & Vincx, 1999). 
385 Tchesunov, Jeong & Lee (2021) included this variation in a comparative table between the genera 
386 of Microlaimidae but did not provide a complete diagnosis of Ixonema. In the new species, the 
387 cuticle is similar to that described for I. deleyi, and it is possible to visualize very fine striations on 
388 the tail of the analyzed specimens, even using optical microscopy. Therefore, the cuticle of 
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389 Ixonema is very finely striated, but can also appear smooth, especially when using light 
390 microscopy. 
391

392 The amphidial fovea can vary from circular (I. sordidum, I. deleyi and I. gracielea sp. n.) 
393 to pocket-like (I. powelli). A protruding rod-shaped corpus gelatum is present in I. sordidum and 
394 I. deleyi. This characteristic was not observed in I. powelli and I. gracielea sp. n. When 
395 establishing the genus, Lorenzen (1971) argued that the walls of the gelatinous rods do not appear 
396 to be delicate structures. However, although I. deleyi presents a protruding corpus gelatum, in the 
397 electron microscopy analyzes provided in the original description of this species, it is possible to 
398 observe that this structure seems to have been lost during specimen preparation (see in Muthumbi 
399 & Vincx, 1999 - figure 7). This observation is not in line with Lorenzen's assumption (non-delicate 
400 structures). Therefore, we do not know for sure if this structure is absent in I. powelli and I. 
401 gracielea sp. n. or if it was lost/broken during sample processing and organism preparation, which 
402 commonly occurs with other structures such as the tail and setae. 
403

404 The gubernaculum is present and lacks apophyses in the species I. gracielea sp. n., I. 
405 sordidum and I. powelli. However, this structure is absent in I. deleyi. Supplements in the form of 
406 jointed setae in a ventral position are present just behind the pharynx and in front of the cloaca in 
407 I. powelli and I. gracielea sp. n. A non-jointed ventral seta located anterior to the cloacal opening 
408 is present in I. deleyi. Due to the similarity with I. powelli and I. garacielea sp. n. in relation to the 
409 position at which the seta is located, we will consider it as a precloacal supplement. Jointed somatic 
410 setae may be present (I. powelli). The occurrence of somatic setae on peduncles described for the 
411 new species is unprecedented for the genus. The variation of the characters discussed above, in 
412 addition to the new features found in the new species, were included in the diagnosis of the genus. 
413

414 The present study increases the number of Microlaimidae species originally described from 
415 sediment samples collected in the South Atlantic. These results demonstrate that a great effort is 
416 still required in order to fully understand the real richness of the Microlaimidae assemblage present 
417 in the South Atlantic.
418
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Figure 1
Spirobolbolaimus pernambucanus sp. n. holotype male.

Holotype male: (A) overview; (B) anterior region; (C) anterior end (sensilla arranged,
amphidial fovea and cervical setae); (D) anterior end (buccal cavity); (E) posterior region.
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Figure 2
Spirobolbolaimus pernambucanus sp. n. paratype female.

Paratype female: (A) overview; (B) anterior region; (C) anterior end (sensilla arranged,
amphidial fovea and cervical setae); (D) tail.
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Figure 3
Spirobolbolaimus pernambucanus sp. n.: holotype male.

Holotype male: (A) anterior region: arrows indicating outer labial setae (l. ext.), cephalic
setae (cs) and cervical setae (cer. s.); (B) anterior region (amphidial fovea); (C) anterior end:
arrows indicating the dorsal tooth (dt) and pharynx (ph); (D) posterior end: arrows indicating
pore-like precloacal supplements farthest from the cloaca; (E) posterior end: arrow indicating
arrows indicating pore-like precloacal supplements closer to the cloaca; (F) posterior end:
arrow indicating the spicule (spic), gubernaculum (gub) and rows of setae on the tail (r.t.).
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Figure 4
Spirobolbolaimus pernambucanus sp. n. paratype female.

Paratype female: (A) anterior region: arrows indicating outer labial setae (l. ext.), cephalic
setae (cs) and cervical setae (cer. s.); (B) anterior region (amphidial fovea); (C) anterior end:
arrow indicating the dorsal tooth (dt); (D) tail; (E) vulva region: arrows indicating the vulva
(V) and sperm (sper).
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Table 1(on next page)

Collection stations and their respective coordinates and depths. The samples were
collected at the break of the continental shelf in Northeast Brazil, South Atlantic.
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Station Latitude Longitude Depth

6 S 07°25'15.48" W 34°29'16.56" 47 m 

8 S 08°16'17.10" W 34°39'34.80" 52 m

12 S 09°39'14.52" W 35°15'21.66" 50 m

1
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Table 2(on next page)

Morphometric data of Spirobolbolaimus pernambucanus sp. n. The measurements are
expressed in micrometers, or if noted, as a percentage or ratio. Not applicable (*); not
available for measurement (-); a, b, c, c9 = de Man9s ratios (1880).
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1

Spirobolbolaimus pernambucanus sp. n.
Holotype 

male
Male 

paratype
Females 

paratypes 

Body length 1716 1848 1686�1800

Inner labial papillae length 2 - 2

Outer labial setae length 7 7 7

Cephalic setae length 7 7 5.5�7

Head diameter at level of the cephalic setae 34 34 35�36

Cephalic setae in relation to head diameter (%) 21% 21% 15�19%

Distance from anterior end to amphidial fovea 12 13 8�10.5

Distance from anterior end to amphidial fovea in relation to head diameter 0.4 0.4 0.2�0.3

Amphidial fovea diameter (maximum width) 12 12 11�12

Body diameter at level of the amphidial fovea 34 34 34.5�37

% of the amphidial fovea diameter in relation to corresponding body diameter 36% 36% 31�35%

Pharynx length 220 223 226.5�241.5

Position of nerve ring from anterior end 120 133.5 125�138

Nerve ring position in relation to pharynx length (%) 55% 60% 55�56%

Pharyngeal bulb diameter 26 30 28.5�31

Body diameter at level of the pharyngeal bulb 38 40 44�46.5

% of basal bulb diameter in relation to corresponding body diameter 67% 75% 64�66%

Maximum body diameter 40 44.5 46.5�48

Anal or cloacal body diameter 31 36 32�33

Tail length 120 114 117�131

Length of spicule along arc 53 55 *

Length of spicule along cord 40 42 *

Length of gubernaculum 19.5 19 *

Length of gubernaculum in relation to length of spicule along arc 37% 35% *

Length of spicule along arc in relation to cloacal body diameter 1.7 1.5 *

Distance from anterior end to vulva * * 867�984

Position of vulva from anterior end (%) * * 51�55%

Body diameter in vulva region * * 46.5�48

Anterior ovary length * * 354�408

Posterior ovary length * * 252�288

Reproductive system length 927 1104 642�666

% of reproductive system in relation to body length 54% 60% 36�39%

a 43 42 35�39

b 8 8 7�7.5

c 14 16 13�14

c' 4 3 4

2

3
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Table 3(on next page)

Morphometric data of Ixonema gracielea sp. n. The measurements are expressed in
micrometers, or if noted, as a percentage or ratio. Not applicable (*); a, b, c, c9 = de
Man9s ratios (1880).
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1

Ixonema gracielea sp. n.
Holotype 

male
Males 

paratypes
Females 

paratypes

Body length 586.5 562.5�630 553.5�667.5

Outer labial setae length <� <� <�

Cephalic setae length 6 5�7 6�7

Head diameter at level of the cephalic setae 8 8�9 8�9

Cephalic setae in relation to head diameter (%) 74% 67�82% 71�88%

Distance from anterior end to amphidial fovea 31 31.5�34 29�32.5

Distance from anterior end to amphidial fovea in relation to head diameter 4 3.7�4.1 3.2�3.9

Amphidial fovea diameter (maximum width) 3 3 2.5�3

Body diameter at level of the amphidial fovea 13 14 13�14

% of the amphidial fovea diameter in relation to corresponding body diameter 25% 21�22% 19%�23%

Pharynx length 104 99�104 96�102

Position of nerve ring from anterior end 63 68�71 64�67

Nerve ring position in relation to pharynx length (%) 60% 68% 65�67%

Pharyngeal bulb diameter 18 17.5�19 19�19.5

Body diameter at level of the pharyngeal bulb 26 24�26 25�26

% of basal bulb diameter in relation to corresponding body diameter 68% 70�78% 74�76%

Maximum body diameter 32 31�32 35�36

Anal or cloacal body diameter 21 20 20�20.5

Tail length 73 65.5�69 64�67

Length of spicule along arc 39 33�41 �

Length of spicule along cord 33 30�32 �

Length of gubernaculum 11.5 13�14.5 �

Length of gubernaculum in relation to length of spicule along arc 29% 35�38% �

Length of spicule along arc in relation to cloacal body diameter 1.9 1.7�2 �

Distance from anterior end to vulva � � 261�411

Position of vulva from anterior end (%) � � 47%�62%

Body diameter in vulva region � � 35�36

Anterior ovary length � � 52�69

Posterior ovary length � � 42�69

Reproductive system length 431 425�479.5 105�138

% of reproductive system in relation to body length 73% 67%�82% 16�25%

a 18 18�20 15�19

b 6 6 5�7

c 8 9 8�10

c' 3.5 3�3.5 3

2
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Table 4(on next page)

Comparison between the main features of valid species of Spirobolbolaimus Soetaert &
Vincx, 1988. The original descriptions were used to construct the table (Adult specimens
only).

The measurements are expressed in micrometers, or if noted, as a percentage or ratio.
Absent (-); a, b, c, c9 = de Man9s ratios (1880); length of cephalic setae in relation to length of
outer labial setae (cs. length/ols. length %); distance of amphidial fovea from anterior end in
relation to head diameter (Amph/hd); length of spicule along arc in relation to cloacal body
diameter (spic/c.b.d.); length of gubernaculum in relation to length of spicule along arc
(gub/spic %).
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Spirobolbolaimus

bathyalis

Spirobolbolaimus 

boucherorum

Spirobolbolaimus 

pernambucanus sp. n.

Spirobolbolaimus 

undulatus

L 595�755 1460�1870 1686�1848 2035�2558

a 22.2�30.2 38.4�50 35�43 47�58

b 5�6.2 7.3�9.8 7�8 9�10.2

c 7.7�10.2 12.2�17.4 13�16 14�16.8

c' 3.5�4.5 2.9�3.6 3�4 3.8�4.4

Outer labial setae non-jointed non-jointed non-jointed jointed

cs. length/ols. length % 25�30% 75% 79�100% 53�80%

Amph/hd 0.3 0.25�0.3 0.2�0.4 0.3

Number of turns of amphids  4 ¾ turns 2 ¾ turns 2 ¾�3 turns 3 turns

amph% 55�65% 29�35% 31�36% 39�43%

Rows of cervical setae 6 8 8 8

Precloacal supplements - 7 pore-like 12 pore-like
18�19 elevations 

with pores on tops

spic/c.b.d. 1.5 1.7 1.5�1.7 1.3�1.5

gub/spic % 36�42% 43% 35�37% 48�56%

2
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Table 5(on next page)

Comparison between the main features of valid species of Ixonema Lorenzen, 1971. The
original descriptions were used to construct the table.

The measurements are expressed in micrometers, or if noted, as a percentage or ratio.
Present (+) or absent (-); a, b, c, c9 = de Man9s ratios (1880); corpus gelatum (cg.); distance
of amphidial fovea from anterior end in relation to head diameter (Amph/hd); length of
spicule along arc in relation to cloacal body diameter (spic/c.b.d.); length of gubernaculum in
relation to length of spicule along arc (gub/spic %); not applicable (x).
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Ixonema deleyi Ixonema gracielea sp. n. Ixonema pop���� Ixonema sordidum

L 245�405 553.5�667.5 640�900 530

a 12.3�22.5 15�19 13�23 16�20

b 3.6�4.9 5�7 5.9 �7 5.1�5.3

c 7.3�9.2 8�10 7.3�10.6 8.2�8.8

c' 2.5�4.5 3�3.5 3.5 3

Amphids
circular 

(rod-like cgc)
circular 

(cgc not seen or absent)
pocket-shaped 

(cg. not seen or absent)
circular 

(rod-like cg.)

Amph/hd 4.8�6.2 3.2�4 4�5 3.6�3.8

Somatic setae stout on peduncles jointed stout

Supplements
1 non-jointed 

precloacal setae

4 jointed setae�
(1 just behind pharynx +3 

precloacal)

3 jointed setae 
(1 just behind pharynx +2 

precloacal)
-

spic/c.b.d. 2 1.7�2 1.4�1.8 1.4

Gubernaculum - + + +

gub/spic % x 29�38% 14% 44%

2 � Precloacal seta furthest from the cloaca apparently non-jointed using light microscopy in 
3 Ixonema gracielea sp. n.

4
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Figure 5
Ixonema gracielea sp. n. holotype male.

Setae on peduncles distributed along the body.
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Figure 6
Ixonema gracielea sp. n. holotype male.

Holotype male: (A) overview; (B) anterior region; (C) anterior end; (D) posterior region.
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Figure 7
FIGURE 7. Ixonema gracielea sp. n.: paratype female.

Paratype female: (A) overview; (B) anterior region; (C) anterior end; (D) tail.
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Figure 8
FIGURE 8. Ixonema gracielea sp. n. holotype male.

Holotype male: (A) anterior region: arrows indicating cephalic setae (cs), a single ventral seta
in the anterior region (vs) and pharyngeal bulb (bulb); (B) anterior region: arrows indicating
the dorsal tooth (dt) and amphidial fovea (amph); (C) anterior end (somatic setae); (D) tail
(arrow indicating three separate tail tip outlets); (E) posterior end: arrows indicating
precloacal supplements (supl); (F) posterior end: arrows indicating precloacal supplement
(supl), spicule (spic) and gubernaculum (gub).
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Figure 9
FIGURE 9. Ixonema gracielea sp. n. paratype female 1 and paratype female 2.

Paratype female 1: (A) anterior region: arrows indicating cephalic setae (cs) and the dorsal
tooth (dt); (B) anterior region: arrows indicating amphidial fovea (amph) and pharyngeal bulb
(bulb); (C) anterior end (somatic setae); (D) reproductive system: arrows indicating the
anterior ovary (ov.a.), posterior ovary (ov.p.) and the vulva (V). Paratype female 2: (E) tail
(arrow indicating three separate tail tip outlets).
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