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Figure 4. Antygomonas paulae sp. nov. Scanning clectron micrographs of introvert and cuticular details. A. Arrangement of scalids in
introvert section 9. B. Arrangement of scalids in introvert section 10 (comparc with diagram in Fig. 2). C. Inner and outer oral styles. D,
Neck region showing placids and interstitial placids. E. Ventromedial sensory spot on segment 1. F. Laterodorsal sensory spot on segment
1. Inset: Segment 1, lateroventral view. G. Cuticular hairs on segment 1. H. Base of middorsal spine on segment 7. 1. Laterodorsal sensory
spot on segment 9. Abbreviations: hs, helioscalid in ring -1; ip, interstitial placid; jo, joint in outer oral style; os, inner oral style; pl, placid;
s¢, scalid; sp, spinoscalid; ss, sensory spot; ts, trichoschid; tu, tube,

Figure 4. Antvgomonas paulae sp. nov. Micrographies au MEB de I'introvert et détails de la cuticule. A, Arrangement des scalides sur
Pintrovert de la section 9. B. Arrangement des scalides de 1'introvert de la section 10 (comparer avec le diagramme de la Fig. 2). C. Stylets
oraux interncs et externes. D. Région du cou montrant les placides et placides intertitiels. E. Tache sensorielle médioventrale sur le segment
1. I. Tache sensorielle latérodorsale sur le segment 1. G. Poils cuticulaires sur le scgment 1. H. Base de I'épine médiodorsale sur le segment
7. 1. Tache sensorielle sur le scgment 9. Abréviations : hs. helioscalide sur I'anneau -1 ; ip, placide interstitiel ; jo, junction du stylet oral
externe ; os, stylet oral interne ; pl, placide : sc, scalide ; sp. spinoscalide ; ss, tache sensorielle ; ts, trichosclide; (u, tube.
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Figure 5. Antygomonas paulae sp. nov. Scanning electron micrographs. A. Male, dorsolateral view. B. Female, ventrolateral view. C.
Male, lateroventral view. D. Neck and first trunk segment, ventral view. E. Trunk segments 1 to 2, dorsal view. F. Trunk segments 2 to 4,
ventral view. G. Trunk segments 10 to 11 in female, ventral view. H. Trunk segments 10 to 11 in male, ventral view. L. Trunk segments 8 to
9, ventral view. Abbreviations: fr, fringe; hp, hairless patch; Its. lateral terminal spine; lve, latcroventral cuspidate spines; lvs, lateroventral
spine; IvL, lateroventral tubule; md, middorsal spine; ms, modified sensory spot; ng, notch at female gonopore opening; se. posterior cuticular
segment exlension; sf, secondary fringe; ss. sensory spot.

Figure 5. Antygomonas paulae sp. nov. Micrographies au MEB. A. Mile, vue dorsolatérale. B. Femelle, vue ventrolatérale. C. Male, vue
ventrolatérale. D. Cou ct premier segment du trone, vue ventrale. E. Segments 1 et 2 du tronc, vue dorsale. F. Segments 2 & 4 du tronc, vue
ventrale. G. Segments 10 et 11 du tronc chez la femelle. vue ventrale. H. Segments 10 et 11 du tronc chez le male, vue ventrale. I. Segments
8 et 9 du tronc, vue ventrale. Abréviations : fr, frange ; hp, zone sans poil ; Its, épinc latérale terminale ; lve, épines cuspides latéroventrales ;
lvs, épine latéroventrale ; Ivt, tubule latéroventral ; md, épine médiodorsale ; ms, tiche sensorielle modifiée ; ng, encoche sur I'ouverture du
gonopore femelle ; sc, extension cuticulaire postérieure du segment ; sf, frange secondaire ; ss, tiche sensorielle.
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scgment is covered by the overlapping cuticular extension.
On the dorsal and lateral sides it looks like the extension on
the previous segment, whereas it becomes very thin on the
ventral side and forms two deep notches around the bascs
of the lateroventral spines (Fig. SF).

Segment 3 has a middorsal spine with paradorsal type 1
sensory spots like the one on the previous segment. A pair
of lateroventral acicular spines with conspicuous fringes at
their bases is present (Figs 1B, 3C & 5F). The spine is
composed of a short basis and a long distal tip. Both the
basis and tip are covered with minute hairs. A pair of
ventrolateral type 2 sensory spots is present (Fig. SF). The
sensory spots have two or three pores. The posterior margin
of the segment is like on the previous segment on the dorsal
and lateral sides. On the ventral side, the posterior segmen-
tal extension is very thin with deep notches at the bases of
the lateroventral spines. A pair of notches is furthermore
present in a more ventromedial position (Fig. 5F). Cuticular
hairs and fringes are like on the previous segment.

Segment 4 has a middorsal spine with paradorsal type 1
sensory spots and a pair of lateroventral acicular spines
with basal fringes. A pair of type 2 sensory spots is located
in the lateral accessory and ventrolateral positions, respec-
tively. Both pairs have 2 central pores and a lateral one on
a tube. Posterior segmental extension, hair and fringe
patterns are generally like on the previous scgment.

Segment 5 has a middorsal spine with paradorsal type 1
sensory spots, a pair of lateroventral cuspidate spines, and
lateral accessory acicular spines (Figs 1B & 3C). Lateral
accessory and ventrolateral sensory spots are not present.
Posterior segmental extension, hair and fringe patterns are
generally like on the previous segment.

Segment 6 has a middorsal spine with paradorsal type |
sensory spots and a pair of lateroventral acicular spines.
Also on this scgment, a conspicuous lateroventral fringe is
present, but on this and the following four segments, the
fringes are moved to a more anterior position, and are not
located particularly at the bases of the spines. A pair of type
2 sensory spots with three pores is present in a midlateral
position. Type 2 sensory spots are also present ventro-
laterally, but the number of pores is uncertain. Posterior
segmental extension, hair and fringe patterns are generally
like on the previous segment.

Scgment 7 has a middorsal spine with paradorsal type |
sensory spots and a pair of lateroventral acicular spines.
Two pairs of type 2 sensory spots are present midlaterally,
one pair is present in a lateral accessory position, and an
additional pair is present in the ventrolateral series. The
sensory spots have two or three pores and the lateral one is
clevated. Posterior segmental extension, hair and fringe
patterns are generally like on the previous segment.

Segment 8 has a middorsal spine with paradorsal type 1
sensory spots, a pair of lateroventral acicular spines, and

lateral accessory cuspidate spines (Figs 1B, 3D & 5I). A
pair of ventrolateral type 2 sensory spots with three pores is
present. Posterior segmental extension, hair and fringe
patterns are generally like on the previous segment.

Segment 9 has a middorsal spine with paradorsal type |
sensory spots, a pair of lateroventral cuspidate spines, and
lateral accessory acicular spines (Figs 1B, 3D-F & 5I). A
pair of laterodorsal sensory spots is present. The spots
probably belong to type 2, but have only one central pore
which is elevated on the tip of a tube (Fig. 4I). Hair and
fringe patterns are generally like on the previous segment.

Segment 10 has a middorsal spine with paradorsal type
| sensory spots and a pair of laterodorsal acicular spines
(Figs 1A & 3B). A pair of subdorsal, laterodorsal and lateral
accessory type 2 sensory spots with two or three pores is
present. The anterior margin of the segment has two to
three secondary fringes, as the previous segments. The
posterior margin of the segmental extension on the tergal
plate has deep notches around the middorsal and latero-
dorsal spines. Otherwise, it is straight. Its posterior margins
on the sternal plates are straight in males (Figs IB, 3E &
SH), whereas it has rounded notches around the female
gonopores (Figs 1C, 3F & 5G). In SEM, the sexes can only
be discriminated by the shape of the posterior sternal plate
margin (Fig. 5G-H). In addition, the female gonopores are
casily recognized in LM as two strongly cuticularized areas
at the intersegmental junction between segment 10 and 11
(Fig. 3F). The differences in length of the laterodorsal
spines do not appear to be sexually dimorphic.

Segment |1 has a middorsal spine with paradorsal type |
sensory spots, one midterminal spine, and paired lateral
terminal and lateral terminal accessory spines (Fig. 1D).
The middorsal spine is considerably longer (250-500 %)
than the middorsal spines on any other segment. The
conspicuous fringe anterior to the base of the middorsal
spine is missing. Paired modified sensory spots (type 3) arc
located at the base of the middorsal spine, the midterminal
spine and at the bases of the lateral terminal spines (Fig.
5G-H). The sensory spots consist of a collar of fringes that
encircle a central tuft of scale-like hairs. The tergal and
sternal plates have only one anterior secondary fringe. The
leaf-like cuticular hairs and posterior segmental extension
are lacking. Instead the segmental plates are equipped with
small triangular hairs. The sternal plates terminate
posteriorly into well-developed pectinate fringes.

Discussion

Tuxonomic remarks

The presence of sixteen placids, first trunk segment
consisting of a closed ring and middorsal spines on several
trunk segments clearly places the new species in the order
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Cyclorhagida and suborder Cyclorhagae (for order and
suborder diagnoses see Higgins, 1990). Several characters
point towards a relationship with Antygomonas, inclusive:
the presence of interstitial placids (see further discussion
below), middorsal and midventral concavities in the anterior
margin of the first trunk segment in combination with the
lack of a middorsal and midventral wedge-shaped cuticular
plate in trunk segment I, mixed presence of cuspidate and
acicular spines, the thickness of the cuticle and its surface
structures, and the characteristic notches in the posterior
margins of the trunk segment. Hence, based on these
similarities the species is assigned to Antygomonas.

Currently Antygomonas consists of two species, A.
incomitata and A. oreas. Antygomonas paulae sp. nov. is
distinguished from A. incomitata by its lack of lateral
accessory cuspidate spines on segment 6 and lateroventral
cuspidate spines on segment 8. The new species is most
casily distinguished from A. oreas from the relative
position of the lateral spines on segment 9. In A. oreas the
acicular spines sit in a lateroventral position and the
cuspidate spines in a lateral accessory position, whereas the
position of these spines have shifted in A. paulae sp. nov. so
that the cuspidate spines are lateroventral and the acicular
ones occupy a lateral accessory position. Antygomonas
paulae sp. nov. can furthermore be discriminated from A.
oreas by the presence of midlateral sensory spots on
segments 2, 6 and 7, lateral accessory sensory spots on
segments 4, 7 and 10 and ventrolateral sensory spots on
segment 3, 4 and 7.

The species of Antygomonas are most casily distin-
guished by the spine formula, or more precisely, the
distribution of lateroventral cuspidate spines. As listed
above, A. paulae sp. nov. generally fits into the genus
diagnosis of Antygomonas, but it also differs in some
crucial points. According to the emended diagnosis given
by Bauer-Nebelsick (1996) the genus is characterized by a
first trunk segment consisting of a completely closed ring,
whereas the following nine segments consist of a tergal
plate with a midventral articulation only. Contrarily, trunk
segments 2 through Il in A. paulae sp. nov. consist of a
tergal plate and two sternal plates, with a distinct mid-
ventral line and much more indistinct articulations between
the tergal and sternal plates. Based on this difference solely,
onc would have to reject assignment of the new species to
Antygomonas, but re-examination of A. oreas paratypes
revealed that segments 2 through 11 in this species also
displays very indistinct lateroventral junctions, hence
consisting of a tergal and two sternal plates. As these lines
are very inconspicuous, and cven invisible in some
specimens, it is very likely that they are present in A.
incomitata as well. Thus, with this correction to the
diagnosis, A. paulae sp. nov. would fit into the genus.

A more consistent ditference, however, can be observed

in the first trunk segment. On the ventral side of this
segment, Antygomonas paulae sp. nov. possesses two
incomplete, but still distinct articulation lines (Figs 1B &
3C), which implies the anlage of an unpaired sternal plate.
Such lines are not reported from any of the previously
described species (Nebelsick, 1990; Bauer-Nebelsick,
1996), and they were not found in the A. oreas paratypes.
However, this single trait is insufficient to justify the
erection of a new genus; in particular because an unpaired
sternal plate in segment | is also found in species of
Sphenoderes and Cateria (Higgins, 1968 & 1969), which
implies that the trait could be considered plesiomorphic for
Antygomonas paulae sp. nov.

Morphological remarks: The introvert

Available information on the detailed morphology of the
introvert armature in different kinorhynch species is
currently rather sporadic, and much of it relies on reports
from the older literature and is based on light microscopi-
cal observations only. Summaries of our current knowledge
of scalid arrangements in various kinorhynch species have
been given by Nebelsick (1993) and Neuhaus (1995). A
comparison between the investigated species quickly
reveals that the number of scalids in each ring varies greatly
between the different taxa, and a distinct pattern is not
readily observed. Neither does the scalid arrangement in
Antygomonas paulae sp. nov. fit any other investigated
species. Instead of comparing the scalid arrangement ring-
by-ring, it might however be an advantage to use another
comparative approach, and focus on the arrangement in
radial sections (sections are illustrated on Fig. 2). First, we
do not know whether the exact position of a specific scalid
is fixed or whether it can be radially displaced in closely
related species, so that two homologues scalids appear in
different, neighboring rings. Furthermore, we have to be
aware that the introvert morphology is rather complex, and
that the exact location of cach scalid may depend on the eye
that secs it. It is not unlikely that different authors have
reported homologous scalids as appearing in different rings.
Thus, by comparing the scalid arrangement sectionvise
instead of ringvisc we might be able to overcome problems
with radial displacement and bias from incongruent inter-
pretations. Sectionvise comparison, however, requires a
complete diagram of the introvert armature and currently
this is available from eight species only, of which just seven
descriptions are based on examinations with SEM:
Kinorhynchus phyllotropis Brown & Higgins, 1983 (see
Brown, 1989), Paracentrophyes praedictus Higgins, 1983
(see Neuhaus, 1995), Zelinkaderes floridensis Higgins.
1990 (see Higgins, 1990), Z. klepali Bauer-Nebelsick, 1995
(see Bauer-Nebelsick, 1995), Antygomonas oreas Bauer-
Nebelsick, 1996  (see  Bauer-Nebelsick, 1996)
Condyloderes paradoxus Higgins, 1969 (sec Higgins,
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1969), Echinoderes capitatus Zelinka, 1928 (sece Nebelsick,
1993) and Tubulideres seminoli (Sgrensen et al., in press).
Available information on scalid arrangements compared
sectionvise is presented in Table 3.

A sectionvise comparison between the scalid arrange-
ment in A. paulae sp. nov. and other species reveals that the
outer introvert armaturc follows an identical pattern as
present in A. oreas, K. phyllotropis, P. praedictus, and T.
seminoli. An almost corresponding pattern is found in E.
capitatus as well, cven though some of the trichoscalids in
the outermost ring apparently have been transformed to, or
replaced by, regular scalids (Nebelsick, 1993).

Sensory spots

In her review of kinorhynch sensory spots, Nebelsick
(1992) distinguishes between three types namely type 1,
consisting of numerous cuticular papillae and a central and
a lateral pore. This type is found in various taxa of both
Cyclorhagida as well as Homalorhagida. Even though all
type 1 sensory spots probably can be considered
homologous, they tend to display a quite heterogeneous
morphology, and the disparity can be significant, even on
suprageneric levels (Sgrensen, 2006). Type 2 sensory spots
resemble type 1, but the lateral pore is elevated at the tip of
a small tube. This type has only been reported from
homalorhagid species (e.g. Brown & Higgins, 1983;
Higgins, 1983; Higgins & Kristensen, 1988; Lemburg,
2002). Type 3, also referred to as modified sensory spots, is
always located on the terminal trunk segment and consists
of a conus like basal part with terminal papillae. This type
was first reported from homalorhagids (Higgins, 1983;
Higgins & Kristensen, 1988; Neuhaus, 1995), but has later
been recorded from cyclorhagids as well, inclusive species

of Antygomonas (see Nebelsick, 1990; Bauer-Nebelsick,
1996), Zelinkaderes (see Bauer-Nebelsick, 1995),
Semnoderes (Se¢rensen, pers. obs.), and Tubulideres
(Serensen et al., in press). The absence of modificd sensory
spots in species of Echinoderidae and Dracoderes appears
to be consistent (e.g. Higgins & Shirayama, 1990;
Nebelsick, 1992; S@rensen, 2006) and unpublished SEM
observations on species of Centroderes and Campyloderes
(Sgrensen, pers. obs.) support that this is the case in
Centroderidae as well.

In relation to the morphological disparity of sensory
spots and their distribution among taxa A. paulae sp. nov. is
interesting, as this is the first example of a kinorhynch
specics where all three types of sensory spots co-occur.
Especially the occurrence of type 2 sensory spots is
interesting because this type until now has been reported
from homalorhagids only. Their presence in both
kinorhynch classes suggests that type 2 sensory spots were
present in the kinorhynch ground pattern. As stated above,
the presence type 3 sensory spots, or modified sensory
spots appears to be restricted to Antygomonidae,
Zelinkaderidae and Semnoderidae, which could indicate a
closer relationship between the three families.
Alternatively, type 3 sensory spots most have either
evolved independently more than ones or be considered a
plesiomorphic condition.
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Table 3. Antygomonas paulae sp. nov. Arrangement of outer introvert armature in selected kinorhynch species, compared section
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