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Abstract Two new species of homalorhagid kinorhynchs
from the deep-sea Guinea Basin are described. Pycnophyes
nubilis sp. nov. is easily recognized by the presence of
paradorsal setae on segment 1; middorsal processes on seg-
ments 1–10, progressively increasing in length towards the
posterior segments; and middorsal process on segment 10
extending over the last trunk segment. Pycnophyes farinellii
sp. nov. is distinguished by middorsal elevations on segments
2–9 and laterodorsal and ventromedial setae on segments 2
and 9 only. Moreover, males of the latter species lack ventro-
medial tubes on segment 2—a very uncommon feature among
the genus. The systematic significance of this character is
discussed in detail.
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Introduction

Kinorhyncha is a phylum of marine meiobenthic invertebrates
comprising over 200 described species (Herranz et al. 2014;
Sánchez et al. 2014a, b; Sørensen 2013). Kinorhynchs may be
found at different depths, from deep to shallowwaters, or even
in intertidal sediments, but they have mostly been recorded at
relatively shallow waters (Adrianov and Malakhov 1999;

Sørensen and Pardos 2008; Neuhaus 2013), reflecting just
sampling strategies rather than true distribution. The deepest
kinorhynch ever recorded was found in the abyssal zone, at
7,800 m depth in the Atacama Trench (Danovaro et al. 2002).
However, it was not identified to even class level. The species
from the deepest locality identified to species level is
Mixtophyes abyssalis Sánchez et al. 2014, collected during
the R/V Meteor DIVA2 Cruise and recently described. It was
recorded at 5,136 to 5,174 m depth in the Guinea Basin. The
discovery also prompted the description of the new
homalorhagid genus Mixtophyes, the latest homalorhagid ge-
nus described (Sánchez et al. 2014a). The only other identified
kinorhynch from abyssal depths is Campyloderes cf.
vanhöffeni Zelinka, 1913 that was recorded at 5,055, 5,102,
and 5,118 m southeast of the Canary Islands and at 5,064 m in
the Guinea Basin (Neuhaus and Sørensen 2013)—a locality
near the study site of the present contribution.

Among the homalorhagid genera, Pycnophyes is the most
species-rich so far, with 54 described species (Neuhaus 2013;
Sánchez et al. 2013, 2014a; Sørensen 2013). Pycnophyes
species are characterized by having one tergal and three ster-
nal plates on segment 1, one tergal and two sternal plates on
segments 2–11, and one pair of lateral terminal spines on
segment 11 (Higgins 1983; Sørensen and Pardos 2008;
Zelinka 1928). Taxonomically relevant characters include
presence and position of setae, subcuticular structures, and
middorsal processes or elevations (Kristensen and Higgins
1991; Sánchez et al. 2011; Sørensen and Pardos 2008). Apart
from their internal organs, males usually differ from females
by the presence of penile spines on segment 11 and two large
ventral tubes on segment 2 (Higgins 1983; Zelinka 1928).
However, the latter character is not always present (Neuhaus
2013; Sánchez et al. 2014a). Until now, the lack of this pair of
ventral tubes has been reported in the description of five
species only (Higgins 1966, 1983; Lang 1953; Sánchez et al.
2011).
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In the present study, we describe two new species of
Pycnophyes from the Guinea Basin (Atlantic Ocean), collect-
ed at 5,136 to 5,174 m depth. This contribution increases our
extremely limited knowledge about abyssal kinorhynchs and
focuses the attention on the peculiar group of Pycnophyes
species without ventral tubes on segment 2 in males.

Materials and methods

The specimens analyzed in the present study were collected
during the R/V Meteor Diva2 M63/2 Cruise, carried out from
February to the end of March 2005. Deep-sea samples (over
5,000 m depth) were collected along the Mid- and East At-
lantic region using a multicorer. Specimens studied herein
were collected in the Guinea Basin on March 23, DIVA2
Station M63/2 98, position 00°37′12″N, 006°28′06″W, at
5,165 to 5,174 m depth, and on March 19, 2005, DIVA2
Station M63/2 79, position 00°50′00″N, 005°35′00″W, at
5,136 to 5,142 m depth (Fig. 1).

The upper 5 cm of sediment from one core in each
multicore sample was fixed in a 5 % formaldehyde solution.
Later, fixed samples were washed with freshwater in a 40-μm
sieve at the laboratory of the Senckenberg Research Institute
(Wilhelmshaven, Germany). Meiofauna was extracted using

centrifugation with the colloidal silica polymer Levasil
(Neuhaus and Blasche 2006), sorted to main groups, and then
distributed among relevant experts.

All specimens of the two new species were prepared for
light microscopy (LM), transferred from formaldehyde solu-
tion to water, and then dehydrated through a graded series of
glycerin. The specimens were kept overnight in 100 % glyc-
erin and then mounted in Fluoromount-G® on a glass slide
and sealed with Glyceel®. These specimens were examined
with an Olympus BX51 compoundmicroscope equipped with
DIC optics, photographed with Olympus DP20 and DP70
cameras, and measured with Cell^D software. Line art figures
were made with Adobe Illustrator CS4.

The general terminology for kinorhynchs follows Sørensen
and Pardos (2008). Terminology related to seta distribution for
homalorhagids follows the standardization criteria established
by Sánchez et al. (2011) and adopted by all authors (Herranz
et al. 2014; Sánchez et al. 2013, 2014a, b; Sørensen et al.
2010; Yamasaki et al. 2012), except Neuhaus (2013).

Results

Taxonomic account
Order Homalorhagida (Zelinka, 1896) Higgins, 1964
Family Pycnophyidae Zelinka, 1896
Genus Pycnophyes Zelinka, 1907

Pycnophyes nubilis sp. nov

(Figs. 2–3)

Type material Holotype, adult female, collected on March
23, 2005 in the Guinea Basin at DIVA Station M63/2 98,
position 00°37′12″N, 006°28′06″W, from mud at 5,165 to
5,174 m depth; mounted in Fluoromount-G®; and depos-
ited at the Museum für Naturkunde (Berlin, Germany)
under accession number ZMB 11521. No additional spec-
imens were available.

Diagnosis Pycnophyeswithmiddorsal processes on segments
1–10 and paradorsal intracuticular atria on segments 1–9;
middorsal processes of similar size until segment 7 and, from
this point, turning progressively longer towards the posterior
trunk segments; middorsal process on segment 10 extending
over segment 11; pairs of paradorsal setae on segment 1 only,
laterodorsal setae on segments 2–9, paralateral setae on seg-
ment 1, lateroventral setae on segments 2, 4, 6, 8, and 10 (two
pairs); ventrolateral setae on segments 1 and 5 and ventrome-
dial setae on segments 2–9; and one pair of horn-shaped
cuticular extensions on segment 11.
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Fig. 1 Map showing the sampling areas of R/V Meteor and the two
sampling localities, M63/2 79 and M63/2 98

350 N. Sánchez, F. Pardos, M.V. Sørensen



Etymology The species name, nubilis, is Latin for “marriage-
able” and refers to the female nature of the holotype and the
lack of known male specimens.

Description

All dimensions and measurements are summarized in Table 1
and distribution of sensory spots and setae in Table 2.

Introvert and mouth cone Mouth cone with nine outer oral
styles of similar size, long, thin, and flexible. The introvert has
six rings of spinoscalids plus an additional ring of
trichoscalids, with seven dorsal and seven ventral ones.
Ten primary spinoscalids composed of two units are present
in ring 01. Detailed data on the distribution of other
spinoscalids were not available.

Neck Neck with dorsal and four ventral placids, all of them
strongly sclerotized and with concave surfaces. Dorsal placids
are rectangular, of similar size, and with an apical, medial
notch (Figs. 2b and 3c). The two medial ventral placids are
wider and higher than the lateral ones (Fig. 3d).

Trunk Trunk composed of 11 segments. The first segment
consists of one tergal and three sternal plates, including two
episternal and one trapezoidal midsternal plate (Figs. 2a, b and
3a, b). The remaining segments have one tergal and two
sternal plates (Figs. 2a, b and 3a, b). The segment width is
nearly constant throughout the trunk. Maximum sternal width
is reached at segment 8, tapering slightly from this segment
towards the terminal one. Segments 1 to 10 have middorsal
processes visibly extending beyond the posterior margin of
the respective segment (Fig. 3b). These middorsal processes
are of similar size until segment 7 and turn progressively
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Fig. 2 Line art illustrations of
P. nubilis sp. nov. a Female,
ventral view. b Female, dorsal
view. Scale bar 100 μm. cr
cuticular ridge, cs cuticular scar,
ica intracuticular atria, lds
laterodorsal seta, ldss laterodorsal
sensory spot, lvs lateroventral
seta, mdp middorsal process, ms
muscular scar, pds paradorsal
seta, pdss paradorsal sensory spot,
po protonephridial opening, sdss
subdorsal sensory spot, vls
ventrolateral seta, vms
ventromedial seta, vmss
ventromedial sensory spot
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Fig. 3 Holotypic female of P. nubilis sp. nov. Differential interference
contrast photographs. a Ventral view. bDorsal view. cDorsal placids and
dorsal anterior margin of segment 1. dVentral placids and ventral anterior
margin of segment 1. eDorsal view of segments 1 and 2. fDorsal view of
segments 8 and 9. g Ventral view of segments 10 and 11. h Right sternal
plates of segments 5 and 6. iDorsal view of segment 10. Scale bar a and b

50 μm, c–i 20 μm. ce cuticular extension, horn-shaped, co cuticular
ornamentation, cr cuticular ridge, cs cuticular scar, dpl dorsal placids,
ica intracuticular atria, ldss laterodorsal sensory spot, mdp middorsal
process, nls net-like structure, sdss subdorsal sensory spot, vls ventrolat-
eral seta, vms ventromedial seta, vpl ventral placids. Dotted circles indi-
cate sensory spots. Solid circlets indicate setae
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longer posteriorly, reaching their maximum length on seg-
ments 9 and 10. Middorsal processes on segments 1–9 with
paired paradorsal intracuticular atria (Fig. 2b). Trunk surface
is perforated by numerous cuticular pores. Pairs of oval mus-
cular scars are in laterodorsal and paraventral positions on
segments 2–10 and ventromedial ones on segment 1
(Fig. 2a, b). Pairs of cuticular scars (likely outlets of gland
cells) are in subdorsal and ventromedial positions on segments
1–10 (Fig. 2a, b), oval and oblique on segment 1, and rounded

on the remaining segments. Segments 2–10 have hairy
tergosternal junctions and pairs of laterodorsal and ventrome-
dial cuticular ridges (Fig. 2a, b). Conspicuous peg and socket
joints and pachycycli, both more developed on segment 10
(Fig. 2a, b). Pectinate fringe and secondary pectinate fringes
are not visible with LM. Apodemes are not present (Fig. 3b).

Segment 1 Segment with anterolateral margins of tergal plate
projecting into horn-shaped extensions. The anterior edge of
tergal plate is strongly denticulated, followed by a narrow area
of cuticular ornamentation as a net-like structure (Fig. 3c).
Middorsal process flanked by one pair of paradorsal setae and
sensory spots, the latter being associated with intracuticular
atria (Fig. 3e). One pair of paralateral setae appears to be
present. Three additional pairs of sensory spots are present
on the tergal plate, one in subdorsal and two in laterodorsal
positions (Figs. 2b and 3e). The subdorsal pair and the most
lateral one are located in the middle region of the plate; the
other laterodorsal pair is anterior to them. The subdorsal
cuticular scars are located in the middle region of the plate
(Fig. 3e), more mesial than those of the remaining segments
and anterior to the subdorsal sensory spots. Two pairs of
elongate and oblique cuticular scars, one subdorsal and one
laterodorsal, are present (Fig. 2b). Ventral anterior margin is
ornamented, followed by a depressed area (Fig. 3d). A pair of
ventrolateral setae is present near the posterior margin of the
episternal plates. Two pairs of ventromedial sensory spots
present, one located on the anterior third and one on the
posterior third, more mesially. Pairs of ventromedial cuticular
and muscular scars present in the middle region of the plate,
between the sensory spots (Fig. 2a).

Segment 2 Tergal plate with middorsal process flanked by one
pair of paradorsal sensory spots associated with intracuticular
atria similar to those on the preceding segment. One pair of
laterodorsal and lateroventral setae present. Three additional
pairs of sensory spots present, one in subdorsal and two in
laterodorsal positions (Fig. 3e). The laterodorsal pair, located
most laterally, is aligned with the laterodorsal cuticular ridges
(Fig. 2b). Subdorsal cuticular scars located anterior and be-
tween the subdorsal and the most mesial laterodorsal sensory
spots (Fig. 3e). Sternal plates with one pair of ventromedial
setae, sensory spots, and cuticular scars. The ventromedial
setae appear more lateral than the sensory spots and are
aligned with the ventromedial cuticular ridges. The ventrome-
dial cuticular scars are located mesially to the ventromedial
sensory spots (Fig. 2a).

Segment 3 Tergal plate similar to that of segment 2, but
without lateroventral setae and with only one pair of
laterodorsal sensory spots. The subdorsal pair of sensory spots
is laterally displaced and aligned with the subdorsal cuticular
scars (Fig. 2b). Sternal plates as those on segment 2.

Table 1 Measurements
(micrometers) of female
holotype of P. nubilis sp.
nov.

lts lateral terminal spine,
mdp8-mdp10 middorsal
process lengths of seg-
ments 8–10, msw-8
maximum sternal width
of segment 8, s1–s11
segment lengths of trunk
segments 1–11, sw10
sternal width of trunk
segment 10, tl trunk
length

Character Holotype ♀

tl 897

sw10 163

msw-8 202

msw/tl 22.5 %

lts/tl 29.3 %

s1 125

s2 71

s3 84

s4 86

s5 89

s6 91

s7 95

s8 93

s9 93

s10 100

s11 34

lts 263

mdp8 16

mdp9 16

mdp10 25

Table 2 Summary of location of setae and sensory spots in P. nubilis sp.
nov. arranged by series

Segment PD SD LD PL LV VL VM

1 se,ss ss ss,ss se se ss,ss

2 ss ss ss,ss,se se ss,se

3 ss ss ss,se ss,se

4 ss ss ss,se se ss,se

5 ss ss ss,se ss ss,se

6 ss ss se se ss,se

7 ss ss ss,se ss,se

8 ss ss ss,se se ss,se

9 ss ss,ss ss,se ss,se

10 ss,ss ss se,se ss

11 ss3 lts ss3

LD laterodorsal, lts lateral terminal spines, LV lateroventral, PD
paradorsal, PL paralateral, SD subdorsal, se setae, ss sensory spots, ss3
sensory spots type 3, VL ventrolateral, VM ventromedial
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Segment 4 Tergal and sternal plates similar to those on seg-
ment 3, but with one pair of lateroventral setae (Fig. 2a).

Segment 5 Tergal and sternal plates similar to those on seg-
ment 3, but with one pair of ventrolateral setae on sternal
plates (Fig. 3h).

Segment 6 Tergal plate similar to that on segment 4, but
without laterodorsal sensory spots (Fig. 2b). Sternal plates
similar to those on segment 3 (Fig. 3h).

Segment 7 Tergal and sternal plates similar to those on seg-
ment 3.

Segment 8 Tergal plate similar to that on segment 4, but with
the middorsal process slightlymore developed than that on the
preceding segment (Fig. 3f). Sternal plates similar to those on
segment 3.

Segment 9 Tergal and sternal plates similar to those on seg-
ment 3, but with two pairs of subdorsal sensory spots (Fig. 3f).
The most mesial pair of sensory spots is aligned with the
subdorsal one of the preceding segment, while the other pair
is located more laterally (Fig. 2b). Middorsal process slightly
more developed than the one on segment 8, surpassing the
first third of the following segment (Fig. 2b). Paralateral
protonephridial openings are present, not sieve-like.

Segment 10 Middorsal process acicular, appearing much thin-
ner than those on preceding segments, but conspicuously
extending over the terminal trunk segment (Fig. 3i).
Paradorsal sensory spots and intracuticular atria absent
(Fig. 3i). Three pairs of sensory spots located near the poste-
rior margin of the segment, two in subdorsal and one in
laterodorsal positions (Fig. 3i). The subdorsal pairs are aligned
with the subdorsal ones of the preceding segment. Two pairs
of lateroventral setae present. Sternal plates have one pair of
ventromedial sensory spots and cuticular scars (Fig. 3g). The
posterior ventral margin of the segment straight (Fig. 3g).

Segment 11 Middorsal process absent. One pair of long lateral
terminal spines present. Tergal plate with one pair of subdorsal
type 3 sensory spots and one pair of conspicuous horn-shaped
lateral cuticular extensions (Fig. 3g).

Associated kinorhynch fauna

Besides the two new species of Pycnophyes described herein,
the holotype of M. abyssalis and about ten specimens of
Echinoderes were recorded from the same station. The
Echinoderes specimens have not yet been described or exam-
ined any further.

Remarks

P. nubilis sp. nov. can be distinguished from most species of
the genus by its well-developed middorsal processes. These
keel-shaped projections clearly surpass the posterior margins
of their segments and increase in length towards the posterior
segments. The longest ones are those of segments 9 and 10,
exceeding the first third of segment 10 and extending over the
terminal trunk segment, respectively. Seven other species in
the genus have similar middorsal processes progressively
increasing in lengths towards the posterior segments:
Pycnophyes arctous Adrianov, 1999; Pycnophyes carinatus
Zelinka, 1928; Pycnophyes chilensis Lang, 1953; Pycnophyes
chukchiensis Higgins, 1991; Pycnophyes cristatus Sánchez
et al., 2013; Pycnophyes furugelmi Adrianov, 1999; and
Pycnophyes odhneri Lang, 1949 (see Adrianov andMalakhov
1999; Higgins 1991; Lang 1949, 1953; Sánchez et al. 2013;
Zelinka 1928). However, only four of these species possess a
middorsal process on segment 10 conspicuously extending
over the last trunk segment: P. arctous, P. chukchiensis,
P. cristatus, and P. furugelmi (see Adrianov and Malakhov
1999; Higgins 1991; Sánchez et al. 2013).

P. arctous is easily distinguished from P. nubilis sp. nov. by
the appearance of its obtuse and blunt middorsal processes on
segments 1–7 that differ from the much more conspicuously
pointed ones in P. nubilis sp. nov. Moreover, P. arctous,
according to the literature, lacks laterodorsal and ventromedial
setae, cuticular ornamentation in the anteriormost tergal re-
gion of segment 1, and notches on its placids (Adrianov and
Malakhov 1999) (ventrolateral setae on segment 5 and
paraventral setae on segments 3 and 7–9 seem to be present,
Sánchez, personal observation); all characters are present in
P. nubilis sp. nov.

P. furugelmi has a large middorsal process on segment 10,
cuticular ornamentation in the anteriormost region of the first
segment, placids with notches in the middle region, and one
pair of horn-shaped cuticular extensions on segment 11. How-
ever, its middorsal processes are not as well-developed as
those of P. nubilis sp. nov., especially not on segment 9.
Moreover, P. furugelmi has ventromedial sensory spots only
(males on segments 3–8 and females on 3–6 and 9), whereas
the new species has also sensory spots throughout the whole
dorsal side (for a detailed distribution see Table 2). In addition,
P. furugelmi has a different ventromedial and laterodorsal seta
distribution (males on segments 2–8 and on 4–8; females on
segments 2–6 and on 2, 3, 4, 6, and 8) (Adrianov and
Malakhov 1999) than that of the new species (both sexes with
ventromedial and laterodorsal setae on segments 2–9).

P. cristatus resembles the new species in several ways, such
as its middorsal processes, cuticular ornamentation in the
anteriormost region of the first segment, placids with notches
in the middle region, horn-shaped cuticular extensions on
segment 11, lateroventral seta distribution, as well as a similar
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sensory spot distribution. However, P. cristatus differs from
the new species by the absence of laterodorsal and ventrome-
dial setae on segments 2–6 as well as paradorsal setae on
segment 1 (Sánchez et al. 2013). Additional features to dis-
criminate between both species are as follows: lateral terminal
spines/trunk length (lts/tl) proportion is higher in P. nubilis sp.
nov. than in P. cristatus (29 and 24 %, respectively) and
middorsal processes on segments 9 and 10 are longer in
P. cristatus than in P. nubilis sp. nov. (32 and 50 μm vs. 16
and 25μm, respectively); maximum trunk width is reached on
segment 6 for P. cristatus and on segment 8 for P. nubilis sp.
nov.

P. chukchiensis and P. nubilis sp. nov. have the same
distribution of laterodorsal and ventromedial setae, and both
show ventrolateral setae on segment 5 and horn-shaped cutic-
ular extensions on segment 11. However, P. chukchiensis has
ventrolateral setae on segment 10 and lateroventral setae on
segments 2–10, whereas P. nubilis sp. nov. lacks both ventro-
lateral setae on segment 10 and lateroventral setae on seg-
ments 3, 5, 7, and 9. Moreover, both species differ by their
distribution of sensory spots, since P. chukchiensis has ven-
tromedial sensory spots only, whereas P. nubilis sp. nov. also
has laterodorsal ones. Finally, the new species has paradorsal
setae on segment 1, which are absent in P. chukchiensis (see
Higgins 1991).

Pycnophyes farinellii sp. nov

(Figs. 4 and 5)

Type material Holotype, adult female, collected onMarch 23,
2005 in the Guinea Basin at DIVA Station M63/2 98, position
00°37′12″N, 006°28′06″W, from mud at 5,165 to 5,174 m
depth; mounted in Fluoromount-G®; and deposited at the
Museum für Naturkunde (Berlin, Germany) under accession
number ZMB 11522. Paratype, adult male were collected on
March 19, 2005 in the Guinea Basin at DIVA Station M63/2
79 (Fig. 1), position 00°50′00″N, 005°35′00″W, from mud at
5,136 to 5,142 m depth; mounted in Fluoromount-G®; and
deposited at the Museum für Naturkunde under accession
number ZMB 11523.

Diagnosis Pycnophyes with middorsal elevations on seg-
ments 2–9; anterior margin of tergal and sternal plates of
segment 1 ornamented; and pairs of laterodorsal setae on
segments 2 and 9, paralateral setae on segment 1, lateroventral
setae on segments 2, 4, 6, and 8, ventrolateral setae on seg-
ments 5 and 10, and ventromedial setae on segments 2 and 9.
Males do not have ventromedial tubes on segment 2.

Etymology The species name refers to Farinelli, a celebrated
Italian castrato singer of the eighteenth century, with reference
to the species’ lack of conspicuous ventral tubes normally

present on segment 2 of male Pycnophyes—a typical sexual
character of the genus.

Description

All dimensions and measurements are summarized in Table 3
and distribution of sensory spots and setae in Table 4.

Introvert and mouth cone Mouth cone with nine outer oral
styles of similar size, long, thin, and flexible. Introvert with six
rings of spinoscalids plus and additional ring of trichoscalids.
Spinoscalid number and arrangement are apparently identical
to the pattern described for P. nubilis sp. nov.

Neck Four dorsal and two ventral placids present (Fig. 5d), all
of them are strongly sclerotized, of similar size, and rectangu-
lar in shape.

Trunk Trunk with 11 segments. The first one consists of one
tergal and three sternal plates, two episternal and one trape-
zoidal midsternal plate with an Erlenmeyer flask profile
(Figs. 4a, b and 5a, b). Segments 2–11 have one tergal and
two ventral sternal plates (Figs. 4a, b and 5a, b). The segment
width is nearly constant throughout the trunk. Maximum
sternal width is reached at segment 6, tapering slightly from
this point and towards the posterior end. Segments 2–9 have
middorsal elevations, never extending beyond the posterior
margin of the segment (Fig. 4b). Paradorsal intracuticular atria
is flanking the middorsal elevations on segments 2–8
(Fig. 4b). Segments 2–9 have oval muscular scars in
laterodorsal and paraventral positions (Fig. 4a, b) (muscular
scars not visible on segment 10). Similar muscular scars
present on segment 1, but in laterodorsal and ventromedial
positions. Segments 1–10 have two pairs of small cuticular
scars, one in subdorsal (horizontal and elongate, Fig. 4b) and
one in ventromedial (rounded, Fig. 4a) positions, likely outlets
of gland cells. Hairy tergosternal junctions present on seg-
ments 2–10. Segments 2–10 with pairs of laterodorsal, ven-
trolateral, and ventromedial cuticular ridges (Fig. 4a, b).
Pachycycli and peg and socket joints are well-developed and
of similar size from segment 2 to segment 10. Conspicuous
thickenings of the pachycycli present on segment 10 (Fig. 5a),
between the cuticular ridges. Pectinate fringe and secondary
pectinate fringes are not visible with LM. Apodemes are not
present (Fig. 5a).

Segment 1 Segment with anterolateral margins of tergal plate
projecting into horn-shaped extensions. Anterior edge of ter-
gal plate weakly denticulated, followed by a narrow reticulat-
ed area (Fig. 5c). Longitudinal cuticular thickenings present in
laterodorsal position (Fig. 5c). Setae present in paralateral
positions. Three pairs of sensory spots present, two in
subdorsal and one in laterodorsal positions (Fig. 4b). The
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ventral anterior margin has a depressed area on both episternal
and midsternal plates (Fig. 5d). Pairs of sensory spots are
present in ventrolateral and ventromedial positions. The ven-
trolateral sensory spots are located on the posterior third of the
segment and the ventromedial one on the anterior third
(Fig. 4a).

Segment 2 Middorsal elevation present, flanked by a pair of
paradorsal sensory spots associated with intracuticular atria
(Fig. 4b). Single middorsal intracuticular structure located
anterior to the middorsal elevation. Pairs of laterodorsal and
lateroventral setae present. The laterodorsal pair appears lo-
cated slightly more mesially than the laterodorsal pair of
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Fig. 4 Line art illustrations ofP. farinellii sp. nov. a Female, ventral view.
b Female, dorsal view. c Male, segments 10 and 11, ventral view. Scale
bar 100 μm. cr cuticular ridge, cs cuticular scar, ica intracuticular atria,
lds laterodorsal seta, ldss laterodorsal sensory spot, lvs lateroventral seta,

mdemiddorsal elevation,msmuscular scar, pdss paradorsal sensory spot,
pls paralateral seta, po protonephridial opening, sdss subdorsal sensory
spot, vls ventrolateral seta, vlss ventrolateral sensory spot, vms ventrome-
dial seta, vmss ventromedial sensory spot
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Fig. 5 P. farinellii sp. nov. Differential interference contrast photographs.
a–c and g Holotypic female. d–f and h Paratypic male. a Ventral view. b
Dorsal view. c Dorsal view of anterior margin of segment 1. d Ventral
view of segment 1. e Right sternal plates of segment 2. f Ventral view of
segment 5. g Right sternal plates of segments 8 and 9. h Ventral view of

segments 10 and 11. Scale bar a and b 50 μm; c–h 20 μm. co cuticular
ornamentation, cr cuticular ridge, cs cuticular scar, nls net-like structure,
ps penile spine, vls ventrolateral seta, vms ventromedial seta, vpl ventral
placids. Dotted circles indicate sensory spots. Solid circlets indicate setae
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cuticular ridges (Fig. 4b). Two additional pairs of sensory
spots, one in subdorsal and one in laterodorsal positions,
present (Fig. 4b). Sternal plates with pairs of ventromedial
sensory spots and cuticular scars. The ventromedial pair of
sensory spots is located more mesially than the cuticular scars
(Fig. 4a). Both sexes with a pair of ventromedial setae, located
in a more mesial position in respect to the sensory spots
(Fig. 5e). Males without ventromedial tubes (Fig. 5e).

Segment 3 Middorsal elevation present, flanked by a pair of
paradorsal sensory spots associated with intracuticular atria. Sin-
gle middorsal intracuticular structure located anterior to the mid-
dorsal elevation. Additional sensory spots present in subdorsal
positions only, aligned with the subdorsal ones of the preceding
segment (Fig. 4b). Setae are not present. Sternal plates similar to
those of segment 2, but without ventromedial setae (Fig. 4a).

Segment 4 Tergal and sternal plates similar to those on seg-
ment 3, but with one pair of lateroventral setae.

Segment 5 Tergal and sternal plates similar to those on seg-
ment 3, but with one pair of ventrolateral setae (Fig. 5f).

Segment 6 Segment similar to segment 4.

Segment 7 Tergal and sternal plates similar to those on seg-
ment 3.

Segment 8 Segment similar to segment 4 (Fig. 5g).

Segment 9 Tergal plate similar to that on segment 2, but
without paradorsal sensory spots and with the laterodorsal
setae and sensory spots laterally displaced (Fig. 4b).
Paralateral protonephridial openings are present, not sieve-
like. Sternal plates similar to those on segment 2 (Fig. 5g).

Segment 10 Middorsal process and associated structures ab-
sent. Two pairs of sensory spots located near the posterior
margin of the segment, one in subdorsal and one in
laterodorsal positions. Sternal plates with one pair of ventro-
lateral setae. Pairs of ventromedial sensory spots and cuticular
scars present (Fig. 5h), both aligned with the ventromedial
sensory spots of the preceding segment. The posterior ventral
margin of the segment is pointed (Fig. 5h).

Table 3 Measurements (micrometers) of female holotype and male
paratype of P. farinellii sp. nov.

Character Holotype Paratype
♀ ♂

tl 792 805

sw10 135 140

msw-6 158 158

msw/tl 19.6 % 20.1 %

lts/tl 41.3 % 50 %

s1 108 96

s2 75 70

s3 77 85

s4 77 80

s5 85 81

s6 85 86

s7 84 90

s8 84 92

s9 82 88

s10 109 111

s11 38 31

lts 327 401

lts lateral terminal spine, msw-6 maximum sternal width of segment 6,
s1–s11 segment lengths of trunk segments 1–11, sw10 sternal width of
trunk segment 10, tl trunk length

Table 4 Summary of location of setae and sensory spots in P. farinellii
sp. nov. arranged by series. LD laterodorsal, lts lateral terminal spines, LV
lateroventral, m male condition of sexually dimorphic character, PD

paradorsal, PL paralateral, ps penile spines, SD subdorsal, se setae, ss
sensory spots, ss3 sensory spots type 3, VL ventrolateral, VM
ventromedial

Segment PD SD LD PL LV VL VM

1 ss,ss ss se ss ss

2 ss ss ss,se se ss,se

3 ss ss ss

4 ss ss se ss

5 ss ss se ss

6 ss ss se ss

7 ss ss ss

8 ss ss se ss

9 ss ss,se ss,se

10 ss ss se ss

11 ss3 ps,ps (m) lts

358 N. Sánchez, F. Pardos, M.V. Sørensen



Segment 11 Segment with one pair of long lateral terminal
spines. Tergal plate with one pair of subdorsal type 3 sensory
spots. Ventral segment margin hairy. Males with two pairs of
penile spines (Fig. 5h).

Associated kinorhynch fauna

At its type locality, the new species co-occurs with P. nubilis
sp. nov., M. abyssalis, and some unidentified species of
Echinoderes. On the paratype locality, Station M63/2 79,
additional kinorhynchs includedM. abyssalis, a single species
of Echinoderes, and specimens of a cyclorhagid genus resem-
bling Antygomonas or Sphenoderes.

Remarks

P. farinellii sp. nov. can be easily discriminated from most
other species of the genus by its scarcity of setae. The few
setae (excluding the lateroventral ones) are distributed as
follows: paralaterally on segment 1, laterodorsally and
ventromedially on segments 2 and 9, and ventrolaterally on
segments 5 and 10. Many species of Pycnophyes share the
absence of middorsal, paradorsal, and subdorsal setae on all
trunk segments withP. farinellii sp. nov., but only five of them
also show a scarcity of setae in laterodorsal positions and
throughout the whole ventral side. These include Pycnophyes
argentinensis Martorelli and Higgins, 2004; P. arctous;
P. chilensis; P. cristatus; and Pycnophyes smaug Sánchez
et al., 2013 (see Adrianov and Malakhov 1999; Lang 1953;
Martorelli and Higgins 2004; Sánchez et al. 2013, personal
observation; Zelinka 1928).

However, P. arctous, P. chilensis, and P. cristatus have
conspicuous middorsal processes on most trunk segments.
These structures are robust, keel-shaped, and clearly extend-
ing beyond the posterior margin of the segment (Lang 1953;
Adrianov and Malakhov 1999; Sánchez et al. 2013).
P. farinellii sp. nov. does not present similar processes, but
has middorsal elevations along the trunk.

P. argentinensis has ventral setae on segments 2 and 9, as
P. farinellii sp. nov., but both species present a different dorsal
seta distribution. P. argentinensis has lateroventral setae on
segments 2, 4, and 6 and laterodorsal setae, at least, on seg-
ments 3 and 4 (Martorelli andHiggins 2004; Sánchez, personal
observation). The new species has lateroventral setae on seg-
ment 8 also and laterodorsal setae on segments 2 and 9 only.

P. smaug resembles the new species in many ways, such as
presence of middorsal elevations on segments 2–9;
laterodorsal setae on segments 2 and 9 only; lateroventral
setae on segments 2, 4, 6, and 8; ventrolateral setae on seg-
ment 5; and ventromedial setae on segment 9 (Sánchez et al.
2013). However, P. smaug has a middorsal elevation on
segment 1 and lateroventral setae on segment 10. Both char-
acters are absent in P. farinellii sp. nov.

The absence of conspicuous ventral tubes on segment 2 in
males is a noteworthy character condition, since these tubes
are a common male character in most species of
Pycnophyidae, i.e. all Kinorhynchus and most species of
Pycnophyes (Kristensen and Higgins 1991; Neuhaus 2013;
Sørensen and Pardos 2008). The absence of these tubes has
been reported only from seven other Pycnophyes species out
of 56 species described so far (comprising the two new species
reported in the present study): P. chilensis; Pycnophyes
dolichurus Sánchez et al., 2011; Pycnophyes ecphantor
Higgins, 1983; Pycnophyes egyptensis Higgins, 1966;
Pycnophyes longicornis Higgins, 1983; Pycnophyes rugosus
Zelinka, 1928 (Sánchez, personal observation; original de-
scription does not give any data about ventral tubes in males);
and Pycnophyes cf. ponticus (Reinhard 1881) (see Lang 1953;
Higgins 1966, 1983; Sánchez et al. 2011, 2012). Regarding
the latter taxon—which corresponds to Pycnophyes sp3 in
Sánchez et al. 2012—Reinhard 1885 describes the presence
of ventral tubes in males of this species but actually they are
absent in all males, 23 specimens, collected from the Gulf of
Naples and Spain (Sánchez, personal observation) (Zelinka
collected P. ponticus in the Gulf of Naples and our observa-
tions mostly agree with his description; for detailed informa-
tion about the confusion on this species, see Higgins 1983;
Neuhaus 2013).

The presence of male-specific tubes on segment 2 in spe-
cies of both Kinorhynchus and Pycnophyes, and their lack in
other species of Homalorhagida as well as in all Cyclorhagida,
suggests that the character is autapomorphic for
Pycnophyidae. Starting from this consideration, two different
hypotheses could be made: (1) The tubes were lost
convergently in P. farinellii sp. nov. and in the other seven
species. (2) The loss happened at a single occasion, hence
supporting a close relationship between the eight species.
Another possibility would be that the absence of tubes in
males is just maintained in these eight species as
plesiomorphic homalorhagid trait. However, in this case,
Pycnophyes would become paraphyletic. Further phylogenet-
ic analyses based on a more extensive Pycnophyidae taxa
sampling would test the hypothesis of a closer relationship
between the eight species lacking ventral tubes on segment 2.

In addition, two conspicuous and rather uncommon fea-
tures frequently occur in this special group of Pycnophyes
species without ventral tubes: the presence of ventral setae on
segment 2 in males and relatively long lateral terminal spines
in both sexes, measured as lts/tl proportion. Most males of this
group of species have ventral setae on segment 2—an uncom-
mon character among the males of Pycnophyes (its presence is
common in females though).P. rugosus is the single species in
this group without these ventral setae in males, whereas no
data are available to confirm its presence in males ofP. chilensis
(see Lang 1953; Higgins 1966, 1983; Sánchez et al. 2011,
personal observation). As for the lateral terminal spines, having
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in mind that the average ratio of lts/tl lengths among all species
of Pycnophyes is 23 % (see Adrianov and Malakhov 1999;
Martorelli and Higgins 2004; Sánchez et al. 2011, 2013, 2014b;
Yamasaki et al. 2012; Herranz et al. 2014), values equal
to or higher than 30 % may be considered as relatively
long lateral terminal spines. Out of 56 species of Pycnophyes,
eight species have this high lts/tl proportion in both sexes. Of
these, seven belong to the above-mentioned group lacking
ventral tubes in males, while only one species has these tubes,
namely Pycnophyes newguiniensis Adrianov, 1999
(P. robustus Zelinka, 1928 is not included into this latter group
since its lts/tl mean values are below 30 %; Sánchez, personal
observation). However, P. newguiniensis has conspicuously
robust lateral terminal spines, being wide along their whole
lengths (see Adrianov and Malakhov 1999), whereas in the
other seven species, the lateral terminal spines are consider-
ably thinner. The single species with low lts/tl proportions that
also lack ventral tubes in males is P. egyptensis (see Higgins
1966; Adrianov and Malakhov 1999; Sánchez, personal
observation).

Below is a dichotomous short key to facilitate easier iden-
tification of species belonging to the group of Pycnophyes
without ventral tubes on segment 2 in males.

1. Pairs of twin paraventral setae present on segments
3–7

P. dolichurus

Pairs of twin paraventral setae absent 2

2. Middorsal processes on segments 1–9 P. chilensis

Middorsal processes absent or, if present, not on all
segments 1–9

3

3. Ventromedial setae present on segments 4–9 4

Ventromedial setae absent on some segments from
segments 4–9

6

4. All ventromedial setae from segment 4 to segment 9
aligned

P. ecphantor

Some ventromedial setae from segment 4 to segment
9 displaced, not aligned with the remaining
ventromedial setae

5

5. Ventral setae absent on segment 1, all ventromedial
setae on segments 3–8 aligned, ventromedial setae
of segment 9 mesially displaced

P. egyptensis

Ventral setae present on segment 1, all ventromedial
setae on segments 3–9 aligned, except for the setae
of segment 8, laterally displaced

P. longicornis

6. Ventral setae absent on segment 1, ventral side with
scarcity of setae, ventromedial setae present on
segments 2 and 9 only, ventrolateral setae present
on segments 5 and 10 only

P. farinellii sp.
nov.

Ventrolateral setae present on segment 1, ventral side
with ventromedial or ventrolateral setae on
segments 2–10

7

7. Ventrolateral setae present on segment 7,
ventromedial on segment 8, peg and socket joints
not highly developed, with a normal size

P. ponticus

Ventrolateral setae present on segments 7 and 8,
ventromedial setae absent on segment 8,
conspicuous peg and socket joints on segments
2–5, highly developed

P. rugosus

Conclusions

The description of two new species of Pycnophyes from the
deep sea increases our general knowledge about
homalorhagids and especially our extremely limited informa-
tion about deep-sea kinorhynchs. Together with the recently
described speciesM. abyssalis, these two new species, as well
as the reported but yet undescribed associated kinorhynch
fauna, show that the deep sea holds an interesting kinorhynch
diversity that is still about to be revealed.

The study also points out an interesting and potentially
monophyletic group of Pycnophyes species with males lack-
ing ventral tubes on segment 2, and suggests that future
phylogenetic analyses should also target this character and
focus on this hypothesis.
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