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ABSTRACT
One new nematode species is described and two new species records are provided
from the edge (6,080 m depth) and axis (7,132 m) of Kermadec Trench, Southwest
Pacific. Leptolaimus hadalis sp. nov. is characterised by medium body 587–741 mm
long, labial region not offset from body contour, inconspicuous labial sensilla,
amphid located 12–19 mm from anterior end, female without supplements, male with
four tubular precloacal supplements (alveolar supplements absent), tubular
supplements almost straight with dentate tip, arcuate spicules and weakly
cuticularized dorsal gubernacular apophyses strongly bent distally. In a previously
published ecological survey of Kermadec Trench, L. hadalis sp. nov. was the most
abundant species in a core obtained at 8,079 m water depth and third most abundant
species in a core obtained at 7,132 m, while only one individual was found at 6,096 m
depth, and none at 9,175 m depth (Leduc & Rowden, 2018). Alaimella aff. cincta and
Desmodora aff. pilosa are recorded for the first time from the Southwest Pacific
region. Prior to the present study, Alaimella had only been recorded from coastal
locations and from the Weddell sea to a depth of 2,000 m. The record of Desmodora
aff. pilosa at 6,080 m depth is the deepest record of a Desmodora species to date,
although unidentified Desmodora specimens have been found as deep as 6,300 m in
the South Sandwich Trench. The morphology of the Kermadec Trench Alaimella aff.
cincta and Desmodora aff. pilosa specimens bear a strong resemblance to their
respective type populations from the Northern Hemisphere, but further
morphological and molecular data are required to ascertain whether they in fact
represent distinct species.

Subjects Biodiversity, Marine Biology, Taxonomy, Zoology
Keywords New Zealand, Taxonomy, Hadal, Abyssal, Nematoda, Camacolaimidae, Leptolaimidae,
Desmodoridae

INTRODUCTION
Unlike most other metazoans, nematodes communities in hadal trenches (>6,000 m
depth) are characterized by relatively high abundances and species richness despite
extreme conditions (Zeppilli et al., 2018). A study of three hadal sites in Puerto Rico Trench
(Northeast Atlantic) revealed the presence of almost 150 morphospecies (Tietjen, 1989),
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whilst 109 morphospecies were identified from four sites in Kermadec Trench in the
Southwest Pacific (Leduc & Rowden, 2018), and 36 morphospecies were identified in cores
from Tonga Trench’s deepest point (Southwest Pacific; Leduc et al., 2016).

In order to understand patterns and drivers of benthic diversity within and across
trench habitats, it is necessary to better describe the hadal nematode fauna. However, most
of these hadal species are yet to be described and named. In their review of deep-sea
nematode taxonomy, Miljutin et al. (2010) showed that only 10 named species had so far
been recorded from >6,000 m depth, compared to 210 named species from abyssal plains
(4,000–6,000 m depth). The same authors listed 46 bathyal and/or abyssal nematode
species which are found in more than one ocean, suggesting a cosmopolitan distribution.
Leduc & Rowden (2018) have shown that the adjacent Kermadec and Tonga trenches share
33 morphospecies, however no other studies have yet compared the nematode species
composition between trenches, and it is not clear whether any hadal nematode species has
a wide geographical distribution within or across ocean basins. In order to facilitate
comparison of hadal nematode fauna across trenches, detailed morphological descriptions
of one new species and two new species records are provided from the edge and axis of
Kermadec Trench.

MATERIALS & METHODS
The Kermadec Trench extends from approximately 26 to 36�S near the northeastern tip of
New Zealand, Southwest Pacific. Sediment samples were obtained from the edge of
Kermadec Trench at 6,080 m depth during RV Tangaroa cruise TAN1711 in December
2017 using a USNEL-type box corer (dimensions: 0.5 × 0.5 × 0.5 m, 0.125 m3 capacity).
Subsamples were obtained using a cut-off syringe with 29 mm internal diameter to a depth
of 10 cm, sliced into 1 cm layers and fixed in 10% buffered formalin. Additional samples
were collected from the axis of Kermadec Trench at 7,132 and 8,079 m depth during
Woods Hole Oceanographic Institute (WHOI) cruise TN309 (RV Thomas G Thompson)
in May 2014 (Leduc & Rowden, 2018). The sediment cores were obtained using the
submersible Nereus (core internal diameter = 6.35 cm). The cores were sliced into 0–1,
1–2, 2–3, 3–4, 4–5 and 5–10 cm layers and fixed in 10% buffered formalin. Samples were
rinsed on a 20 mm sieve using freshwater, nematodes extracted from the remaining
sediments by Ludox flotation, stained with Rose Bengal, and transferred to pure glycerol
(Somerfield & Warwick, 1996).

Species descriptions were made from glycerol mounts using differential interference
contrast microscopy and drawings were made with the aid of a camera lucida.
Measurements were obtained using an Olympus BX53 compound microscope with
cellSens Standard software. All measurements are in mm, and all curved structures are
measured along the arc. The terminology used for describing the arrangement of
morphological features such as setae follows Coomans (1979). Type specimens are held in
the NIWA Invertebrate Collection (Wellington). The collection of sediment samples was
conducted under Special permit 666 to NIWA granted by New Zealand’s Ministry for
Primary Industries.
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The electronic version of this article in Portable Document Format (PDF) will represent
a published work according to the International Commission on Zoological Nomenclature
(ICZN), and hence the new names contained in the electronic version are effectively
published under that Code from the electronic edition alone. This published work and the
nomenclatural acts it contains have been registered in ZooBank, the online registration
system for the ICZN. The ZooBank LSIDs (Life Science Identifiers) can be resolved and the
associated information viewed through any standard web browser by appending the LSID
to the prefix http://zoobank.org/. The LSID for this publication is: urn:lsid:zoobank.org:
pub:47EF84F2-7B80-460E-BAF0-747FA9DDD447. The online version of this work is
archived and available from the following digital repositories: PeerJ, PubMed Central and
CLOCKSS.

Systematics
Order Plectida Gadea, 1973
Family Leptolaimidae Örley, 1880
Genus Leptolaimus de Man, 1876

Generic diagnosis: (from Holovachov (2014)) Lateral alae present. First annule
anterior to cephalic setae bases and amphids, cephalic capsule absent. Cephalic sensilla
papilliform or setiform. Amphideal aperture ventrally unispiral, without central elevation.
Secretory-excretory system present; excretory canal short, excretory ampulla present.
Ovary branches reflexed antidromously. Alveolar or tubular supplements present in
females of some species, either in pharyngeal or pre-anal regions, or in both positions.
Male reproductive system diorchic. Number of supplements varies from zero to 40 for
alveolar and zero to 11 for tubular; males may have both types of supplements, one or no
supplements at all. Caudal glands and spinneret present or absent.

Type species: L. papilliger de Man, 1876

Remarks. The genus was revised by Holovachov & Boström (2013) who provided a key to
the identification of all 58 valid species based on features of both males and females. Three
species were subsequently described by Tchesunov (2015), Qiao, Jia & Huang, 2020 and
Leduc (2020).

Leptolaimus hadalis sp. nov.
Figures 1–3, Table 1
urn:lsid:zoobank.org:act:892D1646-DD68-4601-A12C-BA26A88E1B1A

Type locality: Kermadec Trench, 7,132 m water depth, sediment depth 0–2 cm,
RV Thompson voyage TN309, stations N073, 35.8396�S, 178.879�W.

Type material: Holotype male (NIWA 154899), and three paratype males and three
paratype females (NIWA 154900), collected in May 2014.

Measurements: See Table 1 for detailed measurements.
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Description:Male. Body colourless, tapering slightly towards both extremities, with tail or
posterior body region curved ventrally (maybe as a result of formalin fixation). Cuticle
annulated, annules ca. 1.2 mm apart; lateral alae present consisting of raised,

Figure 1 Leptolaimus hadalis sp. nov. (A) Anterior body region of male. (B) Male cephalic region. (C)
Female cephalic region. (D) Female posterior body region. (E) Male posterior body region. Scale bar:
A = 40 mm, B and C = 25 mm, D = 42 mm, E = 35 mm. Full-size DOI: 10.7717/peerj.12037/fig-1
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non-annulated cuticle ca. 2–3 mm wide extending from posterior to first (anterior-most)
body pore to anterior portion of tail. Four longitudinal rows of sublateral body pores,
extending from near level of nerve ring to two thirds of tail length; anterior-most pore
without seta, all other pores each with seta, 2–4 mm long; epidermal glands not observed.
Sparse subventral and subdorsal somatic setae present on tail, 2–3 mm long. Labial region
truncate to slightly rounded, not offset from body contour, lips fused. Inner and outer
labial sensilla indistinct; cephalic sensilla setiform, 0.40–0.50 cbd long. Ocelli absent.
Amphideal fovea round or slightly oval, located near middle or slighty posterior to middle
of buccal cavity. Buccal cavity uniformly tubular: cheilostom and gymnostom short,
undifferentiated; stegostom tubular, with uniformly thickened lumen. Pharynx muscular,

Figure 2 Leptolaimus hadalis sp. nov. (A) Entire male. (B) Entire female. Scale bar = 100 mm.
Full-size DOI: 10.7717/peerj.12037/fig-2
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cylindrical anteriorly, with distinct oval basal bulb, slightly cuticularized lumen from
posterior to buccal cavity to near posterior end of pharynx; valvular apparatus absent.
Pharyngeal glands and their orifices indistinct. Nerve ring surrounding pharynx slightly

Figure 3 Leptolaimus hadalis sp. nov. Light micrographs of holotype. (A–C) Anterior body region
showing cuticle ornamentation, amphid, first body pore and buccal cavity. (D) Posterior pharyngeal
region, cardia and intestine. (E) Mid-body cuticle with lateral ala. (F) Precloacal supplement. (G) Pos-
terior body region with copulatory apparatus. Scale bar: A–C = 10 mm, D–G = 14 mm.

Full-size DOI: 10.7717/peerj.12037/fig-3
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posterior to middle of pharynx length. Secretory-excretory system not observed. Cardia
cylindrical, 7–11 mm long, not embedded in intestine.

Reproductive system diorchic with opposed and outstretched testes; anterior testis
located to the right of intestine with large, almost square sperm cells, 11 × 11 mm, posterior
testis located to the right of intestine or ventrally, with small globular sperm cells, ca.
1.5 × 1.5 mm. Spicules paired, symmetrical, arcuate, 1.1–1.4 cloacal body diameter long,
cuticularised; capitulum slightly rounded, shaft and blade gradually tapering distally.
Gubernaculum with weakly cuticularized, dorsal apophysis with strongly curved distal
portion; curved portion not always discernible. Ventral precloacal seta not observed.

Table 1 Morphometrics (mm) of Leptolaimus hadalis sp. nov. and Alaimella aff. cincta from Kermadec Trench.

Leptolaimus hadalis sp. nov. Alaimella aff. cincta

Males Females Male

Holotype Paratype 1 Paratype 2 Paratype 3 Paratype 1 Paratype 2 Paratype 3

L 638 612 650 741 681 587 628 1,508

a 34 32 34 37 28 27 30 52

b 5 5 5 5 5 5 5 7

c 6 7 6 7 6 6 6 11

c′ 6.0 5.0 6.3 5.6 7.9 7.8 8.7 6.2

Head diam. at cephalic setae 5 4 5 5 5 4 4 9

Head diam. at amphids 8 8 8 9 9 8 8 13

Length of cephalic setae 2 2 2 2 2 2 2 10–12

Amphid height 6 5 5 5 4 4 4 9

Amphid width 4 5 5 5 4 3 4 9

Amphid width/cbd (%) 50 63 63 56 44 38 50 69

Amphid from anterior end 14 14 15 16 19 12 15 4

First body pore from anterior 33 34 31 38 37 30 34 –

Lateral alae from anterior 49 49 41 71 64 54 58 –

Buccal cavity length 27 20 24 26 29 23 25 –

Nerve ring from anterior end 84 79 80 86 92 74 82 109

Nerve ring cbd 18 17 17 19 19 17 18 26

Pharynx length 134 124 127 138 140 112 132 221

Pharyngeal bulb diam. 10 10 10 10 10 10 10 12

Pharynx cbd 19 18 19 20 20 19 19 27

Max. body diam. 19 19 19 20 24 22 21 29

Spicule length 24 24 24 22 – – – 39

Gubernaculum length 9 11 8 7 – – – 11

Cloacal/anal body diam. 17 18 16 20 14 13 12 22

Tail length 102 90 101 111 110 101 104 137

V – – – – 348 282 308 –

%V – – – – 51 48 49 –

Vulval body diam. – – – – 24 22 20 –
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Accessory apparatus composed of four, midventral tubular supplements ca. 19–38 mm
apart, the two anterior-most supplements slightly further apart than the other
supplements; tubular supplements 14 mm long, almost straight, slightly swollen proximally
and with dentate tips, opening into shallow, cup-shaped, cuticularized depression in
cuticle. Tail conico-cylindrical; three caudal glands and spinneret present.

Females. Similar to males, but with lower values of ‘a’, smaller amphids and longer tail.
Reproductive system with two opposed reflexed ovaries; anterior ovary to the right of
intestine and posterior ovary to the left of intestine. Spermatheca present in each genital
branch. Vulva situated near mid-body. Vagina perpendicular, short, proximal portion
encircled by single sphincter muscle and with slight cuticularisation distally. Vaginal
glands not observed. Supplements absent.

Diagnosis: Leptolaimus hadalis sp. nov. is characterised by medium body 587–741 mm
long, labial region not offset from body contour, inconspicuous labial sensilla, cephalic
setae 0.4–0.5 mm long, buccal cavity 20–29 mm long, amphid located 12–19 mm from
anterior end, female without supplements, male with four tubular precloacal supplements
(alveolar supplements absent), tubular supplements almost straight with dentate tip,
spicules arcuate, 22–24 mm or 1.1–1.4 cloacal body diameters long, and weakly
cuticularized dorsal gubernacular apophyses strongly bent distally.

Differential diagnosis: The new species is most similar to L. gerlachi Murphy, 1966,
L. praeclarus Timm, 1961, L. nonus Holovachov & Boström, 2013 and L. fluvialis Alekseev,
1981 in having relatively short (L < 1 mm) and plump bodies (a < 45), males without
alveolar supplements and with continuous row of four tubular precloacal supplements,
and females without tubular or alveolar supplements. Leptolaimus hadalis sp. nov. differs
from L. gerlachi in shorter body length (587–741 vs 760–840 mm in L. gerlachi), slightly
shorter cephalic setae (2 vs 3 mm), larger amphids (4–5 vs 3 mm wide in males), amphids
located further posteriorly (12–19 vs 11 mm from anterior body extremity), first body
pore located further posteriorly (30–38 vs 27 mm from anterior body extremity), longer
buccal cavity (20–29 vs 18 mm), slightly shorter spicules (22–24 vs 28 mm) and tubular
supplements with dentate tips (vs bifid tips). Leptolaimus hadalis sp. nov. differs from
L. praeclarus in longer body length (587–741 vs 442–518 mm in L. praeclarus), longer tail
(c′ = 5.0–8.7 vs 3.0–3.7), amphids located further posteriorly (12–19 vs 9 mm from
anterior body extremity), first body pore located further posteriorly (30–38 vs 14 mm from
anterior body extremity), shape of gubernacular apophyses (bent distally vs straight)
and tubular supplements with dentate tips (vs bifid tips). Leptolaimus hadalis sp. nov.
differs from L. nonus in having amphids located further posteriorly (12–19 vs 8–10 mm
from anterior extremity), first body pore located further posteriorly (30–38 vs 17–29 mm
from anterior body extremity), different lateral alae shape (raised cuticle vs two incisures),
and shape of gubernacular apophyses (bent distally vs straight). Leptolaimus hadalis sp.
nov. differs from L. fluvialis in having amphids located further posteriorly (12–19 vs
5–12 mm from anterior body extremity), shape of gubernacular apophyses (bent distally vs
straight or slightly bent), and in the number of precloacal supplements (four vs six
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supplements in original description). The two species also differ in their type habitat,
i.e., hadal trench vs lake sediments. The new species is also similar to L. membranatus
(Wieser, 1951) De Coninck, 1965 and L. septempapillatus Platt, 1973 in general body
dimensions. Leptolaimus hadalis sp. nov. differs from L. membranatus in having four
precloacal supplements (vs five in L. membranatus) and absence of supplements in females
(vs one posterior tubular supplement in L. membranatus), and from L. septempapillatus by
the shorter body length (587–741 vs 762–965 mm in L. septempapillatus) and the number
of precloacal supplements (4 vs 7–8 in L. septempapillatus).

Family Camacolaimidae Micoletzky, 1924
Genus Alaimella Cobb, 1920

Generic diagnosis: (from Holovachov (2014)) Annules with fine longitudinal striations.
Lateral alae absent. Somatic sensilla present. Ocelli absent. Amphideal aperture ventrally
unispiral. Buccal cavity narrow, undifferentiated; cheilostom without cuticularisations;
gymnostom undeveloped; stegostom linear, its lining continuous with that of corpus.
Pharynx gradually widening posteriorly into a glandular “cylindrus”. Female reproductive
system monodelphic-opisthodelphic. Tubular and alveolar supplements absent. Spinneret
weakly cuticularized.

Type species: A. truncata Cobb, 1920

Remarks. The genus comprises three valid species. A key to species was provided by
Tchesunov & Miljutin (2007).

Alaimella aff. cincta Cobb, 1920
Figures 4–5, Table 1

Material examined: Adult male (NIWA 154901), edge of Kermadec Trench, 6,080 m
water depth (RV Tangaroa voyage TAN1711, station 55, 32.1871�S, 176.5611�W),
collected December 2017.

Measurements: See Table 1 for detailed measurements.

Description: Male. Body slender, tapering slightly towards both extremities. Cuticle with
transverse annulations ca. 2.5 mm apart, beginning slightly anterior to amphids to near
tail tip, with fine longitudinal striations. Short, sparse lateral somatic setae present
in pharyngeal region, slightly anterior and posterior to level of nerve ring. Cephalic
region not set-off from rest of body but narrowing slightly just anterior to amphids.
Lip region poorly developed; inner and outer labial sensilla not observed. Four cephalic setae,
1.1–1.3 cbd long. Amphideal fovea relatively large, ventral unispiral (cryptocircular), with
cuticularized outline; amphideal aperture of same overall dimensions as fovea but with
circular outline. Buccal cavity narrow, undifferentiated; cheilostom without cuticularisation,
gymnostom undeveloped, stegostom linear, its lining continuous with that of corpus.
Pharynx muscular in anterior and middle portions, narrow in middle portion and widening
into an elongated, glandular posterior bulb; nucleus of dorsal pharyngeal gland visible. Nerve
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Figure 4 Alaimella aff. cincta male. (A) Anterior body region. (B) Cephalic region. (C) Posterior body
region. (D) Entire male. Scale bar: A = 40 mm, B = 12 mm, C = 28 mm, D = 125 mm.

Full-size DOI: 10.7717/peerj.12037/fig-4
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ring located mid-pharynx. Cardia well-developed, ca. 7 mm wide and 10 mm long,
surrounded by intestine. Secretory-excretory system present; ventral gland relatively large,
located well posterior to pharynx, pore not observed.

Reproductive system diorchic with both testes relatively small, directed anteriorly and
outstretched; both testes located ventrally relative to intestine. Sperm cells globular, ca.
2.5 × 2.5 mm. Spicules paired, symmetrical, slender, arcuate, 1.8 cloacal body diameters
long; capitulum rounded, shaft and blade gradually tapering distally. Gubernaculum
weakly developed, thin and plate-like. Precloacal supplements and ventral precloacal seta
not observed. Tail conical, with pair of short lateral setae near two thirds of tail length from
cloaca; three caudal glands present.

Remarks. The abyssal specimen agrees well with the original description of the species by
Cobb (1920) based on specimens from Biscayne Bay, east coast of USA, including body
length, cuticle ornamentation, size and shape of the amphids, length of cephalic setae,
structure of pharynx, structure of male copulatory apparatus and tail. The abyssal

Figure 5 Alaimella aff. cincta Light micrographs of male. (A and B) Cephalic region. (C) Cuticle of
mid-body region. (D) Tail tip. Scale bar = 10 mm. Full-size DOI: 10.7717/peerj.12037/fig-5
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specimen is also very similar to the description of L. cincta by Tchesunov &Miljutin (2007)
based on specimens from the subtidal zone of the White Sea, the only discrepancy being
the larger amphids (9 mm wide or 0.7 cbd vs 5 mm wide or 0.6 cbd in the White Sea
specimens).

Order Desmodorida De Coninck, 1965
Family Desmodoridae Filipjev, 1922
Genus Desmodora de Man, 1889

Generic diagnosis: (modified from Verschelde, Gourbault & Vincx, 1998) Cuticle
without ridges or spines. Cephalic capsule either smooth or partly to entirely ornamented
with structures resembling pores or small vacuoles, which have been shown by scanning
electron microscopy to not be visible on the cuticle surface (e.g., Fadeeva, Mordukhovich &
Zograf, 2016); cephalic setae located either in the lip region or on main part of head
capsule. Subcephalic setae sometimes present, when present few in number and mainly
located posteriorly to amphideal fovea. Amphideal fovea cryptospiral or multispiral,
seldom loop-shaped. Buccal cavity with large dorsal tooth and smaller subventral teeth.
Pharynx with oval or circular posterior bulb. Spicules short, arcuate, with capitulum and
velum. Precloacal supplements sometimes present, usually pore-like, seldom consisting of
cuticular swellings or flaps. Tail usually conical, seldom conico-cylindrical.

Type species: D. communis (Bütschli, 1874)

Remarks. Leduc & Zhao (2016) provided a list of all 35 valid species of the genus. The exact
nature of the rods or vacuole structures observed in the cephalic capsule of some species is
yet to be determined with certainty using electron microscopy; these structures may in fact
be rods in the median layer of the cuticle.

Desmodora aff. pilosa Ditlevsen, 1926
= Desmodora gorbunovi Filipjev, 1946
= Desmodora gorbunovi perforata Filipjev, 1946
Figures 6–8, Table 2

Material examined: Adult male, adult female and juvenile (NIWA 154902) from edge of
Kermadec Trench, 6,080 m water depth (RV Tangaroa voyage TAN1711, station 55,
32.1871�S, 176.5611�W), collected December 2017.

Measurements: See Table 2 for detailed measurements.

Description: Male. Long cylindrical body, widest at level of pharynx, with slight
golden-brown colouration throughout except for main portion of cephalic capsule which is
strongly stained by Rose bengal; rounded anterior end and conical tail. Cuticle 3–4 mm
thick, coarsely annulated with annulations slightly more widely spaced in pharyngeal
region (ca. 1.5 mm apart) than on rest of body (ca. 1.1 mm apart). Eight longitudinal rows of
somatic setae of variable length (4–10 mm) along entire body length. Well-developed
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Figure 6 Desmodora aff. pilosa. (A) Anterior body region of female. (B) Male cephalic region. (C)
Female cephalic region. (D and E) Juvenile cephalic region. (F) Female posterior body region. (G) male
posterior body region. Scale bar: A = 60 mm, B–E = 25 mm, F and G = 45 mm.

Full-size DOI: 10.7717/peerj.12037/fig-6
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cephalic capsule, 44 mm wide and 45 mm long, consisting of two parts separated by a
sutura: a lip portion with relatively thin cuticle and extendable anterior portion and a main
region with thickened cuticle (up to 6 mm thick) and comprising at least three quarters of
cephalic capsule. Main portion of cephalic capsule with numerous, dense pores (or
vacuoles) irregularly distributed except near base where pores are arranged in transverse
rows and sometimes merging with each other; short, 3–4 mm long, sparse subcephalic setae
present at level of amphids or slightly posterior. Six inner and six outer labial setae present
on lip region; inner labial setae 3 mm long, outer labial setae 4 mm long. Four short cephalic
setae present at level of sutura, 0.2 cbd long. Amphideal fovea and aperture large, spiral
with 1.5 turns and cuticularized outline, located on main portion of cephalic capsule;
amphideal fovea slightly wider than amphideal aperture. Buccal cavity with large
cuticularised dorsal tooth and two smaller ventrosublateral teeth; two lateral, transverse
rows of small denticles also present. Cylindrical pharynx slightly swollen anteriorly and
with oval posterior pharyngeal bulb. Secretory-excretory system not observed. Cardia
14 mm long, partially surrounded by intestine.

Figure 7 Desmodora aff. pilosa Entire male. Scale bar = 500 mm.
Full-size DOI: 10.7717/peerj.12037/fig-7
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Reproductive system monorchic with outstretched testis located to the right of intestine.
Mature sperm cells globular to oval-shaped, 16–19 × 10–11 mm. Short, arcuate spicules
with well-developed capitulum and tapering shaft and distal end; short, plate-like
gubernaculum. Precloacal supplements and seta not observed. Conical tail with subventral
and subdorsal rows of setae. Non-annulated tail tip without perforations. Caudal glands
and spinneret present.

Female. Similar to males, but with smaller amphideal fovea with 1.25 turns and longer
tail. Reproductive system didelphic, amphidelphic with reflexed ovaries both located to the

Figure 8 Desmodora aff. pilosa Light micrographs. (A–C) Juvenile cephalic region. (D) Male cephalic
region. (E and F) Female cephalic region. Scale bar = 10 mm.

Full-size DOI: 10.7717/peerj.12037/fig-8
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right of intestine. Spermatheca not observed. Vulva located slightly posterior to mid-body.
Proximal portion of vagina heavily cuticularised; proximal portion of vagina surrounded
by constrictor muscle. Vaginal glands present.

Juvenile. Similar to female, but with shorter body, smaller cephalic capsule, slightly
shorter cephalic setae and slightly longer tail. Amphideal fovea with 1.5 turns.

Remarks. The Kermadec Trench edge specimens are broadly similar to previous
descriptions of D. pilosa, although some discrepancies can be observed (Table 3).
The structure and shape of the cephalic capsule, anterior sensilla, somatic setae, and
amphideal fovea of the Kermadec Trench edge female are all similar to the original
description of the Northwest Atlantic female by Ditlevsen (1926). However the Kermadec
Trench edge female specimen is characterized by shorter body (2,776 vs 3,000 mm), higher

Table 2 Morphometrics (mm) of Desmodora aff. pilosa from the edge of Kermadec Trench.

Species Desmodora aff. pilosa

Male Female Juvenile

L 2,562 2,776 2,178

a 43 49 46

b 9 11 10

c 22 21 16

c′ 2.3 3.2 3.8

Head diam. at cephalic setae 28 32 28

Head diam. at amphids 39 42 34

Length of sub-cephalic setae 3–4 3–6 –

Length of cephalic setae 5 4 3

Amphid height 24 16 13

Amphid width 19 13 13

Amphid width/cbd (%) 49 31 38

Amphid from anterior end 7 11 10

Nerve ring from anterior end 176 136 131

Nerve ring cbd 55 58 52

Pharynx length 278 243 210

Pharyngeal bulb length 61 70 60

Pharyngeal bulb diam. 38 43 39

Pharynx cbd 54 56 53

Max. body diam. 60 57 47

Spicule length 75 – –

Gubernaculum length 30 – –

Cloacal/anal body diam. 51 41 36

Tail length 118 132 137

V – 1,505 –

%V – 54 –

Vulval body diam. – 57 –
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‘a’ ratio (49 vs 30), shorter tail (cʹ = 3.2 vs 3.5), slightly smaller amphideal fovea (0.31 vs 0.37
cbd) and cephalic capsule with numerous pores (vs no pores). Unfortunately, Ditlevsen
(1926) did not provide a description of the male, or of the buccal armature, which limits
morphological comparisons.

Desmodora gorbunovi Filipjev, 1946 and Desmodora gorbunovi perforata Filipjev, 1946
were synonymized with D. pilosa by Gerlach (1963). The former is characterized by

Table 3 Comparison of morphometric data of Desmodora pilosa Ditlevsen, 1926 from the literature.

Desmodora aff. pilosa Desmodora pilosa Desmodora pilosa Desmodora gorbunovi and
D. gorbunovi perforata***

Reference Present study Ditlevsen (1926) Jensen (1991)** Filipjev (1946)

Location SW Pacific NW Atlantic Norwegian Sea Arctic Ocean

Water depth
(m)

6,080 1,048–1,096 970–3,062 410–510

Sex Male Female Female Males Males Females

L 2,562 2,776 3,000 2,820, 3,180 2,950–3,600 3,300–3,400

a 43 49 30 30, 34 45–50 35–40

b 9 11 13 8, 10 10–11 10–13

c 22 21 18 16, 19 18–22 19–21

c′ 2.3 3.2 3.5* 2.5, 2.7* 3.0* 3.2*

Length of inner
labial setae

4 4–5 ND 6 5* ND

Length of outer
labial setae

3 3 ND 9 6* ND

Length of
cephalic setae

5 4 ND 9 5* ND

Amphid height 24 16 ND 21 17* ND

Amphid width 19 13 ND 20 17* ND

Amphid width/
cbd (%)

49 31 37* 23 37* ND

Amphid turns 1.5 1.25 1.25 1.25 1.25 1.25

Buccal cavity
armature

Dorsal + smaller ventrosublateral
teeth and two lateral transverse rows
of denticles

ND Dorsal + smaller
ventrosublateral
teeth and band
of denticles
along ventral
sector

Small dorsal tooth (ventrosublateral
teeth may be present)

Spicule length 75 – ND 85, 96 72-80 –

Gubernaculum
length

30 – ND 36, 45 40 –

%V – 54 56 ND – 62–65

Cephalic
capsule with
vacuoles?

Yes Yes No Yes Variable# Variable#

Notes:
Values and character states for males and females in bold do not overlap with the Kermadec Trench edge (SW Pacific) specimens.
ND, no data; *Estimated from figure; **Morphometric data of females not provided; ***Desmodora gorbunovi Filipjev, 1946 and D. gorbunovi perforata Filipjev, 1946
were synonymised with D. pilosa by Gerlach (1963); #Pores present in D. gorbunovi perforata but absent in D. gorbunovi.
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cephalic capsule without pores whereas the latter is characterized by numerous pores in the
cephalic capsule. Both of these are described by Filipjev (1946) as having a buccal cavity
with a small dorsal tooth (although small ventrosublateral teeth may be present based on
the drawings) without denticles. Clearly, Gerlach (1963) did not consider that the presence
or absence of pores in the cephalic capsule as sufficient to justify separating the two
populations into distinct species. In his redescription of D. pilosa based on both males and
female specimens from the Norwegian Sea, Jensen (1991) noted strong similarities between
his specimens and Desmodora gorbunovi including the cephalic capsule with numerous
pores, size and arrangement of anterior sensilla and somatic setae, structure of the
amphideal fovea, and tail shape. Jensen’s specimens, however, have a buccal cavity with a
band of numerous denticles, whereas Filipjev’s specimens do not have denticles.
The descriptions of Filipjev (1946) and Jensen (1991) also show some inconsistencies in
body dimensions and size of anterior sensilla and amphideal fovea (Table 3).

The Kermadec Trench edge specimens differ from the descriptions of Jensen (1991) and
Filipjev (1946) in buccal cavity armature, i.e., lateral transverse rows of denticles vs band
of irregularly-arranged denticles along ventral sector in Jensen’s description and no
denticles in Filipjev’s description. The Kermadec Trench edge specimens are also smaller
(body length 2,562–2,776 vs >2,800 mm) than both descriptions and differ in a number of
body dimensions and size of cephalic sensilla and amphideal fovea (Table 3).

DISCUSSION
The present study provides some of the deepest species records for the genera Leptolaimus,
Alaimella and Desmodora. Prior to this study, the deepest record of a Leptolaimus species
was from the DISCOL nodule field in the abyssal East Pacific (L. formosus Bussau, 1993
at 4,174 m; Miljutin et al., 2010), although unidentified Leptolaimus species have been
found at low densities (<1% of total nematode abundance) from as deep as 10,811 m in the
Tonga Trench (Leduc et al., 2016), 8,189 m in the Puerto Rico Trench (Tietjen, 1989)
and 6,300 m in the South Sandwich Trench (Vanhove, Vermeeren & Vanreusel, 2004).
Leptolaimus hadalis sp. nov. was among the most common species observed in a survey of
Kermadec Trench axis sites (Leduc & Rowden, 2018; referred to as “Leptolaimus D”
therein). This species was the most abundant species in a core obtained at 8,079 m water
depth (21% of total nematode abundance) and third most abundant species in a core
obtained at 7,132 m (6% of total), while only one individual was found at 6,096 m depth,
and none at 9,175 m depth (Leduc & Rowden, 2018). Leptolaimus hadalis sp. nov. was
not found in cores obtained from the edge and deep axis of Tonga Trench (6,250 and
10,811 m depths; Leduc et al., 2016).

The rare marine genus Alaimella is seldom encountered in sediment samples. Prior to
the present study, Alaimella had only been recorded from coastal locations (Cobb,
1920; Raes et al., 2007; Tchesunov & Miljutin, 2007) as well as from the Weddell sea
(Alaimella sp. at unspecified depth between 200 and 2,000 m; Vanhove, Arntz & Vincx,
1999). The record of Desmodora aff. pilosa at 6,080 m depth is the deepest record of a
Desmodora species to date. The previous deepest records were for D. nybelini Allgén, 1954
from the abyssal Atlantic at 4,590 m depth and D. striatocephala Tchesunov, 2008 from
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the Southeast Atlantic at 5,450 m depth. Unidentified Desmodora specimens have been
found as deep as 6,300 m in the South Sandwich Trench (Vanhove, Vermeeren &
Vanreusel, 2004).

It remains to be ascertained whether the Alaimella aff. cincta and Desmodora aff. pilosa
specimens from Kermadec Trench are in fact new species. Because the morphology of
Alaimella is relatively simple and given the relatively limited variation in morphological
characters among species of the genus, molecular sequence data will be required to
determine the identity of the Kermadec Trench edge population. It seems likely that the
abyssal specimen described here represents a cryptic species given the distance from the
type locality (Biscayne Bay, USA) and much greater water depth. Similarly, given the
differences observed between the present description of Desmodora aff. pilosa and those of
Ditlevsen (1926), Filipjev (1946) and Jensen (1991), it seems likely that the Kermadec
Trench edge specimens represent a different species. However, this cannot be ascertained
until further data are obtained from the type locality (upper continental slope of NW
Atlantic) to determine the structure of the buccal cavity armature, presence or absence of
pores in the cephalic capsule, and morphology of males. However, despite the uncertainty
regarding the identity of the Kermadec Trench specimens, the detailed morphological
descriptions provided here will enable comparisons to be conducted in future studies of
deep-sea nematode communities.
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ABBREVIATIONS
a body length/maximum body diameter

b body length/pharynx length

c body length/tail length

c prime; tail length/anal or cloacal body diameter

cbd corresponding body diameter

L total body length; n, number of specimens

V vulva distance from anterior end of body

%V V/total body length × 100
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Adult male (NIWA 154901)
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Adult male (NIWA 154902), adult female (NIWA 154902), juvenile (NIWA 154902)

New Species Registration
The following information was supplied regarding the registration of a newly described
species:

Publication LSID: urn:lsid:zoobank.org:pub:47EF84F2-7B80-460E-BAF0-
747FA9DDD447

Leptolaimus hadalis sp. nov. LSID: urn:lsid:zoobank.org:act:892D1646-DD68-4601-
A12C-BA26A88E1B1A

REFERENCES
Alekseev VM. 1981. Nematodes of the family Leptolaimidae (Nematoda Araeolaimida) from the

brackish water of the South Sakhalin. Svobodnozhivushchie i Fitopatogennye Nematody Fauny
Dalnego Vostoka 3–7:64–67 [in Russian].

Allgén CA. 1954. Über zwei Tiefsee-Nematoden von der schwedischen Albatroß-Expedition 1948.
Zoologischer Anzeiger 153:318–321.

Bussau C. 1993. Taxonomische und ökologische Untersuchungen an Nematoden des Peru-
Beckens. PhD dissertation, Kiel University, 625 pp.

Bütschli O. 1874. Zur Kenntniss der freilebenden Nematoden, insbesondere der des Kieler Hafens.
Abhandlungen, Herausgegeben von der Senckenbergischen Naturforschenden Gesellschaft
9:236–292.

Cobb NA. 1920. One hundred new nemas (type species of 100 new genera). Contributions to a
Science of Nematology 9:217–343.

Coomans A. 1979. Addendum I. A proposal for a more precise terminology of the body regions in
the nematode. Annales de la Societee Royale Zoologique de Belgique 108:115–117.

De Coninck LA. 1965. Systématique des Nématodes. In: Grassé PP, ed. Traité de Zoologie:
Anatomie, Systématique, Biologie. Nemathelminthes (Nematodes). Paris: Masson et Cie, 731 pp.

de Man JG. 1876. Onderzoekingen over vrij in de aarde levende Nematoden. Tijdschrift
Nederlandsche Dierkundig Vereeiging 2:78–196.

de Man JG. 1889. Espèces et genres nouveaux de Nématodes libres de la mer du Nord et de la
Manche. Mémoires de la Société Zoologique de France 2:1–10.

Ditlevsen H. 1926. The Danish ingolf expedition: free-living nematodes. Vol. IV.6. Copenhagen:
Bianco Luno.

Fadeeva N, Mordukhovich V, Zograf J. 2016. Free-living marine nematodes of Desmodorella and
Zalonema (Nematoda: Desmodoridae) with description of two new species from the deep sea of
the North Western Pacific. Zootaxa 4175:501–520.

Filipjev IN. 1922. New data on free nematodes of the Black Sea (Novye Dannye o Svobodnykh
Nematodakh Chernogo Moria). Trudy Stavropol’skogo Sel’skokhoziaistvennogo Instituta
1:13–184.

Filipjev IN. 1946. Free-living Nematodes from the Northern Arctic Ocean. Trudy, Dreifuiushchaia
ekspeditsiia Glavsevmorputi na ledokol’nom parokhode “G. Sedov” 1937–1940 3:158–184.

Gadea E. 1973. Sobre la filogenia interna de los nematodos. Publicación del Instituto de Biologiá
Aplicada 54:87–92.

Leduc (2021), PeerJ, DOI 10.7717/peerj.12037 21/23

http://dx.doi.org/10.7717/peerj.12037
https://peerj.com/


Gerlach SA. 1963. Freilebende Meeresnematoden von den Malediven II. Kieler Meeresforschung
19:67–103.

Holovachov O, Boström S. 2013. Swedish Plectida (Nematoda). Part 4. The genus Leptolaimus de
Man, 1876. Zootaxa 3739:1–99.

Holovachov O. 2014.Order Plectida Gadea, 1973. In: Schmidt-Rhaesa A, ed.Handbook of Zoology:
Nematoda. Vol. 2. Hamburg: De Gruyter, 487–535.

Jensen P. 1991. Nine new and less known nematode species from the deep-sea benthos of the
Norwegian Sea. Hydrobiologia 222:57–76.

Leduc D, Zhao ZQ. 2016. Morphological and molecular characterization of new Acanthopharynx
and Desmodora species (Nematoda: Desmodorinae) from intertidal sediments of New Zealand.
Nematology 18:905–924.

Leduc D, Rowden AA, Glud RN, Wenzhofer F, Kitazato H, Clark MR. 2016. Comparison
between infaunal communities of the deep floor and edge of the Tonga Trench: possible effects
of differences in organic matter supply. Deep-Sea Research I 116:264–275.

Leduc D, Rowden AA. 2018. Nematode communities in sediments of the Kermadec Trench,
Southwest Pacific Ocean. Deep-Sea Research I 134:23–31.

Leduc D. 2020. Two new nematode species (Plectida: Leptolaimidae, Rhadinematidae) from
Chatham Rise, New Zealand. PeerJ 8:e9923.

Micoletzky H. 1924. Letzter bericht über freilebende nematoden aus Suez. Sitzungsberichten der
Akademie der Wissenschaften in Wien, Mathem-naturw 133:137–179.

Miljutin DM, Gad G, Miljutina MM, Mokievsky VO, Fonseca-Genevois V, Esteves AM. 2010.
The state of knowledge on deep-sea nematode taxonomy: how many valid species are known
down there? Marine Biodiversity 40:143–159.

Murphy DG. 1966. An initial report on a collection of Chilean marine nematodes.Mitteilungen aus
dem Hamburgischen Zoologische Museum und Institut 63:29–50.

Örley L. 1880. Monographie der Anguilluliden. Természetrajzi Füzetek 4:1–165.

Qiao C, Jia S, Huang Y. 2020. Leptolaimus holovachovi sp. nov. (Nematoda) from Shenzhen
Mangrove Nature Reserve, Shenzhen, South China. Journal of Oceanology and Limnology
38:1907–1913.

Raes M, De Troch M, Ndaro SGM, Muthumbi A, Guilini K, Vanreusel A. 2007. The structuring
role of microhabitat type in coral degradation zones: a case study with marine nematodes from
Kenya and Zanzibar. Coral Reefs 26(1):113–126 DOI 10.1007/s00338-006-0184-8.

Somerfield PJ, Warwick RM. 1996. Meiofauna in marine pollution monitoring programmes: a
laboratory manual. Lowestoft: Ministry of Agriculture, Fisheries and Food.

Tchesunov AV, Miljutin DM. 2007. Free-living nematodes of the genus Alaimella Cobb 1920
(Nematoda: Leptolaimidae): a description of A. macramphis sp. n. from the White Sea and a
revision of the genus. Russian Journal of Marine Biology 33(2):92–97
DOI 10.1134/S1063074007020034.

Tchesunov AV. 2008. Three new species of free-living nematodes from the South-East Atlantic
abyss (DIVA I Expedition). Zootaxa 1866(1):151v174 DOI 10.11646/zootaxa.1866.1.7.

Tchesunov AV. 2015. Free-living nematode species (Nematoda) dwelling in hydrothermal sites of
the North Mid-Atlantic Ridge. Helgoland Marine Research 69(4):343–384
DOI 10.1007/s10152-015-0443-6.

Tietjen JH. 1989. Ecology of deep-sea nematodes from the Puerto Rico Trench area and Hatteras
Abyssal Plain. Deep-Sea Research 36(10):1579–1594 DOI 10.1016/0198-0149(89)90059-9.

Leduc (2021), PeerJ, DOI 10.7717/peerj.12037 22/23

http://dx.doi.org/10.1007/s00338-006-0184-8
http://dx.doi.org/10.1134/S1063074007020034
http://dx.doi.org/10.11646/zootaxa.1866.1.7
http://dx.doi.org/10.1007/s10152-015-0443-6
http://dx.doi.org/10.1016/0198-0149(89)90059-9
http://dx.doi.org/10.7717/peerj.12037
https://peerj.com/


Timm RW. 1961. The marine nematodes of the Bay of Bengal. Proceedings of the Pakistan
Academy of Sciences 1:1–88.

Vanhove S, Arntz W, Vincx M. 1999. Comparative study of the nematode communities of the
southeastern Weddell Sea shelf and slope (Antarctica). Marine Ecology Progress Series
181:237–256.

Vanhove S, Vermeeren H, Vanreusel A. 2004. Meiofauna towards the South Sandwich Trench
(750–6300 m), focus on nematodes. Deep-Sea Research II 51:1665–1687.

Verschelde D, Gourbault N, Vincx M. 1998. Revison of Desmodora with descriptions of new
desmodorids (Nematoda) from hydrothermal vents of the Pacific. Journal of the Marine
Biological Association of the United Kingdom 78:75–112.

Wieser W. 1951. Untersuchungen über die algenbewohnende Mikrofauna mariner Hartböden. I.
Zur Ökologie und Systematik der Nematodenfauna von Plymouth. Österreichische Zoologische
Zeitschrift 3:425–480.

Zeppilli D, Leduc D, Fontanier C, Fontaneto D, Fuchs S, Gooday AJ, Goineau A, Ingels J,
Ivanenko VN, Kristensen RM, Neves RC, Sanchez N, Sandulli R, Sarrazin J, Sørensen MV,
Tasiemski A, Vanreusel A, Autret M, Bourdonnay L, Claireaux M, Coquillé V, De Wever L,
Rachel D, Marchant J, Toomey L, Fernandes D. 2018. Characteristics of meiofauna in extreme
marine ecosystems: a review.Marine Biodiversity 48(1):35–71 DOI 10.1007/s12526-017-0815-z.

Leduc (2021), PeerJ, DOI 10.7717/peerj.12037 23/23

http://dx.doi.org/10.1007/s12526-017-0815-z
http://dx.doi.org/10.7717/peerj.12037
https://peerj.com/

	New free-living nematode species and records (Chromadorea: Plectida and Desmodorida) from the edge and axis of Kermadec Trench, Southwest Pacific Ocean ...
	Introduction
	Materials & methods
	Discussion
	flink4
	Abbreviations
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


