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Abstract

This study presents an inventory of free-living marine nematodes from the deep waters of the southeastern part of the Levan-
tine Basin. The meiofauna of this area, particularly the free-living marine nematodes, have been poorly investigated; hence, the
present study has regional zoo-geographic importance. To fill this knowledge gap, nematodes were collected from the upper 0-3
cm sediment horizon from a transect located perpendicular to the Israel coast off Tel Aviv, with depths ranging between 76 and
1400 m. Our sampling yielded a diverse assemblage of nematodes representing 65 species belonging to 54 genera and 22 families.
About 38% of the species have been previously reported in the Mediterranean; the remaining 62% are reported for the first time.
A taxonomic checklist provides information on the worldwide distribution of the encountered species. This checklist provides a

baseline for understanding the nematode community in this region and serves as a valuable resource for future studies.

Keywords: Free-living marine nematodes; South-east Mediterranean; meiofauna; Levantine Basin; Isracli Mediterranean

waters.

Introduction

Free-living marine nematodes are the most abundant
and diverse metazoans found in marine sediments. Their
distribution spans from the high-water mark to the deep-
est oceanic trenches, asserting their dominance in both
density and diversity within marine sediment ecosystems
(Lambshead, 2004). Hodda’s recent taxonomic review
(2022) suggested that the phylum Nematoda consists of 3
classes, 8 subclasses, 12 superorders, 32 orders, 53 sub-
orders, 101 superfamilies, 276 families, 511 subfamilies,
3,030 genera and 28,537 species. Hodda (2022) also re-
viewed a variety of estimates of the total existing number
of nematode species, and the obtained range was between
half a million and 10 million species. Although larger in-
dividuals exist, the free-living marine nematodes are gen-
erally considered to belong to the meiofaunal size group.
There is no universally accepted size range for meiofau-
na, and according to Giere (2009), the accepted range is
between an upper limit of 500-1000 um and a lower limit
of 44-63 pm.
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The Mediterranean is a semi-enclosed water body
characterized by constant temperatures at depths below
300-500 m. In the Eastern Mediterranean, the temper-
ature ranges from 13.6°C to 13.8°C. Salinity levels are
very high, ranging from 38.7 to 38.8%o, and the oxygen
concentration just above the seafloor in the studied area
is >175 uM (Kress et al., 2014), indicating a well-oxy-
genated near-bottom water layer. In addition, the region
is characterized as one of the most oligotrophic areas in
the world (Berman-Frank & Rahav, 2012; Moore et al.,
2013; Siokou-Frangou et al., 2010).

There are several faunistic species-level nematode
checklists from the Mediterranean, mainly from relative-
ly shallow waters (Schuurmans-Stekhoven, 1950; Wies-
er, 1956; Semprucci et al., 2008; Semprucci, 2013 and
Jouili et al., 2018, and see also the literature in Table 2).
The majority of them concern coastal European ecosys-
tems. Thus our understanding of the eastern, non-Europe-
an Mediterranean ecosystems is rather poor (Semprucci
& Balsamo, 2012). Regarding the eastern Mediterranean,
while several studies of free-living marine nematodes do
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exist (e.g. see reviews of Lampadariou & Sevastou, 2022;
Sevastou & Lampadariou, 2021 and references therein),
nematodes have been identified either to genus or, at best,
to putative species (i.e. sp.1, sp.2 etc.) in most of them. To
the best of our knowledge, nematodes from the deep Le-
vantine Basin have never been identified to species level.

In the present study, nematodes from the Israeli part
of the eastern Mediterranean were studied with the aim
of providing a list of the nematode species across a deep-
sea transect of the coast of Tel Aviv. A species checklist,
together with some additional information on the distri-
bution of the encountered species in other parts of the
world, is provided. Such information will expand our
knowledge of the biodiversity of nematodes in the Med-
iterranean and can be used as baseline information in fu-
ture monitoring surveys.

Materials and Methods
Survey area

The heterogeneous Israeli continental slope compris-
es a prominently steep northern section incised by several
canyons, a comparatively gentler seabed in its southern
region, and two gravitational slumps known as Dor and
Palmahim (Fig. 1). The relatively flatter bathyal basin
extends westward to Crete, and the studied area in the
Israeli waters is its shallow east part, with depths rang-
ing between 1000 and 2000 m (Kanari et al., 2020, and
references therein). The specimens under scrutiny in this
study were sampled from the southern part of the Israeli

Mediterranean coast along a transect perpendicular to the
Tel Aviv shoreline, encompassing a depth range of 76-
1400 m (Fig. 1 and Table 1).

Sediment grain size declines gradually from 7 to 5 um
along the 100 to 1900 m depth gradient (Lubinevsky et
al., 2017).

Sampling and sorting

Meiofauna samples were acquired by sub-sampling
from 0.25 m? box corer (BX-650, Ocean instruments, San
Diego, CA) samples, employing a Plexiglas tube with an
inner diameter of 9.4 cm. The upper 0-3 cm sediment layer
was taken from each Plexiglas tube and preserved onboard
in 99% ethanol while applying mild mixing to facilitate the
ethanol penetration. The sampling cruise took place during
the autumn of 2018 aboard the R/V “Bat Galim”, operated
by the Israel Oceanographic and Limnological Research
(IOLR). Meiofaunal nematode specimens were separated
from the ethanol-preserved sediments according to Harbu-
zov et al. (2022) following Heip et al. (1985) and Dano-
varo (2010), which included two major stages: sieving and
density gradient centrifugation. This method revealed a
specimen size range of 20-500 pm.

The selection procedure involved randomly choosing
~10 nematode individuals from each sample, combining
the liquid containing the entire pool of sampled organisms,
and then extracting the specimens using a pipette, ensuring
a balanced representation across different stations. No per-
manent slides were prepared, and identification was con-
ducted from individuals immediately placed in glycerol.
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Fig. 1: Sampling sites map. TA — Tel Aviv transect; the studied sites are labeled by black dots. The numbers to the right of the
station designations depict depth in meters. Palmahim and Dor are two gravitational sediment slumps.
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Table 1. Geographical coordinates and depths of six sites sampled along the coast of Israel for studying marine nematodes

No. Site name Depth [m] Longitude Latitude
1 TA1400 1400 33.891 32.501
2 TA1173 1173 34310 32.322
3 TA941 941 34.415 32.277
4 TA401 401 34.534 32.226
5 TA155 155 34.607 32.194
6 TA76 76 34.657 32.174

Morphological identification

The identification process involved utilizing the picto-
rial keys of Platt and Warwick (1983, 1988) and Warwick
et al. (1998), as well as the work of Schuurmans-Stek-
hoven (1950) from the Mediterranean and the NeMys da-
tabase accessible at Nemys eds. (2023), which contains
the up-to-date taxonomic literature on free-living marine
nematodes. All observations were conducted under a
Nomarski interference contrast microscope employing a
%100 magnification.

Results

In total, 182 specimens belonging to 22 families, 54
genera and 65 species were identified. In some cases (25
out of 65), species identification was not possible, and spe-
cies were ascribed as putative species or morphospecies
(i.e. sp.1, sp.2 etc.). Of the 40 named species, 15 (38%)
have been previously reported from the Mediterranean.
Table 2 displays a detailed list of all species together with
additional information on their distribution, synonyms,
original description and other sources of references from
the Mediterranean (e.g. Schuurmans-Stekhoven, 1950;
Wieser, 1956; Semprucci et al., 2008; Semprucci, 2013;
Jouili et al., 2018).

As depicted in Table 2, the various famlies elucidat-
ed specific depth distributions. Two families, Aegialo-
alaimidae and Rhabdolaimidae, were completely absent
from the shallow 76-401 m depth range. Chromadoridae,
Comesomatidae, and Xyalidae were encountered, with
some exceptions, across the entire transect, indicating a
wide depth distribution ranging from the shelf down to
the bathyal basin. Selachinematidae, Phanodermatidae,
Desmodoridae, Desmoscolecidae, Diplopeltidae, Cera-
monematidae, Microlaimidae and Tarvaiidae were absent
between the 941 and 1400 m depth range. Diplopeltidae,
Phanodermatidae and Selachinematidae were found only
at the shallowest 76 m station. Finally, species from the
Rhabdolaimidae were found only at the deepest 1440 m
station.
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Discussion

Twenty-five species out of the 65 identified ones
could not be conclusively attributed to known species.
This limitation predominantly arose from the absence
of adult males, which play a pivotal role in precise tax-
onomic identification. Juveniles and females often lack
the requisite diagnostic features for accurate classifica-
tion. Furthermore, suboptimal preservation conditions
contributed to the challenge by compromising the visi-
bility of the small morphological features essential for
species-level identification. This may have been due to
the choice of ethanol as a preservation medium, but this
was necessary since our initial sampling strategy aimed
at combining both morphological identifications and mo-
lecular techniques. The preservation method proposed
by Yoder (2006), utilizing dimethyl sulfoxide-disodium
EDTA in saturated NaCl and abbreviated DESS, was re-
cently applied successfully in our laboratory and provid-
ed promising results and is thus recommended when both
morphological identifications and molecular techniques
are needed.

The 65 different species identified out of 182 indi-
viduals confirm previous reports of a rather high spe-
cies diversity of nematodes in general (Appeltans et al.,
2012; Hodda, 2022) and in the deep sea in particular (e.g.
Lambshead & Boucher, 2003). It should be mentioned,
however, that nematode species-level data, particularly
from the deep sea, are generally scarce since most stud-
ies are either conducted at the genus level or based on
a separation into putative species. Lambshead (1993)
provided a comparison of nematode alpha diversity from
worldwide deep-sea studies. He reported numbers rang-
ing between 81 and 316 species, although in most of the
studies mentioned, a much higher sampling effort was
applied. In a more recent compilation derived from var-
ious literature sources, Miljutin et al. (2010) provided a
comprehensive summary of deep-sea nematode species.
Their findings revealed considerable variability in nem-
atode species numbers, ranging from 1 to 6 to as high
as 175 species, contingent upon the specific geographic
region. Notably, instances of lower species counts were
predominantly associated with taxonomically focused
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publications. Among the regions reported by Miljutin et
al. (2010), the Mediterranean appears to be among the ar-
eas with the most reported species (e.g. 175 species in the
Mediterranean vs. 131 in the NE Atlantic and 130 in the
CE Pacific). Other more recent deep-sea studies from the
Mediterranean where species-level identifications were
employed reported similarly high numbers. For example,
in the central Mediterranean, Danovaro et al. (2013) re-
ported 320 species from 5084 individuals, while Dano-
varo et al. (2009) reported 15 to 82 species from >3000
individuals. Similarly, Gambi et al. (2014) reported 182
species from 3562 individuals from the central and west-
ern Mediterranean. In the eastern Mediterranean, Lampa-
dariou et al. (2013) reported 143 species from >4000 in-
dividuals; although this study dealt with chemosynthetic
environments, it did include one control station.

As mentioned above, due to the scarcity of spe-
cies-level identification, a comparison of data and species
lists is rather difficult. Nevertheless, 15 of the 40 named
species found in the present study have been reported in
the Mediterranean (e.g. Nemys eds., 2023; Schuurmans
Stekhoven, 1950; Semprucci et al., 2008; Wieser, 1956)
while the remaining 25 are reported for the first time. It
is expected that with increasing sampling efforts, many
new records or new species will be found. In addition, the
inclusion of molecular techniques along with morpholog-
ical data will certainly improve species recognition. In
this respect, the present checklist may serve as a starting
point for further research on nematodes in this understud-
ied area.

Conclusions

This study reports for the first time a partial inventory
of free-living marine nematodes from the deep waters of
the south-eastern part of the Levantine Basin. The fami-
lies and genera found in this study are typical of deep-sea
sediments. Approximately 38% of the species have been
previously reported in the Mediterranean; the remaining
62% were mainly known from the Northwestern Europe
and the North Atlantic, the two regions where most ma-
rine nematodes have been described. This emphasizes the
value of this checklist as a baseline for future studies and
the need for a larger sampling effort in this region where
our current knowledge of the distribution and the biodi-
versity of marine nematodes is limited.
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