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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; Israeli 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 µm and a lower limit 
of 44-63 µm. 

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‰, and the oxygen 
concentration just above the seafloor in the studied area 
is >175 μM (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 μm 
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 m2 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 µm. 

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.

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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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. 

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 

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 34.310 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
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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.

Acknowledgements

We would like to express our gratitude to the crew 
of R/V “Bat Galim” for their help during sampling. We 
also thank Roberto Danovaro, Cristina Gambi, and Laura 
Carugati for hosting Zoya Harbuzov at their laboratory 
for two months and introducing her to the morphological 
identification of nematodes. The study was partially sup-
ported by grants 216-17-011 and 220-17-004 from the Is-
raeli Ministry of Energy to Hadas Lubinevsky and Moshe 
Tom. The morphological identifications were completed 

at the Institute of Oceanography of the Hellenic Center 
for Marine Research in Heraklion, Crete, and were fi-
nanced by a two-month visit funded by the EU COST 
program “Short term scientific mission - Action number: 
CA15219-45333” to Zoya Harbuzov.

References

Ape, F., Arigò, C., Gristina, M., Genovese, L., Di Franco, A. et 
al., 2016. Meiofaunal diversity and nematode assemblages 
in two submarine caves of a Mediterranean marine protect-
ed area. Mediterranean Marine Science, 17 (1), 202-215.

Appeltans, W., Ahyong, S.T., Anderson, G., Angel, M.V., Ar-
tois, T. et al., 2012. The magnitude of global marine species 
diversity. Current Biology, 22 (23), 2189-2202.

Berman-Frank, I., Rahav, E., 2012. Dinitrogen fixation as a 
source for new production in the Mediterranean Sea: a re-
view. p. 199-226. In: Life in the Mediterranean Sea: a Look 
at Habitat Changes. Stambler, N., (Ed.). Nova Science Pub-
lishers, New York.

Boucher, G., de Bovée, F., 1971. Trochamus carinatus gen. 
et sp. n. et Adeuchromadora megamphida gen. et sp. n. 
Chromadoridae Nematoda à dix soies céphaliques de la 
vase terrigène côtière de Banyuls-sur-Mer. Vie Milieu, 22 
(2), 231-242.

Coomans, A.V., 1989. Overzicht van de vrijlevende nemato-
fauna van België (Nematoda). p. 43-56. In: Proceedings 
of the Symposium “Invertebrates of Belgium”, Brussel, 
25-26 November 1988. Koninklijk Belgisch Instituut voor 
Natuurwetenschappen, Brussel.

Danovaro, R. (Ed.), 2010. Methods for the study of deep-sea 
sediments, their functioning and biodiversity. CRC Press, 
Taylor and Francis Group, 458 pp.

Danovaro, R., Bianchelli, S., Gambi, C., Mea, M., Zeppilli, 
D., 2009. α-, β-, γ-, δ- and ε-diversity of deep-sea nema-
todes in canyons and open slopes of Northeast Atlantic and 
Mediterranean margins. Marine Ecology Progress Series, 
396, 197-209. 

Danovaro, R., Carugati, L., Corinaldesi, C., Gambi, C., Guilini, 
K. et al., 2013. Multiple spatial scale analyses provide new 
clues on patterns and drivers of deep-sea nematode diversi-
ty. Deep Sea Research Part II: Topical Studies in Oceanog-
raphy, 92, 97-106.

De Coninck, L.A., Schuurmans Stekhoven, J.H., Jr. 1933. The 
free-living marine nemas of the Belgian Coast. II With 
general remarks on the structure and the system of nemas.  
Memoires du Musee Royal d’Histoire Naturelle de Bel-
gique, No. 58, 163 pp.

De Smet, G., Vincx, M., Vanreusel, A., Vanhove, S., Vanaver-
beke, J. et al., 2001. Nematoda - free living. p. 161-174. 
In: European register of marine species: a check-list of the 
marine species in Europe and a bibliography of guides to 
their identification. Costello, M.J., Emblow, C., White, R.J. 
(Eds). Collection Patrimoines Naturels, Paris.

Gambi, C., Pusceddu, A., Benedetti-Cecchi, L., Danovaro, 
R., 2014. Species richness, species turnover and function-
al diversity in nematodes of the deep Mediterranean Sea: 
searching for drivers at different spatial scales. Global Ecol-
ogy and Biogeography, 23 (1), 24-39. 



298 Mediterr. Mar. Sci., 25/2, 2024, 287-299

Gerlach, S.A., 1951. Nematoden aus der Famìlie der Chro-
madoridae von den deutschen Küsten. Kieler Meeresforsch, 
8 (1), 106 132.

Gerlach, S.A., 1952. Nematoden aus dem Küstengrundwasser. 
Abhandlungen der mathematisch-naturwissenschaftlichen 
Klasse. Verlag der Akademie der Wissenschaften und der 
Literatur in Mainz, 6, 315-372.

Gerlach, S.A., Riemann, F., 1973. The Bremerhaven Checklist 
of Aquatic Nematodes. Veröffentlichungen des Instituts für 
Meeresforschung in Bremerhaven, 4 (1), 1-404.

Gheskiere, T., 2000. Structurele diversiteit van nematodenge-
meenschappen van de Bligh Bank, Zuidelijke Bocht van de 
Noordzee. MSc Thesis. Universiteit Gent, Belgium, 91 pp.

Giere, O., 2009. Meiobenthology – The Microscopic Motile 
Fauna of Aquatic Sediments, 2nd edn. Springer, Berlin, 
Heidelberg, pp 527.

Harbuzov, Z., Farberova, V., Tom, M., Pallavicini, A., Stank-
ović, D. et al., 2022. Amplicon sequence variant-based mei-
ofaunal community composition revealed by DADA2 tool 
is compatible with species composition. Marine Genomics, 
65, 100980.

Heip, C., Vincx, M., Vranken, G., 1985. The ecology of marine 
nematodes. Oceanography and Marine Biology: An Annual 
Review, 23, 399-489. 

Hodda, M., 2022. Phylum Nematoda: trends in species descrip-
tions, the documentation of diversity, systematics, and the 
species concept. Zootaxa, 5114, 290-317. 

Jouili, S., Semprucci, F., Nasri, A., Saidi, I., Mahmoudi, E. et 
al., 2018. Inventory of the free-living marine nematode spe-
cies from el Bibane Lagoon, Tunisia. Arxius de Miscellània 
Zoològica, 16, 1-19.

Kanari, M., Tibor, G., Hall, J. K., Ketter, T., Lang, G. et al., 
2020. Sediment transport mechanisms revealed by quanti-
tative analyses of seafloor morphology: New evidence from 
multibeam bathymetry of the Israel exclusive economic 
zone. Marine and Petroleum Geology, 114, 104224.

Kress, N., Gertman, I., Herut, B., 2014. Temporal evolution of 
physical and chemical characteristics of the water column 
in the Easternmost Levantine basin, Eastern Mediterra-
nean Sea from 2002 to 2010. Journal of Marine Systems, 
135, 6-13.

Lambshead, P.J.D., 1993. Recent developments in marine ben-
thic biodiversity research. Océanis, 19, 5-24.

Lambshead, P.J.D., Boucher, G., 2003. Marine nematode deep-
sea biodiversity – hyperdiverse or hype? Journal of Bioge-
ography, 30, 475-485.

Lambshead, P.J.D., 2004. Marine nematode biodiversity. p. 
436-467. In: Nematology: advances and perspectives. Vol-
ume 1: Nematode morphology, physiology, and ecology. 
Chen, Z. X., Chen, S. Y., Dickson,  D. W.  (Eds). Walling-
ford: CABI Publishing.

Lampadariou, N., Kalogeropoulou, V., Sevastou, K., Kek-
likoglou, K., Sarrazin, J., 2013. Influence of chemosynthetic 
ecosystems on nematode community structure and biomass 
in the deep eastern Mediterranean Sea. Biogeosciences, 10, 
5381-5398. 

Lampadariou, N., Sevastou, K., 2022. Deep-sea meiofauna di-
versity.p. 173-184. In: Deep-Sea Atlas of the Eastern Medi-
terranean Sea, IUCN-HCMR DeepEastMed Project. Otero, 
M., Mytilineou, C. (Eds). IUCN Gland, Malaga.

Lubinevsky, H., Hyams-Kaphzan, O., Almogi-Labin, A., Sil-
verman, J., Harlavan, Y. et al., 2017. Deep-sea soft bottom 
infaunal communities of the Levantine Basin, SE Medi-
terranean and their shaping factors. Marine Biology, 164 
(36), 1-12. 

Mahmoudi, E., Essid, N., Beyrem, H., Hedfi, A., Boufahdja, 
F. et al., 2008. Mussel-farming effects on Mediterrane-
an benthic nematode communities. Nature Geoscience, 
6, 701-710. 

Miljutin, D.M., Gad, G., Miljutina, M.M., Mokievsky, V.O., 
Fonseca-Genevois, V. et al., 2010. The state of knowledge 
on deep-sea nematode taxonomy: how many valid species 
are known down there? Marine Biodiversity, 40, 143-159.

Moore, C.M., Mills, M.M., Arrigo, K.R., Berman-Frank, I., 
Bopp, L. et al., 2013. Processes and patterns of oceanic nu-
trient limitation. Nature Geoscience, 6, 701-710. 

Nemys eds., 2023. Nemys: World Database of Nematodes. Ac-
cessed at https://nemys.ugent.be on 2023-12-24.

Platt, H.M., Warwick, R.M., 1983. Free-living marine nem-
atodes. Part I. British enoplids. Synopses of the British 
Fauna (New Series). Vol 28. Cambridge University Press, 
Cambridge, 307 pp.

Platt, H.M., Warwick, R.M., 1988. Free-living marine nema-
todes. Part II. British chromadorids. Synopses of the British 
Fauna (New Series). Vol 38. Brill, Leiden, 502 pp.

Schuurmans Stekhoven, J.H., Jr. 1943. Freilebende marine 
Nematoden des Mittelmeeres. IV. Freilebende marine Nem-
atoden der Fischereigründe bei Alexandrien. Zoologische 
Jahrbücher (Systematik), 76 (4), 323-378.

Schuurmans Stekhoven J.H., Jr. 1950. The free-living marine 
nemas of the Mediterranean. I. The Bay of Villefranche. 
Mémoires Institut Royal des Sciences Naturelles de Bel-
gique, 2 (37), 1-220.

Semprucci, F., Sandulli, R., De Zio Grimaldi, S., 2008. Ade-
nophorea nematodi marini. Biologia Marina Mediterranea, 
15, suppl., 184-209.

Semprucci, F., Balsamo M., 2012. Key role of free-living nem-
atodes in the marine ecosystem. p. 109-134. In: Nematodes: 
morphology, functions and management strategies. F. Bo-
eri, F., Jordan, A.C. (Eds).  Hauppauge, NY: NOVA Science 
Publishers.

Semprucci, F., 2013. Marine nematodes from the shallow sub-
tidal coast of the Adriatic Sea: species list and distribution. 
International Journal of Biodiversity, 1-9.

Sevastou, K., Lampadariou, N., 2021. Benthic meiofauna in the 
Aegean Sea. In: The Handbook of Environmental Chemis-
try. Springer, Berlin, Heidelberg.  

Siokou-Frangou, I., Christaki, U., Mazzocchi, M.G., Montre-
sor, M., Ribera d’Alcalá, M. et al., 2010. Plankton in the 
open Mediterranean Sea: a review. Biogeosciences, 7 (5), 
1543-1586. 

Thiermann, F., Windoffer, R., Giere, O., 1994. Selected meio-
fauna around shallow water hydrothermal vents off Milos, 
Greece: ecological and ultrastructural aspects. Vie Milieu, 
44 (3/4), 215-226. 

Travisi, A., Vidakovic, J., 1997. Nematofauna in the Adriatic 
Sea: review and check-list of free-living nematode species. 
Helgoländer Meeresuntersuchungen, 51, 503-519.

Warwick, R.M., Platt, H.M., Somerfield, P.J., 1998. Free-liv-
ing marine nematodes Part III. Monhysterids. Synopses of 



299Mediterr. Mar. Sci., 25/2, 2024, 287-299

the British fauna, New Series, 53. ISBN 1-85153-260-9. 
VII, 296 pp.

Wieser, W., 1956. Eine Sammlung mariner Nematoden aus 
Piraeus (Griechenland). Österreichische Zoologische 
Zeitschrift, 6 (3/5), 597-631.

Yoder, M., Tandingan De Ley, I., Wm King, I., Mundo-Ocam-
po, M., Mann, J. et al., 2006. DESS: A versatile solution for 
preserving morphology and extractable DNA of nematodes. 
Nematology 8, 3, 367-376.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

