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Abstract Fast, accurate and thorough assessments of
meiofaunal communities are crucial requirements for eco-
logical studies and routine monitoring of ecosystem sta-
tus. This study scrutinizes the reliability of the molecu-
lar approach through a comparison of morphological and
molecular inventories of meiofaunal diversity, with a spe-
cial focus on nematodes. Sediment samples were collected
from a reference coastal Mediterranean site. Metabarcod-
ing analysis was performed using a nuclear marker (small
subunit 18S ribosomal RNA) and compared to a morpho-
logical analysis performed on the same sample-cores. The
results from morphological and molecular inventories dif-
fered but were complementary. The molecular analysis
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revealed a remarkable level of diversity (16 phyla) that
exceeded the traditional morphological analysis (10 phyla),
showing that meiofaunal diversity can greatly exceed cur-
rent perceptions. The molecular method proved powerful
in detecting the presence of soft-bodied predators, such as
Platyhelminthes, possibly reflecting preservation bias in
morphological approaches. Even if the molecular inven-
tory identified 57.5% of the sampled diversity, surpris-
ingly, it has not revealed the presence of some nematode
genera identified through morphological assessment. While
the technique is promising, some further developments are
required. As the dominant genus Sabatieria was undetected
by the molecular approach, despite being present in the
Silva database, improving the knowledge of specific prim-
ers should be a priority. Additionally, with 77% of nema-
tode OTUs remaining unassigned at genera level, remedy
this lower efficiency requires further investigations to pro-
vide DNA-sequences of all morphologically identified
species.

Introduction

Marine sediments are teeming with tiny invertebrates that
range in size from 40 ym to 1 mm and have densities up
to several million individuals per m?, which are frequently
referred to as meiofauna. Marine meiofauna include rep-
resentatives from Nematoda, Copepoda, Turbellaria, Kin-
horyncha, Gastrotricha and Ostracoda, as well as juveniles
of macrofauna (Higgins and Thiel 1988). Approximately
60% of animal phyla have meiofaunal representatives (Hig-
gins and Thiel 1988; Giere 2009) and therefore, these tiny
animals constitute a major part of marine biodiversity
(Snelgrove 1999). Meiofauna include primarily metazoans,
but also ecologically relevant protozoans, such as ciliates
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and foraminiferans, which are often identified from meiob-
enthological studies (Higgins and Thiel 1988). Meiofauna
play an important role in sediment biogeochemical and
ecological processes (Giere 2009; Bonaglia et al. 2014).
In marine sediments, these communities make essential
contributions to nutrient cycling, secondary production
and sediment bioturbation (Ingels et al. 2010; Nascimento
et al. 2012; Bonaglia et al. 2014). Despite the high num-
ber of individuals and the ecological role of meiofaunal
communities, current estimates of species richness remain
largely uncertain (Lambshead and Boucher 2003). Because
the morphological identification of meiofauna is very time-
consuming and requires rare taxonomic skills, benthic stud-
ies persistently suffer from the lack of information on mei-
ofaunal community structure. The deficiency of those data
becomes a limiting factor in understanding marine benthic
communities and their role in ecosystem functioning, as
well as in the monitoring survey of marine habitats.

The use of molecular identification techniques holds
great promises to overcome these limitations (Rothberg and
Leamon 2008). For prokaryote communities, knowledge
of diversity has expanded by several orders of magnitude
in the last decade as a result of modern DNA sequencing
tools (e.g., DeLong et al. 2006; Sogin et al. 2006). The
use of these environmental sequencing methods for small-
sized metazoan bottom-fauna (Creer et al. 2010; Fonseca
et al. 2010, 2014; Bik et al. 2012; Tang et al. 2012; Lal-
lias et al. 2015; Dell’Anno et al. 2015) holds great promise
for improvement of meiobenthic inventories. Nevertheless,
the development of environmental metagenetic tools in the
context of meiobenthic communities is still limited by the
capacity to accurately link molecular diversity assessments
to traditional morphological inventories of meiofauna. The
reliable and accurate identification of organisms remains a
crucial step for ecological studies and the routine monitor-
ing of ecosystems.

The aim of this study was to compare molecular dataset
consisting in total of 200,000 sequences amplified from the
nuclear 18S gene regions to results from a traditional mor-
phological study performed on replicate-cores taken in one
reference coastal Mediterranean site at the same time-point.
The study-site was a shallow, sandy area at 27 m depth in
the Bay of Banyuls, France. The macrofauna at this loca-
tion has been monitored since 1967 (Guille 1970, 1971,
Grémare et al. 2002; Labrune et al. 2007) and environmen-
tal parameters have been recorded since 1995 (SOMLIT-
oceanographic observation network). Previous descriptions
of meiofauna from the Gulf of Lion were based on morpho-
logical identification, focusing on harpacticoid copepods at
the species level (Guille and Soyer 1968; Soyer 1970, 1974)
or at the phyla level (Grémare et al. 2002). The present
study provides the first molecular description of meiofaunal
diversity at this site, combined with detailed morphological
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analyses. In addition to complementing current molecular
databases for Mediterranean coastal meiobenthos, detailed
comparisons of the two inventories not only describes their
differences and similarities, but also highlights the respec-
tive performance of the two methods in addressing the
overlooked meiofaunal contribution to benthic ecological
functions.

Materials and methods
Study site and sampling

The general methodology was presented in Fig. 1. Sam-
pling was carried out in the Bay of Banyuls-sur-Mer on
April 2010, at the long-term coastal monitoring site “sta-
tion SOLA” in the North-Western Mediterranean Sea
(42°29.294 N-03°08.574 E). This site is a part of the
oceanological observation network SOMLIT (http://
somlit.epoc.u-bordeaux1.fr), and is located less than one
mile from the marine station of Banyuls. This proxim-
ity allowed sample treatment to be completed within less
than 1 h. The sediment at this location is composed of 50%
fine sand, 38% median sand and 12% silt. Three replicate
sediment cores, measuring 6 cm in diameter and 10 cm in
height, were collected by divers at 27 m depth (from a 1 m
X 1 m square). To be able to compare datasets, the same
three cores were used for both morphological and molec-
ular analyses. In the laboratory, each core was immedi-
ately split vertically in two parts. These six samples were
rinsed through 1 mm sieves to remove macrofauna and
40 pm sieves to retrieve meiofauna. From the fraction of
40 um—1 mm, organisms were isolated by centrifugation in
a Ludox solution (Heip et al. 1985). The samples dedicated
to the morphological analysis were fixed in a 4% forma-
lin solution, while the samples dedicated to the molecular
analysis were immediately preserved at 4 °C.

Processing for morphological analysis

The samples preserved in 4% formalin were split in two
or four equal parts using a sample splitter (Motoda-box).
Meiofauna abundances and taxonomic composition from
three subsamples (corresponding to the three cores) were
obtained by counting and identifying specimens under bin-
ocular microscope. The nematode diversity, based on 100
individuals collected randomly per sample, was established
by identification at genus level under optical microscope
using identification keys (Platt and Warwick 1983, 1988;
Platt et al. 1988). All Copepoda (Arthropoda) were identi-
fied to the genus (Lang 1975a, b; Huys et al. 1996), while
Polychaeta (Annelida) were identified to the family level
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Fig. 1 Scheme of the protocol
applied to analyse meiofaunal
diversity from morphological
and molecular methods

Step 1 : Meiofauna sampling

Sampling of three sediment cores (6 cm of diameter, 10 cm in height) per quadrat
Tmx1m

(

)

Vertical division of each core into two equal parts

A

Step 2 : Production of sequence data
from sediment

Sieving of sediment through decreasing
mesh sizes of 1 mm and 40 um.

Ludox extraction

DNA extraction

DNA amplification (PCR) with primers :
Euk 528 and R18

Mixing together the 3 PCR samples

High throughput next generation DNA
sequencing

Raw sequence data

Step 3 : Production of morphological data
from sediment

Sieving of sediment through decreasing
mesh sizes of 1 mm and 40 um.

| Preservation in 4% formalin |

| Ludox extraction |

Counting of taxa under binocular

| Mounting of specimens on the slides |

| Identification of taxa under microscope |

Step 4: Bioinformatic processing and analysis

| DNA-based species identification using 18S reference database (SILVA) |

| Comparison of both databases, morphological vs. molecular |

(Fauvel 1923; Westheide 1990). The remaining metazoans
were identified to the class or phyla.

Processing for molecular analysis

DNA extractions were performed separately for the
three replicate-cores, using the CTAB method (Winne-
penninckx et al. 1993) with manual grinding. The quality
of extracted DNA was checked by agarose electrophore-
sis (0.8% agarose gel, TAE 0.5x buffer, 20 min, 100 V).
The primers Euk528 (5'-ccgcggtaattccagete-3') and
R18 (5'-cgttatcggaattaaccagac-3") were used to amplify

approximately 760 bp of the V4-V5 regions (Hadziavidic
et al. 2014) of the nuclear 18S rRNA gene. The PCR
cycling consisted of 2 min of denaturation at 95 °C, fol-
lowed by 30 PCR cycles (1 min at 95°C, 1 min at 55°C
and 1 min at 72°C) and then 4 min at 72°C. The PCR
products from the three samples were first gel-purified
using NucleoSpin® Gel and PCR CleanUp (Macherey
Nagel), quantified by Nanodrop, and then the equal quan-
tities of DNA from each amplicon were mixed together
before processed on 454 Roche FLX sequencer at the
GATC Biotech Laboratory in Germany.
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Bioinformatic data processing and analyses

We applied the QIIME workflow (Caporaso et al. 2010) to
the analysis of meiofaunal diversity (see SI_1 for QIIME
scripts used for bioinformatics data processing analyses).
The sequences generated from the pyrosequencing run
were processed using the PyroNoise algorithm (Schloss
et al. 2009) to remove 454 sequencing errors and the PCR
single base, while the UCHIME algorithm (Edgar et al.
2011) was used to identify and remove potential chimeras
(Quince et al. 2011). The average resulting sequence size
was 200-220 bp and sequences shorter than 199 bp were
discarded. Aligned sequences were clustered into Opera-
tional Taxonomic Units (OTUs) using UCLUST (Edgar
et al. 2011), with a similarity cut-off of 96%. Taxonomic
assignments were performed using Megablast against the
downloaded nucleotide database Silva 119, and the OTU
annotation was restricted to matches of 90% and higher.
Sequence data were deposited in the GenBank/EMBL/
DDBJ short-read archive as submission ID: SRR2976849.
The software PAST (3.0) (Hammer et al. 2001) was used
to perform a rarefaction analysis based on the number of
nematode sampled for morphological method and the num-
ber of OTUs found by molecular method. The Primer-E
software (Clarke and Warwick 2001) was used to calculate
similarity index of the nematode community. Data were
presence/absence transformed and Bray—Curtis similarity
matrices were performed to determine if differences exist
between the three samples used for morphological analysis
(i.e., an indication of the local heterogeneity within the 1 m
X 1 m square) and between the morphological and molecu-
lar datasets. The morphological inventories obtained from
three samples were pooled before to compare with the
diversity obtained by molecular method. Presence/absence
information obtained from molecular and morphologi-
cal datasets are shown in SI_2 dataset. The browser Krona
(Ondov et al. 2011) was used to create the graphics.

Results
Morphological assessment of meiofaunal diversity

The mean abundance of meiofauna was 1341 (%356,
SD) ind.10 cm™2 Among the 10 phyla found, Nematoda
was the most abundant (77%), followed by Arthropoda
(encompassing Copepoda—15%, Ostracoda—1%, Amphi-
poda—1%), Annelida (3%) and other phyla, whose relative
abundances were less than 1%: Mollusca, Priapulida, Kino-
rhyncha, Cnidaria, Plathyhelminthes, Gastrotricha, Rotifera
(Fig. 2).

The nematodes were classified into 51 genera belong-
ing to 22 families and 4 orders (Fig. 3). The dominant
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Fig. 2 Metazoan diversity assessed using the morphological
approach (The relative abundance obtained from the three replicate-
cores pooled)

genera were: Sabatieria (12%), Daptonema (11%) and
Ptycholaimellus (9%). The Copepoda (Arthropoda), the
second most abundant taxa, were classified into 7 genera
(Robertgurneya, Cletodes, Normanella, Mesochra, Bradya,
Bryocamptus and Tigriopus). The Polychaeta (Annelida),
the third most abundant taxa, were identified to the fam-
ily level as Lumbrineridae, Onuphidae, Serpulidae and
Polygordiidae. Some soft-bodied animals (representing
2% of all meiofauna) were poorly preserved, precluding
their identification, and they were noted as “unidentified”.
Among non-metazoans, only Foraminifera were found, and
as they represented 1% of the total abundance, they were
not included in the analysis of meiofauna.

Molecular assessment of meiofaunal diversity

Sequencing yielded a total of 191,983 sequences. After
quality filtering, 144,011 high-quality sequences over 200
bases were obtained. In total, 4717 OTUs were obtained
and assigned according to the Silva database. The majority
of OTUs (4415) belonged to metazoans (16 phyla), while
302 OTUs were assigned to other eukaryotes: Alveolata,
Stramanopiles, Fungi, Chlorophyta, Rhizaria, Amebozoa
and Rhodophyceae. For downstream diversity analysis, we
used the similarity cut-off of 96%, previously shown to best
reflect levels of taxonomic diversity (Fonseca et al. 2010,
2014; Lallias et al. 2015).

Among the 16 metazoan phyla, Nematoda (2390
OTUs) was the most OTU-rich phylum, followed by
Arthropoda (1272 OTUs), Annelida (301 OTUs) and
Platyhelminthes (178 0TUs) (Fig. 4). Six phyla identi-
fied by the molecular analysis (i.e., Nemertea, Hemichor-
data, Echinodermata, Brachiopoda, Tardigrada, Porifera,
Sipunculida) were not found in the morphological inven-
tory. These phyla were represented by a scarce number
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Fig. 3 Nematode diversity assessed using the morphological approach. The 300 identified nematodes were classified in 51 genera belonging to
22 families and 4 orders (The relative abundance obtained from the three replicate-cores pooled)

Fig. 4 Assessment of meiofau-
nal diversity using molecular
approach (The relative abun-
dance of OTUs obtained from
the three replicate-cores pooled)

Metazoa
Kinorhyncha 0.9% |

Mollusca 0.7%
Nemertea 0.4% |
Rotifera 0.3% [
Cnidaria 0.1% [
Hemichordata 0.1%
Echinodermata 0.05% [
Porifera 0.05% [
Sipunculida 0.02% [
Brachiopoda 0.02% [
Tardigrada 0.02% [

of OTUs with few sequences. The summary information  reference sequences in the Silva database, showed that a
obtained from the morphological and molecular data-  majority of nematode OTUs uncovered in this study had
sets for the metazoans is shown in SI_3. Moreover, the no known matches in the database, similar to most of the
comparison of the number of different OTUs across the  phyla identified in the sample (Fig. 5). This suggests that
main phyla, as well as their various levels of matching to  these may be novel sequences.
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Fig. 5 Number of OTUs

for the main phyla and their
percentage identity compared
with sequences in the Silva
database (http://www.arb-silva.
de) (The relative abundance of
OTUs obtained from the three
replicate-cores-pooled)

Comparison of morphological and molecular

BLAST hits

approaches in assessing nematode diversity

In total, 51 genera of nematodes were identified from the
morphological approach (Fig. 3) and 42 from the molec-

ledsimilarity 90-70%

B similarity >90%

—number of OTUs
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Number of OTUs

molecular and morphological inventories reveals a par-
ticularly high diversity, with 73 genera belonging to 22
families and 4 orders (Fig. 7). It should be noted that 13

ular approach (Fig. 6). The compilation of results from

molec.app.
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genera out of the 51 (i.e., 25%) identified by the mor-
phological approach were not present in the molecular

Fig. 6 Nematode diversity assessed using the molecular approach. The 552 OTUs assigned to nematode at genus level were classified in 42 gen-
era belonging to 20 families and 4 orders (The relative abundance of OTUs obtained from the three replicate-cores pooled)
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subclass: Chromadoria
(orders: Chromadorida and Monhysterida)
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Fig. 7 Nematode genera identified by morphological and molecular
approaches. The bars indicate that genus was found using morpho-
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subclass: Enoplia
(orders: Enoplida and Trefusiida)
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Viscosia
Wieseria

d molecular approach

H morphological approach

Fig. 7 (continued)

survey, suggesting that these genera have no matches pre-
sent in the Silva database.

The Bray—Curtis analysis, in which an index of 100%
denotes the highest similarity, revealed a similarity of
42% between morphological and molecular datasets and
a similarity of 62% between the three morphological rep-
licates. The slope of rarefaction curves did not approach
an asymptote, suggesting that nematode diversity was not
exhaustively characterized neither by morphological, nor
by molecular method (Fig. 8).

Discussion

This study is the first to compare morphological and molec-
ular survey of meiofaunal diversity from a coastal North-
Western Mediterranean sedimentary site. The traditional
morphological approach is a long-established and validated
method upon which the quantitative and qualitative analy-
sis of meiofaunal diversity can be firmly established (Hig-
gins and Thiel 1988; Giere 2009), provided that attention
is paid to extraction methods. The meiofaunal abundance
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Fig. 8 Rarefaction curves
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determined in this study (1341 +356 ind.10 cm™?) exceeds
previous records in the Bay of Banyuls-sur-Mer (38 to 685
ind. 10 cm™2, Guille and Soyer 1974; Soyer 1971). This
difference likely reflects natural variability, however, it
may also be due to the use of different methods for mei-
ofauna separation from sediment. In the present study, the
meiofauna was sieved on a 40 pm mesh and then extracted
with a Ludox solution, a procedure allowing an extraction
efficiency of 90% (Heip et al. 1985; Giere 2009). Previ-
ous studies (Guille and Soyer 1974; Soyer 1971) sieved
the sediment on a 83 um mesh and relied on the decanta-
tion method, which is less efficient for quantitative analy-
ses (Higgins and Thiel 1988). Our results compare well
with those reported in Grémare et al. (2002) for the Gulf
of Lion, where the abundances varied from 1266 to 5587
ind.10 cm™2, with the same extraction protocol.

The meiofaunal morphotaxonomic diversity (10 phyla)
still exceeds the diversity previously described in the Gulf
of Lion, varying between 5 and 7 phyla (Guille and Soyer
1968; Grémarre et al. 2002) reflecting the wide variability
of these communities over space and time. The morpholog-
ical assessment of meiofaunal richness indicated that Nem-
atoda were the most dominant (77%), far ahead Arthropoda
(17%) and Annelida (3%), which ranked second and third,
respectively. These relative abundances were overall con-
sistent with meiofaunal richness assessed for the Gulf of
Lion (Grémare et al. 2002).

While the present or previous studies placed Platyhel-
minthes among very rare or absent phyla in morphological
inventories (Grémare et al. 2002), the molecular analysis
revealed the importance of this phylum. Indeed, the molec-
ular assignment ranked Platyhelminthes OTUs as the fourth
richest phylum after Nematoda, Arthropoda and Annelida.
These results are consistent with those of Fonseca et al.
(2010) and Lejzerowicz et al. (2015), which revealed the
unexpected importance of Platyhelminthes in the molecular

@ Springer
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inventories of meiofauna. As this phylum is considered rare
in morphotaxonomic inventories, these findings suggest
that a review of its relative importance is now necessary.

Several reasons can explain the lower diversity identi-
fied from morphological versus molecular assessments.
First, morphological observations are made on sub-samples
(e.g., split in two or four after ludox extractions) to facili-
tate the analysis and reduce the identification time. How-
ever, this procedure can lead to an underestimation of some
rare taxa. Conversely, in the molecular approach, the entire
samples were used for DNA extraction, thereby enhanc-
ing the chances to capture the rare taxa. Another plausible
artefact might be the poor preservation of soft-bodied taxa
with the traditional method, particularly the use of forma-
lin, which induces degradation of soft-bodied meiofauna
such as Plathelminthes and Nemertea (Higgins and Thiel
1988; Curini-Galletti et al. 2012). Unlike samples for mor-
phological identification that were preserved in 4% forma-
lin, unpreserved samples were used for molecular analysis,
avoiding this potential preservation bias.

Nevertheless, both methods consistently show that mei-
ofaunal phyla are dominated by the nematodes. Beyond
the Nematode phylum level, further trends can be explored
within the datasets. Both approaches confirmed the high
diversity found in the nematode assemblage, and in total, 73
genera belonging to 22 families and 4 orders were identi-
fied, which is among the highest values in the range of mor-
phologically based diversity reported in the Mediterranean
Sea (Danovaro et al. 2000). Out of 73 genera, morphologi-
cal analysis detected 51 genera. Even if molecular analysis
provided only 42 genera, 22 of them were not detected by
morphological method. The detected genera were provided
by morphological analysis alone (42.5%), molecular analy-
sis alone (30.1%) and both methods (27.4%). It should be
recalled that the morphological method identifies 51 gen-
era out of 300 individuals. Even if OTUs and individuals
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cannot compare directly, the rarefaction curves (Fig. 8)
show that with 300 OTUs 35 genera should be obtained.
It is rather unexpected that, out of 2390 OTUs assigned
to nematodes, molecular method contributed less than the
morphological method to diversity assessment. It should be
noted that only 552 OTUs (23%) could be assigned to the
genera. Thus, the missing diversity might well be hidden in
the remaining 77% OTUs.

At present, the morphological method appears more
effective in identification of nematode genera. Both the
state of development of the reference database and the
sampling variability may influence the results. First, about
half of the genera undetected by the molecular approach
had no known matches in the Silva database, making their
identification impossible. Second, some genera had very
low abundances, and thereby, they may be not present
in the extracted DNA from the samples. Although both
approaches used the same sediment cores split on two equal
parts, meiofaunal assemblages may substantially differ on
the mm- to cm-scale (Li et al. 1997; Giere 2009; Ingels
and Vanreusel 2013) and this spatial heterogeneity could
hamper the ability to obtain two identical assemblages for
analysis by the two methods. This may be partly reflected
in the difference between the morphological and molecular
portion of a sample.

An unexpected result was that the best-represented
genus in the morphological inventory, Sabatieria, was not
detected by the DNA-based approach even if present in the
Silva database. Thus, no sequences from Sabatieria were
obtained after PCR. It may reflect the lack of specificity of
primers for this nematode. The focus on meiofauna in gen-
eral, not just nematodes, lead to use universal primers that
target a wide array of eukaryotic taxa. A recent study sug-
gests the use of a more specific primer set for nematodes
so that PCR is more effective to amplify the templates
(Porazinska et al. 2009). Another possibility of PCR error
may be the presence of inhibitors in the sample, generation
of artificial DNA sequences (Coissac et al. 2012) or com-
petitive nature of PCR (Porazinska et al. 2009). Thus, there
are a few possible, non-mutually exclusive explanations
for these discrepancies. However, only a specific study on
primers would determine whether a multi-locus amplifica-
tion would allow a better description of meiofaunal diver-
sity compared to the unique primer method used here.

An important methodological limitation in most stud-
ies is the reliance upon DNA extracted directly from the
sediment sample, which leads to the co-extraction of
humic substances present in large amounts in the sedi-
ment (Pawlowski et al. 2011). The humic substances
co-extracted during DNA retrieval greatly inhibit the
enzymes involved in manipulating DNA, and various
commercial kits available for soil DNA extraction are
usually unable to overcome the problem (Dong et al.

2006). To address this issue, the DNA was extracted from
organisms previously separated from the sediment and
the commercial kits were substituted using a classical
DNA extraction method (Winnepenninckx et al. 1993)
in the present study. Rigorous sieving and washing of
organisms on 40 um mesh prior to DNA extraction were
applied to remove the majority of extracellular DNA and
the remains of dead organisms. As such, these methods
should limit the possibility that some metazoan OTUs
correspond to dead organisms or extracellular DNA pre-
served in the sediment.

Previous metabarcoding studies on meio- or macrob-
enthos from intertidal zones or deep-sea also found that
the number of meiofaunal phyla assessed by molecular
approach was higher than those previously identified by
morphological assessments (Creer et al. 2010; Fonseca
et al. 2010; Pawlowski et al. 2011; Bik et al. 2012; Lallias
et al. 2015; Cowart et al. 2015; Lejzerowicz et al. 2015).
The discrepancy between the two datasets clearly illus-
trates the non-exhaustive nature of assessments obtained
with the morphotaxonomic assessments. For example,
Lejzerowice et al. (2015) pointed out that the most strik-
ing difference between morphological and molecular data
was that numerous OTUs could be assigned to Platyhel-
minthes, whereas these meiofaunal taxa were not included
in the morphotaxonomic inventory. The molecular meth-
ods are particularly useful for uncovering “temporary mei-
ofauna”, juveniles of macrofauna and early developmental
stages (eggs, larvae) of metazoans (Lejzerowicz et al. 2015;
Cowart et al. 2015). Moreover, mobile species native to the
community might escape the sampling; therefore, they may
be not taken into account in morphological inventories. The
molecular analyses can provide information on organisms
having left biological footprints as scales, mucus or other
remains; therefore, the presence of these species may be
recorded (Dafforn et al. 2014; Cowart et al. 2015). These
previous studies highlighted that compared to the tradi-
tional morphological inventory, metaborcoding provides a
more holistic view of the meiofaunal diversity.

Drawing conclusions from the comparison of meioben-
thic phyla in different studies is challenging, because differ-
ent protocols were used, i.e., sampling surfaces and nSSU
regions for primer design. Particularly, there is an ongo-
ing debate over which of the variable 18S regions are most
applicable for biodiversity studies. Recent results suggested
that the V2, V4 and V9 regions were the best suited for
biodiversity assessments (Hadziavidic et al. 2014). In the
present study, the primers used here were chosen to anneal
the V4-V5 regions of the 18S rRNA gene. According to
Hadziavidic et al. (2014), the V4 region is well suited for
the biodiversity assessment for eukaryotes, because it is
the longest variable region in the 18S rRNA gene with
the highest length of polymorphism and yields the highest
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taxonomic resolution at cut-off values ranging from 95 to
100% of the sequence identity (Hadziavidic et al. 2014).

Conclusions

The study supports the suitability of DNA sequencing tech-
nologies and molecular analysis approaches for the iden-
tification of meiofaunal taxa from marine sediments. The
molecular analysis, however, is more sensitive in detecting
rare phyla and reinforces the idea that morphology-based
knowledge of meiofauna in marine sediments is largely
incomplete. Our study further identifies steps to improve
molecular-based identification, particularly for lower taxo-
nomic levels (i.e., the genera/species of nematodes). A spe-
cific study on primer suitability would be needed to deter-
mine whether a multi-primer approach would allow a better
description of meiofaunal diversity compared to the unique
primer method used here. Additionally, further improve-
ment of reference databases will allow identification of
unknown sequences. Because many unsequenced taxa exist
in marine sediments, DNA-sequencing of all morphologi-
cally identified species is a prerequisite that will require a
close collaboration between taxonomists and molecular
biologists.
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