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Abstract: The Mediterranean region has a high but unevenly studied level of invertebrate diversity.
Genetic-based methods, such as DNA barcoding and metabarcoding, are proposed for biodiversity
assessment; however, their application is not always straightforward. The current state of data
available in genetic databases limits species identification, especially in the case of certain invertebrate
groups. The aim of the study was (1) to assess the diversity of seven invertebrate groups, which are
potential prey for predatory arthropods, in order to facilitate the analysis of the metabarcoding of
trophic interactions and, thus, expand our knowledge on biocontrol potential, and (2) to estimate
the representation of local species in BOLD and NCBI GenBank databases. The DNA barcoding
results consisting of sequences for 269 specimens, collected in Zadar County, within Mediterranean
part of Croatia, were used for species identification and species richness assessment through the
comparison of our data with the data available in BOLD and NCBI databases, and by applying species
delimitation methods. Previous barcode records enabled Lepidopteran, Hemipteran, Dipteran, and
Hymenopteran species identification, while Collembolan and Oligochaetes species numbers were
assessed using species delimitation. Our results showed that a high number of species were unique
to the study area, especially in the case of Collembolans and Oligochaetes. We confirmed that the
studied area is under-researched, which was particularly evident in taxonomically demanding groups,
such as Collembolans and Oligochaetes, which are rich in rare endemic species.

Keywords: BOLD database; cytochrome c oxidase subunit; Croatia; diversity; invertebrates;
Mediterranean region; NCBI database; species delimitation

1. Introduction

DNA barcoding is considered to be a valuable tool for rapid species identification,
as it is based on molecular data and does not require specific expertise in morphological
taxonomy [1,2]. The most common molecular marker used in the DNA barcoding of ani-
mals is the mitochondrial gene coding for cytochrome oxidase subunit one (COI). From
2003, when the DNA barcoding method was suggested [3], up to now, it has been used for
taxonomic, phylogenetic, biodiversity, and monitoring purposes [2,4–8], and numerous bar-
code projects have been undertaken to support species identification [7–12]. In extensively
studied regions, the DNA barcoding method has been successful in detecting unrecorded
species, as well as in highlighting biodiversity, as shown with the example of dipteran fauna
in Bavaria, Germany [13]. The use of DNA barcoding in diversity assessments has shown
its usefulness in different regions and for different groups [14–16]. However, despite the
extensive efforts being invested in submitting data to the National Center for Biotechnology
Information’s (NCBI) GenBank library and the Barcode of Life Database (BOLD), there are
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still huge gaps concerning some animal groups and geographical regions in these genetic
databases [17,18]. This suggests that there is a difference between the pace at which new or
neglected species are being identified and the pace at which they are being sequenced [19].

Information gathered from DNA barcodes can be used across many fields of biology,
especially in ecology, for studying species interactions, the connection of different life stages,
or trophic interactions [20]. In particular, trophic interactions can be studied through the
metabarcoding of gut contents [17,21]. Many studies have been based on the sequencing of
prey fragments’ COI gene detected in the predator’s gut and the subsequent identification of
prey species by comparing the resulting sequences with those in reference databases [21–23].
In these and similar environmental DNA (eDNA) studies, the efficiency and accuracy of
species identification strictly depend on the data available in the DNA databases [12,17].
This poses a problem when eDNA studies are conducted in geographical regions which
are scarcely investigated and/or underrepresented in barcode libraries, especially if the
regions are abundant in rare and endemic species, such as the Mediterranean.

Croatia’s coastline is a part of the Mediterranean region in the west of the Balkan
peninsula, and its invertebrate fauna is quite diversified [24,25]. This part of the country
has a long tradition of olive oil and wine production, and olive orchards and vineyards
are a common part of the landscape. Despite its high diversity, the region, including the
agricultural land, is still under-researched, resulting in the underrepresentation of local
fauna data. Oligochaetes (Lumbricidae) have a high level of diversity in the western part of
the Balkan, and the Mediterranean zone, especially, is considered to be one of the biodiver-
sity hotspots for the group [24]. However, a complete taxonomic resolution for the species
present in the area has not been achieved. The Mediterranean lands harbour Europe’s
richest ant fauna, and half of Croatia’s ant species can be found in its coastal zone [25]. Due
to this diversity, the list of ant species present in Croatia is incomplete [25]. As with the
species composition for the groups such as Hemipterans [26] and Lepidopterans [27], in
agricultural areas, composition is related to the type of crop, given that these are mainly
plant feeders and are related to certain plant species. Hemipterans especially have been
extensively studied within the agricultural area due to various pests pertaining to this
group [26]. Furthermore, Collembolan fauna is continuously being discovered, particu-
larly in under-studied areas [28]. The local diversity of Collembolans, ants and all of the
abovementioned groups has been negatively impacted by the agricultural land use and
landscape changes [29–31].

Given that the species richness of the area is still understudied for many invertebrates,
and given the land use pressures of agriculture, in the present study we implemented
the DNA barcoding method to analyze species composition for Hemipterans, Dipterans,
Lepidopterans, Hymenopterans, Collembolans, Oligochaetes, and Isopods, all groups
important for assessing trophic interactions among invertebrates within Mediterranean
agricultural lands [32–35]. Their selection was based on their potential as prey for common
predatory arthropods, such as spiders and carabid beetles. Groups such as Hemipterans,
Dipterans, and Lepidopterans include numerous species (e.g., Scaphoideus titanus, Bactrocera
oleae, Prays oleae) that are frequent pests in vineyards and olive orchards. Other invertebrates,
such as Oligochaetes, Collembolans, Hymenopterans, and Isopods, may serve as alternative
prey to maintain predator populations during periods when pests are not present [35,36].

The aim of this research was to: (i) assess the diversity and genetic diversity of selected
invertebrate groups in sampled Mediterranean vineyards, olive groves, and surrounding
natural habitats; (ii) analyze the potential of the DNA barcoding method to determine
species in Mediterranean vineyards, olive groves, and surrounding natural habitats in
Zadar County in Croatia through available global data deposited in two databases, BOLD
and NCBI; (iii) evaluate if the current state of the data available in global barcode databases
is sufficient for conducting eDNA studies in Mediterranean terrestrial ecosystems and, if
not, to detect the invertebrate groups that are part of the data gap.
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Thus, additional data on species diversity and the genetic diversity of these groups
can provide valuable information that can be implemented in subsequent ecological studies
on biocontrol, diversity conservation in agricultural land, and sustainable management.

2. Materials and Methods
2.1. Sampling

Sampling was conducted in five sites within Zadar County, in the Mediterranean part
of Croatia (Figure 1). A list with geographical coordinates, size of the agricultural land,
and altitude is provided for the sampling sites (Supplementary Table S1). Sampling sites
were located within two vineyards and two olive orchards, targeting fauna typical for such
agricultural habitats in the Mediterranean part of Croatia, and within the surrounding
natural habitat, with maquis and garrigue formed by the natural vegetation of the region.
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Figure 1. Map showing five sites (black squares), in Zadar County in the Mediterranean part of
Croatia, selected for field research and sampling. The site within the natural habitat is located near
Poličnik (C) (1), the olive orchards are located in Poličnik (OE) (2) and Škabrnja (OI) (5), the vineyards
in Baštica (VI) (2) and Nadin (VE) (4).

Samples were collected during field research in 2018 and 2019. In 2018, sampling was
conducted five times in the spring season, from April to July, and four times in the autumn
season, from September to November. In 2018, three methods were applied: the beating
method for tree canopy fauna [37], the Tullgren funnel method [38] for soil fauna, and
additional sampling by hand where for anecic earthworms we used the electricity power
as described below in more detailes. In 2019, sampling was performed by hand only, in the
spring season from April to July, and in the autumn season from September to November.
Specimens belonging to the Hemipterans, Dipterans, and Lepidopterans were collected
using the beating method and handpicking, while Hymenopterans were collected with all
methods. Collembolans and Isopods were sampled with the Tullgren method and by hand,
as they are part of soil fauna. Oligochaetes were collected by adding water to selected soil
patches (surface approximately 1 m2) on which a current (10–100 Ah), with an adjustable
frequency (20–120 Hz), was applied using a portable power generator to make them come
to the surface. When on the surface, Oligochaetes were picked by hand and placed in tubes.
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In the field, all collected samples were placed in absolute ethanol, except for Oligochaetes,
which were, to preserve their morphological characters, firstly placed in 30% ethanol, then
in 70%, to be finally stored in 100% ethanol. All the collected samples were sorted in the
laboratory, divided into taxonomic groups, and processed further accordingly. They were
stored at −20 ◦C prior to the application of molecular techniques.

2.2. DNA Extraction and PCR Reaction

DNA was extracted, depending on the invertebrate group and body size, from the
entire body, abdomen, or leg in the case of arthropods, and a patch of epithelial tissue in
case of earthworms. DNA was extracted using Chelex polymer (Sigma Aldrich, Merck,
Darmstadt, Germany) following the protocol taken from Casquet et al. [39]. Another
method of DNA extraction involved using the GenElute Mammalian Genomic DNA kit
(Sigma Aldrich, Merck, Darmstadt, Germany) according to the manufacturer’s instructions.
Specimens’ vouchers were stored at −20 ◦C at the research group laboratory.

The PCR analysis was performed using DreamTaq 2× (ThermoFisher Scientific,
Waltham, MA, USA) or Emerald 2× (Takara, Kusatsu, Shiga, Japan) polymerase in a
total volume of 10 µL using standard DNA barcode primers LCO1490/HCO2198 [40] in
the final concentration of 0.2 µM. PCR analyses were optimized for all studied groups of in-
vertebrates using gradient PCR. Annealing temperatures were adapted for all investigated
groups: for Oligochaetes, Isopods, Dipterans, and Lepidopterans at 51 ◦C, Hymenopter-
ans and Hemipterans at 47 ◦C, and Collembolans at 50 ◦C. Conditions for the DreamTaq
polymerase were as follows: initial denaturation at 95 ◦C for 3 min, denaturation at 95 ◦C
for 30 s and annealing temperatures as listed above for 30 s, extension at 72 ◦C for 60 s,
and final extension at 72 ◦C for 10 min. The number of cycles for denaturation, annealing,
and extension was 40. For Emerald polymerase, denaturation was at 94 ◦C for 30 s and
extension at 72 ◦C for 60 s, annealing again depending on the group as listed above for 30 s,
and the number of cycles was 40.

To screen for successful amplification and to measure the concentration of multiplied
amplicons, we used gel electrophoresis with 1% agarose gel. To enable the sequencing
of amplicons, we removed the remaining primers and dNTPs through the enzymatic
purification of PCR products. The enzymes used in the reaction were exonuclease 1 (Exo1)
and alkaline phosphatase (AP) (New England Biolabs, Ipswich, MA, USA) and for 10 µL
reaction volume, 0.0025 µL of Exo1 and 0.005 µL of AP were added. Cycling conditions for
the enzymatic PCR reaction were the following: 37 ◦C for 60 min, 80 ◦C for 20 min, and
4 ◦C for 10 min.

2.3. Morphological Analysis

Due to prior knowledge about the insufficiency of BOLD and NCBI GenBank data
on Oligochaetes from Croatia and the need for further metabarcoding of this group, an
especially careful morphological examination of the Oligochaete specimens was carried
out, which revealed that they belong to the genus Octodrilus Omodeo, 1956. This genus
has a main distribution center in the Balkan Peninsula and the identification of the species
has been attempted using regional checklists and identification keys (e.g., Mršić, 1991;
Szederjesi, 2017) [41,42]. Only sexually mature specimens were considered, because species
diagnoses are mainly based on the position of the clitellar structures and the arrangement of
internal reproductive structures. Unfortunately, a thorough examination of the taxonomic
literature and comparisons with reference collection material revealed confusion and
ambiguity in the nomenclature of the local Octodrilus taxa. Therefore, no species could be
positively identified, and the morphologically based species identification provided herein
remains provisional.

A key to the Collembola (Springtails) of Britain and Ireland [43] was used for Collem-
bola specimen identification at family or genus level. For Formicidae species determination,
two keys were used, Seifert (2018) [44] and Lebas et al. (2019) [45].
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2.4. Sequencing and DNA Barcode Data Analysis

The sequencing of purified DNA amplicons was performed by Macrogen Inc. (Amster-
dam, The Netherlands) using the LCO1490 amplification primer. Altogether, 56 sequences
were obtained for Hymenopterans, 36 for Oligochaetes, 17 for Collembolans, 47 for Hemipter-
ans, 60 for Dipterans, 16 for Lepidopterans, and 37 for Isopoda (Supplementary Table S2).
Sequences were edited using BIOEDIT v.7.2. (Gene Codes Corporation, Ann Arbor, MI,
USA) [46]. Chromatograms were manually checked for ambiguous nucleotides, stop
codons, and indels in BIOEDIT v.7.2. Sequences were passed through databases to identify
individuals at the species level, in BOLD using the BOLD Identification System (IDS) [5]
and in NCBI using the Basic Local Alignment Search Tool (BLAST) [47]. We assigned
Barcode Index Numbers (BINs) to our sequenced specimens in order to analyze diversity
among our samples using the BOLD database algorithm [6]. For all analyzed specimens,
specimen and collection data, as well as obtained sequences, were uploaded to BOLD
(http://boldsystems.org, accessed on 15 February 2022) [6]. Besides our data set, for phy-
logenetic and species delimitation analysis, we included publicly available sequences of
Collembolans (Supplementary File S1a,b) and Octodrilus (Oligochaeta) specimens reported
for Europe (sequences available for specimens collected in France, Italy, Slovenia, and
Croatia) (Supplementary File S2). Sequences of specimens from the same genus, including
sequences from BOLD, were grouped and aligned in MEGA X [48] using MUSCLE [49].
Subsequently, aligned sequences were collapsed to unique haplotypes (haploid genotype)
using FaBox (1.5) [50]. The DNA sequence alignments were checked for stop codons using
Mesquite ver. 3.5 [51]. The Maximum Likelihood (ML) analysis was conducted using
RAxML-HPC ver. 8.2.12 (https://www.phylo.org accessed on 14 February 2022) [52] on
the CIPRES Gateway [53] using a GTRGAMMA model. A rapid bootstrap analysis with
1000 replicates [52] was used to search for the ML tree. The DNA barcoding and sequence
alignment to current barcodes in DNA databases did not provide us with species-level
identification and species numbers for Collembolans and Oligochaetes. We approached
phylogenetic analyses with an awareness of the constraints of our data set, and our goal was
to estimate the number of MOTUs and the diversity for these two groups, rather than solve
phylogenetic relations. FigTree v1.4.4 (http://tree.bio.ed.ac.uk/software/figtree/ accessed
on 14 February 2022) [54] was used for the visualization of the ML tree. Several species
delimitation methods were applied to determine the number of MOTUs among studied
samples. Species delimitation in the cases of Octodrilus (Oligochaeta, Lumbricidae), Lepi-
docrytus (Collembola, Entomobryidae), and Orchesella (Collembola, Entomobryidae) speci-
mens was conducted using the Automatic Barcode Gap Discovery (ABGD) method [55],
Bayesian implementation of the Poisson Tree Processes (bPTP) method [56], and multi-rate
Poisson Tree Process (mPTP) method [57]. Aligned haplotype sequences served as input
data for the ABGD method, which was executed with relative gap width = one and the
Kimura 2 parameter (K2P) model. ML trees plotted in RAxML [52] using the above-listed
parameters were input data for the bPTP and mPTP methods. P-distances for Oligochaete’s
haplotypes were calculated in MEGA X and compared to average p-distances between
MOTU groups, identified using the mPTP method.

2.5. Rarefaction Curves

Rarefaction curves were analyzed for samples regularly collected across seasons using
beating method and plotted in order to predict the expected number of BINs as a function
of the sampling event’s number. Plotting was performed using Microsoft Excel. If the
curve reached the plateau, the number of sampled BINs was considered suitable for species
richness estimation [58].

2.6. Jaccard Similarity

The Jaccard similarity index was used for comparing the absence/presence of species
and morphospecies between study sites. The Jaccard indices were calculated and plotted
in PAST 4.03 [59].

http://boldsystems.org
https://www.phylo.org
http://tree.bio.ed.ac.uk/software/figtree/
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3. Results
3.1. DNA Barcoding Performance, Species Identification, and BIN Assignment

The alignment of obtained DNA sequences with those available in NCBI and BOLD,
for the seven analyzed invertebrate groups, resulted in species-level identification for
142 out of 269 specimens (Supplementary Table S2). For Hymenopterans, the result was
83.93% (47 out of 56), for Hemipterans, 70.21% (33 out of 47), for Dipterans, 58.33% (35
out of 60), for Lepidopterans, 100% (16 out of 16), and for Isopods, 29.73% (11 out of
37). Such identification was not possible for Oligochaete and Collembolan specimens.
Out of 269 obtained sequences, 244 sequences were arranged in 119 BINs, where 74 BINs
(62.18%) were previously recorded in BOLD, and 45 BINs (37.82%) were unique BINs that
were, until now, not reported in BOLD (Figure 2). Among the previously reported BINs,
twenty contained up to ten sequences, including sequences from this research, nine of
them pertaining to Hemipterans. This is a relatively low sequence number compared to
other BINs in this database. For example, in the case of the Lepidoptera species Prays
oleae (Praydidae), the formed BIN contained 173 reported sequences, and for Yponomeuta
evonymellus (Yponomeutidae), the BIN contained 395 reported sequences. A higher number
was detected for the Diptera species Psilopa obscuripes (Ephydridae) and Scaptomyza pallida
(Drosophilidae), where both BIN clusters contained 2043 sequences. The highest number
of BINs was observed for Hemipterans (35), Dipterans (27), and Hymenopterans (19). On
the other hand, the lowest number of unique BINs was observed in earthworms (six) and
Collembolans (five). Most of the recorded species were assigned at least one specific BIN.
The exceptions were Tetramorium semilaevae (Hymenoptera, Formicidae), Armadillidium
vulgare (Isopoda, Armadillidiidae), and Prays oleae (Lepidoptera, Praydidae), which were
assigned two or more BINs.
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Figure 2. Observed BINs, shown as a ratio between Non-Unique BINs (yellow pattern) and Unique
BINs (blue) within different groups: Diptera, Hemiptera, Lepidoptera, Hymenoptera, Isopoda,
Collembola, and Oligochaeta, represented as a number of specimens belonging to each BIN type (a)
or as a number of each BIN type (b).
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3.2. Rarefaction Curves

Rarefaction curves showed that for some groups the number of recorded BINs did not
reach the plateau and that further sampling efforts would provide us with a higher BIN
(Figure 3).
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3.3. Species Delimitation for Oligochaetes and Collembolans

Oligochaeta sequences obtained from our study were grouped in six unique BINs
and were all reported for the first time in BOLD. The obtained 36 sequences collapsed to
21 unique haplotypes, which were grouped in three MOTUs using species delimitation
methods (ABGD, bPTP, and mPTP). The first MOTU aggregated the majority of BINs
(four out of six) and haplotypes (17 out of 21). BINs clustered to the first MOTU were
the following: BOLD:AEH4576, BOLD:AEJ1183, BOLD:AEJ1182, and BOLD:AEH3543.
The remaining BINs were split into two MOTUs. The second MOTU was formed by the
BIN BOLD:AEH3542 (MOTU 2). The third MOTU was the BIN BOLD:AEI1132 (MOTU3).
The first two MOTUs were the most closely related to the species Octodrilus complanatus
(Dugès, 1828), whereas MOTU3 was more genetically distant. The phylogenetic ML tree
result is shown in Figure 4. The first and the second MOTU were present in the two
vineyards and the integrated olive orchard from the studied area. The third MOTU was
found in one of the studied vineyards. The calculated p-distance between MOTU groups 1
and 2 was 6.68% (0.0668 +/− SD 0.004283), between MOTU groups 1 and 3 was 11.59%
(0.1159 +/− SD 0.098806), and between groups 2 and 3 was 19.28% (0.1928 +/− SD 0.00133)
(Supplementary Table S3).

Morphologically, the single Octodrilus individual (MOTU3) belongs to a group of
small-sized, red-pigmented Octodrilus species, which includes O. croaticus (Rosa, 1895),
O. juvyi Zicsi & Cuendet, 2005, O. bretscheri (Zicsi, 1969), O. lissaensis (Michaelsen, 1891),
and O. argoviensis (Bretscher, 1899) [60], and possibly a few other nominal species (cf.
Mršić, 1991) [41]. Several members of this group have been recorded as present in the
Balkan peninsula [41,42]. Our finding locality is very close to the Croatian locality given
for O. croaticus by Mršić (1991), whereas O. bretscheri (like O. juvyi in France) seems to be
confined to mountain habitats. Therefore, we identified this specimen provisionally as
O. croaticus.
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on the branches represent the nonparametric bootstrap support (≥50). The tree is rooted on Octolasion
lacteum (BOLD:ACF5848) and Eisenia fetida (BOLD:AAB2558) as outgroups.

Other examined specimens had an abundant overlap in many aspects of morphology
and anatomy, without any separation in classical diagnostic characters. Accordingly, they
were assorted in the same morpho group. Their general morphology would suggest a
relationship with O. complanatus. This relation was also observed in the genetic analyses.

Collembolan specimens from our sites were divided into five MOTUs using the BIN
assignment method. Two of the recorded BINs (BOLD:AEH5984 and BOLD:AEE1997)
were morphologically identified as genus Orchesella Templeton, 1835 (Entomobryomorpha,
Entomobryidae). The BOLD:AEH5615 BIN was morphologically identified as belong-
ing to genus Lepidocyrtus Bourlet, 1839 (Entomobryomorpha, Entomobryidae), and BIN
BOLD:AEH9402 as genus Heteromurus Wankel, 1860 (Entomobryomorpha, Entomobryidae).
The remaining BIN (BOLD:AEJ0895) morphologically belongs to the family Sminthuridae
(Symphypleona).

Our Lepidocyrtus specimens were shown to be most closely related to the species Lepi-
docyrtus pallidus, according to the phylogenetic analysis (Figure 5a). In Europe, the genus
Lepidocyrtus has an increasing number of species, with the Lepidocyrtus pallidus species
group consisting of six species [61]. By using the mPTP species delimitation approach,
both BINs (BOLD:AEH5984 and BOLD:AEE1997) belonging to the genus Orchesella were
clustered into one MOTU. Orchesella cincta and the aforementioned MOTU are geneti-
cally and morphologically related (Figure 5b). The remaining BINS (BOLD:AEH9402 and
BOLD:AEJ0895) were not subjected to maximum likelihood analysis, since they were only
represented by one specimen.
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3.4. Similarity Measures

The Jaccard similarity index was compared between the five sites. The lowest values
were found between all of the sites in the case of Lepidopteran species, where there was
no overlap in species present between the sites. The result was probably affected by
the low species number. The highest index values were found in the case of Isopoda
morphospecies between integrated olive orchard and natural habitat, as well as in the
ecological olive orchard. Between the integrated olive orchard and the integrated vineyard,
as well as the ecological vineyard and natural habitat, high index values were recorded
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for the Hymenopteran species. High index values were also observed for the Collembolan
morphospecies in the case of the two vineyards and the integrated olive orchard. On the
other hand, low index values were observed between all sites for the Hemipteran as well
as Dipteran species. The results are shown on Figure 6. Oligochaeta were not included in
the analysis due to low species number (two).
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(c), Collembolan (d), and Isopods (e) species, and for all the groups combined (f). Study sites are
annotated with abbreviations as follows: OE, olive orchard with ecological pest management; OI,
olive orchard with integrated pest management; VE, vineyard with ecological pest management; VI,
vineyard with integrated pest management, C, natural habitat.
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4. Discussion

Our results revealed a lower coverage of sequences in databases for Collembolans and
Oligochaetes, and a better coverage for Lepidopterans, Hemipterans, Dipterans, and Hy-
menopterans. As expected, the highest number of species and morphospecies was observed
for Hemipterans and Dipterans, due to their high abundance in agricultural areas. As men-
tioned above, most species were grouped to one specific BIN, with the exception of three
species, Tetramorium semilaevae (Hymenoptera, Formicidae), Armadillidium vulgare (Isopoda,
Armadillidiidae), and Prays oleae (Lepidoptera, Praydidae), which were sorted into two or
more BINs. This can point to an intraspecific genetic divergence higher than 2.2% [6,62],
leading to the conclusion that COI marker is not ideal for the genetic distinction of these
species. The application of species delimitation methods used to estimate species number
for Collembolans and Oligochaetes, as well as the overall results obtained for these two
groups, suggest that there is an underestimated species richness in the Mediterranean area.

The analysis of the species composition for the recorded species/morphospecies
suggested that there was more similarity in the overall species composition for the soil-
dwelling organisms compared to the canopy fauna. The potential explanation can be
found in the strong effect of the surrounding agricultural landscape on the canopy fauna.
It is worth mentioning that Formicidae, making up the majority of our Hymenoptera
species, have similar compositions depending on the management type, indicating that
they are strong bio-indicators of land use effects, which is in accordance with the earlier
research [63].

As was expected, the majority of Hemipterans were identified at the species level,
seeing as this group was studied in numerous DNA barcoding efforts [64–67]. From this
group, the highest number of unidentified species belonged to the family Cicadellidae,
which is widely present at agricultural sites, and the species from this family are often
vectors of various plant diseases. Some members of the family are invasive species, such as
Scaphoideus titanus (Hemiptera, Cicadellidae), a species that causes agronomical damage
throughout Europe as a “Flavescence dorée” vector [68]. While this insect family is highly
diverse with more than 20,000 described species, only 2000 species are present with se-
quence records in the BOLD database. This makes the identification of Cicadellidae species
through DNA barcodes challenging.

The identification of Oligochaete specimens also presented a challenge due to the low
sequence coverage in the databases. This group is genetically understudied in Croatia, with
only 10 available sequences (out a total of 7532 available sequences representing 218 species)
according to the BOLD database. Moreover, high species diversity in Mediterranean and
the existence of many cryptic species also make species identification, morphologically as
well as genetically, more demanding [69,70]. We did not identify any of the 36 specimens at
species level through pre-existing sequences, but we confirmed that all specimens belong to
the genus Octodrilus. The Balkans are among the main centers of diversification of the genus
Octodrilus, and the phenomena of morphological convergence between unrelated species is
frequent, possibly caused by ecological adaptations [41,71]. In addition, the morphological
diagnostic characters of many species of Octodrilus do not consider the variations between
populations (within a population there is more generally uniformity). Therefore, the defini-
tion of taxonomic boundaries (and synonymies) is quite problematic, and discrimination
using morphological characters is highly complex. The DNA barcoding of specimens
appears to be useful for assessing the biodiversity of this genus in the Balkans, including
the Mediterranean part. Species delimitation methods revealed that specimens from our
sample could be divided into three MOTUs. Considering the results of Huang et al. [72],
where interspecific distance was in some cases greater than 15% and intraspecific difference
was up to 7.8%, in analyzing genetic distances for our dataset, earthworms were grouped
into two MOTUs. That was consistent with the morphological results that placed our
specimens into two morphospecies, Octodrilus croaticus and an unidentified species. The
unidentified species was most closely related to O. complanatus, which was also confirmed
by the examination of morphological characters. A sexually mature specimen identified as
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O. croaticus was genetically distant compared to other specimens from our sample and from
the database. The distribution of O. croaticus encompasses the Balkan Peninsula, including
the Mediterranean part of Croatia [24]. This complex group is not only underrepresented
in two main databases, BOLD and NCBI, but also contains a high number of endemic
species. Importantly, for better understanding their taxonomy, more systematic sampling
and barcoding efforts are necessary.

The number of described Collembolan species is only a part of the total number, as
earlier research shows, due to the lack of data for many geographical regions, including
parts of southern Europe [73]. Due to the abovementioned, and the fact that described
species are not present with a sequence in databases, difficulties with identification at
species level were expected. Our results showed that Collembolans are underrepresented
in the databases. Specimens included in our research were most likely endemic species,
and their species identification could not be carried out with global sequence data. Similar
results have been reported in Shaw and Benefer [74], where they have found that 25 out
of 48 species do not correspond to a known BIN. The comparison of morphological with
genetic data and the species delimitation placement of our specimens grouped them into
four MOTUs. The highest number of specimens belonged to the genus Lepidocyrtus which
among the Collembola genera comprises the highest number of species [75]. Because
of the prevalence of cryptic species and species groups that cannot be resolved using
solely morphological criteria, some authors report that the real number of Lepidocyrtus
species could be significantly higher than the species number currently recognizes [76–79],
which is probably also the case with the Lepidocyrtus specimens collected at our research
sites. Specimens of the genus Orchesella were grouped into two BINs that finally formed
one MOTU. A morphological difference between the two BINs was also evident in the
different pigmentation levels, but this intraspecific variability, which affects pigmentation,
is sometimes linked to their life cycle [80,81]. The Orchesella species from the Mediterranean
area have a high genetic divergence, which is probably the reason why our specimens differ
compared to the other Orchesella species [80].

The species delimitation conducted on our dataset showed discordance among the
methods used for species assignment, suggesting a different number of potential species, in
the case of both Oligochaetes and Collembolans. Likewise, even though species delimitation
and BIN assignment proved to be a valuable tool in various species identification [81,82], a
number of papers reported taxa incongruence among implemented methods [83].

Contrary to earthworms and springtails, all of the Lepidopteran specimens were
identified at the species level due to the high number of available sequences in DNA
barcode databases [84–86]. Our results indicated that the DNA barcoding method could
be used as a reliable tool for Lepidopteran species identification because there is a DNA
sequence available in BOLD for 73% of European Lepidopterans [8].

With regard to Formicidae (Hymenoptera), there are DNA barcode records for more
than half of the described species. Earlier studies also report good DNA sequence coverage
in databases [87], with many research projects providing numerous DNA barcode sequences
for the Mediterranean area [88]. However, the high divergence of ant species in the
Mediterranean area, from the mainland to the islands [89], complicates species identification.
Namely, species identification through DNA barcodes can be affected by high intraspecific
divergence, as in the case of Pheidole pallidula. Different species exhibit different levels
of intraspecific divergence, and it is important to keep this in mind while analyzing ant
species composition through DNA barcode data.

In the case of Isopods, only 1300 species were presented with DNA barcodes. These
were mainly marine species. We observed that some species could be identified only to the
genus level or lower, mostly because there are not enough DNA barcode data on this group.

There are not many papers focusing on the DNA barcoding of the whole Diptera fauna
for a specific geographical region [90]; however, most studies have been focused on specific
families or genera from this insect order. As noticed in Morinière et al. [91], many of so
called “dark taxa” of Dipteran, or species without records in databases, are small in size.
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Families with the smallest body size often have a higher number of overlooked species,
either taxonomically or genetically. We observed a similar pattern, where small-sized
specimens could not be identified at the species level. In numerous studies, such specimens
have been overlooked and, thus, their identification through DNA barcoding is made more
difficult. Authors in Morinière et al. [91] have concluded that sequences which were not
joined with species names, but classified only as OTUs, are equally important, as they can
be used to compare the diversity of samples collected at different sites. It is also important
to add that such DNA sequences are indicators of what we have missed in our barcoding
efforts, and that many species are still waiting not just to be barcoded, but also discovered.

Through our experiment, we identified, using DNA barcode tools, an invasive species
Drosophila suzukii (Diptera, Drosophilidae) in the olive orchard in Škabrnja. This species has
already been recorded for the Zadar County in different plantations [92], but not in olive
orchards. However, our sampling site was surrounded by cherry orchards, suggesting that
Drosophila suzukii spread in the area even between different cultivars. This species, native
of eastern and south-eastern Asia, represents an economical problem in Europe, given that
it is easily distributed. This only reinforces the fact that a rapid biodiversity assessment
using DNA barcoding can be valuable in detecting non-native invasive species, and among
native species, especially rare and locally distributed ones. It is necessary to gain more
biodiversity information on natural and also agricultural habitats to be able to solely rely
on the DNA barcode ID tool.

The efficiency of DNA barcoding in Mediterranean agricultural areas of Croatia differs
between groups of organisms depending on several factors: firstly, on the availability of the
data for the different groups of organisms in the two largest databases (NCBI and BOLD),
and secondly, on the level of taxonomy relationship resolution and the association of molec-
ular data with the morphospecies concept for the particular group [93]. Some groups, such
as Collembola and Oligochaeta, were more difficult to identify through previous data, as
their fauna seemed to be more endemic to the area. On the other hand, the identified species
of Dipterans, Hemipterans, and Lepidopterans showed geographically wide distribution
and presence in agricultural habitats. Consequently, their identification was facilitated
through a great amount of data available in the databases. Ant fauna in the studied area
showed a similar species composition with other Mediterranean areas previously barcoded
and available in the BOLD database [88,89], which facilitated their identification using the
DNA barcoding method. This method proved suitable for biodiversity analysis in this part
of the Mediterranean. However, it is important to keep in mind that, especially for some
groups, such as Collembolans and Oligochaetes, DNA barcode sequencing is not sufficient
for species identification, and it should be supplemented with classical morphological
analysis. Nevertheless, this does not reduce the value of DNA barcode data, as databases
are continuously appended with different species’ sequences. It is, thus, expected that, at
some point, DNA barcodes will be able to make species-level determinations for the vast
majority of groups.
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//www.mdpi.com/article/10.3390/d14030182/s1, Table S1. For each sampling site, a list of geo-
graphical coordinates, altitude, and surface area is provided. Table S2. List of specimens included in
the research. Table S3. Calculated p-distances between Octodrilus MOTU groups. Minimum and maxi-
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Supplementary File S1b. Supplementary File S2.
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71. Mršić, N. Allolobophora oculata (Hoffmeister 1845) new Earthworms species (Lumbricidae) in the Fauna of Yugoslavia. Biolški
Vestn. 1987, 35, 67–77.

72. Huang, J.; Xu, Q.; Sun, Z.J.; Tang, G.L.; Su, Z.Y. Identifying earthworms through DNA barcodes. Pedobiologia 2007, 51, 301–309.
[CrossRef]

73. Rusek, J. Biodiversity of Collembola and their functional role in the ecosystem. Biodivers. Conserv. 1998, 7, 1207–1219. [CrossRef]
74. Shaw, P.; Benefer, C.M. Development of a barcoding database for the UK Collembola: Early results. Soil Org. 2015, 87, 197–202.
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