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bstract: Biodiversity assessment is crucial for evaluating the ecological status of freshwater 
ecosystems. Macroinvertebrates are one of the ecological indicators used for water quality 
assessment.  In many cases, morphological identification of macroinvertebrates poses problems 
when different life stages need to be identified to the species level. A molecular approach is 
needed for assigning individuals to a species. In this order, 12 samples of two taxonomic groups, 

order Diptera (Family Chironomidae) and order Coleoptera collected in the Danube Delta were analyzed 
using a short sequence of mtDNA COI barcode. Ten samples were successfully identified to species 
level based on 97-100% similarity with DNA sequences from GenBank and BOLD databases. One 
sample could not be assigned to any species and for one sample no DNA correspondent was found in 
both databases. Overall, this preliminary study underlines the importance of DNA barcoding for 
identification of macroinvertebrates species and brings new light on the biodiversity assessment of 
Danube Delta aquatic macroinvertebrates.  
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INTRODUCTION 
 
Aquatic organisms are important for understanding environmental processes and evolutionary 
dynamics and for human health, through supporting and regulating functions provided. Although the 
freshwater ecosystem covers only 2.3 % of the Earth's surface, it accommodates approximately 6% of 
the Earth’s described animal species (Reid et al., 2019).  
 
EU water directive (*****, 2000) together with Groundwater Directive (*****, 2006) and the Habitats 
Directive (*****, 1992) creates a legal framework for water quality monitoring in the European Union. 
However, there are significant differences in the way biodiversity data is used to assess the ecological 
status of aquatic ecosystems (Birk et al., 2012). For example, different indices or taxonomic groups and 
different levels of taxonomic identification are used.  
 
Bioassessment of freshwater ecosystem requires the identification of aquatic organisms at taxonomic 
level. In most cases morphological identification is a difficult process (Haase et al., 2010). One of the 
major obstacles to conduct extensive biodiversity surveys is the taxonomic identification of the target 
organism, especially for aquatic macroinvertebrates, where defining of morphological features are 
possible only by intensive methods (like slide preparation and microscopy) (Laforest et al., 2013). In 
many cases these features allow the assignment to higher systematic levels, i.e., to genus, family or 
order. 
 
DNA barcoding using universal primers that cover a large taxonomic range has become a useful tool 
for biomonitoring of freshwater environments, allowing the assessment to the species level. Recent 
studies demonstrated that using a short sequence of the mitochondrial cytochrome oxidase subunit I 
(COI) allowed the identification to the species level of whole and even parts of specimens at any life 
stage (Behrens-Chapuis et al., 2021).   
 

A 

http://doi.org/10.7427/DDI.27.09
mailto:daniela.holostenco@ddni.ro
mailto:daniela.holostenco@ddni.ro


Scientific Annals of the Danube Delta Institute, vol. 27, 2022 
© Danube Delta National Institute for Research and Development, Tulcea Romania 

36 | P a g e  

 

Species identification is a key tool need for biomonitoring of aquatic ecosystems. Molecular 
identification needs appropriate reference databases such as GenBank or BOLD. As they combined 
the results of a huge number of studies, these public databases provide a valuable resource that would 
be otherwise inaccessible (Ficetola et al., 2021). As a specific degree of variability exist in each 
population that adds to inter-population variability, the need of local databases is crucial, especially in 
environmental DNA (eDNA) studies implemented “de novo”, in a specific study area. 
 
The Danube Delta is the second largest delta in Europe after that of the Volga River. Being a large 
wetland with a wide variety of aquatic habitats, it accommodates a large number of aquatic 
macroinvertebrate species. The term aquatic invertebrates designate the aquatic invertebrates living in 
association with benthos or aquatic vegetation and retained on a 500-μm mesh sieve. This category of 
organisms includes arthropods (aquatic insects, mites, scuds), mollusks (snails and mussels), annelids 
(leeches, oligochaetes) or flatworms. 
 
Due to their importance within both lentic and lotic communities as a basic link in the food web, but also 
because of their diversity and the fact that they are found in a wide variety of ecosystems, the study of 
aquatic macroinvertebrates remains an important part of ecological research. 
 
Therefore, the aim of this study was to use DNA barcoding to identify aquatic macroinvertebrates of the 
Danube Delta using a short sequence of the mitochondrial cytochrome oxidase subunit I (COI). Two 
taxonomic groups, order Diptera (Family Chironomidae) and order Coleoptera were chosen. The first 
group was selected because it is widespread in almost all aquatic ecosystems around the world, with 
many genera that require systematic revision. Besides, morphological-based identification to species 
level is difficult and, even impossible in many cases, at larval stages. In water quality monitoring 
programmes, larval stages are used to assess the ecological status of a water body. The second group, 
Coleoptera were chosen because it has been less studied in the Danube Delta.  
 
MATERIALS AND METHODS 
 
Sample collection 
 
Sampling campaigns were conducted in 2021 between March and August. Benthic species were 
collected with a Van Veen grab.  The sediment samples were washed and sieved using a 500 µm mesh 
sieve. The Chironomidae larvae were sorted and preserved in 70 % ethanol. Polypedillum nubeculosum 
adult specimen was reared in the laboratory from 3rd stage larva collected from Trei Iezere Lake. 
Aquatic beetles (Order Coleoptera) were collected with a rectangular frame hand net with 250 µm mesh. 
Chironomidae were morphologically identified using the keys of Langdon and Pinder (2007), Vallenduuk 
(2019) and Botnariuc (1999). For water beetles the keys of Nilsson (1997) were used. A number of 12 
samples were selected for further genetic analysis (Table 1). 
 
Species identification using DNA barcoding 
 
Genomic DNA was extracted using the NucleoSpin® Food kit (Macherey-Nagel GmbH & Co. KG, DE) 
following manufacturer’s protocols. The fragments of the partial COI gene were amplified using the 
forward primer BJ-ArtF1c (5’- AGATATTGGAACWTTATATTTTATTTTTGG-3’) and reverse primer 
ZBJ-ArtR2c (5’-WACTAATCAATTWCCAAATCCTCC-3’) (Zeale et al., 2011). The assay was adapted 
from the method described by Zeale et al, 2011 by using GoTaq® Flexi DNA Polymerase (Promega, 
USA). The PCR products were visualized on a 1% agarose gel and purified using Wizard SV Gel and 
PCR Clean-up system kit (Promega Corporation, Wi, USA), according to the manufacturer’s 
instructions. The purified PCR products were sequenced for each strand at Macrogen Inc., NL.  The 
obtained nucleotide sequences were manually edited using DNA Sequence Assembler (Heracle 
BioSoft 2013).  
 
The sequences results in FASTA format were then analysed using BLAST (Basic Local Alignment 
Search Tool) from NCBI (National Center for Biotechnology Information) and also BOLD (Barcode of 
Life Data Systems). Each sample was assigned by similarity search first in GenBank and then in BOLD 
databases.  
 
Sequences that showed a match of 97% - 100% similarity were assigned to species-level identification. 
The molecular assignments were compared with morphological identification.  
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RESULTS AND DISCUSSION 
 
Aquatic macroinvertebrates including the order Diptera are key biological elements used as bio-
indicators for the assessment of the ecological status of waterbodies.  
 
Analysis of the existing sequences in the BOLD and GenBank databases showed that three groups of 
insects belonging to the orders Odonata, Trichoptera and Hemiptera have the best coverage in terms 
of the number of species, for which DNA sequences exist in the analysed databases (Weigand et al., 
2019). The group with the lowest coverage is represented by the flat worm (<5%), followed by annelids, 
molluscs and certain orders such as Diptera and Ephemeroptera for which less than 60% of the species 
are represented by at least one sequence (Weigand et al., 2019).  
 
In this preliminary study we chose to use primers from literature that target a short multi-copy mtDNA 
marker in order to identify Danube Delta aquatic macroinvertebrates species. The short DNA fragments 
were used in large application concerning biodiversity studies. They proved to be a reliable tool for 
identifying unknown species and are optimal for metabarcoding studies (Meusnier et al., 2008; 
Govender et al., 2019). 
 
A total of 12 samples of two taxonomic groups successfully amplified a short fragment of the COI gene 
(157 bp). The average length of the COI gene was 157 bp, with lengths ranging from 88 to 159 bp.  
Ten samples were successfully identified to species level based on high similarities of 97–100% with 
the available sequences on both databases. Three of them (21/08/15, 21/08/16, 21/08/17), recording 
100% similarity were attributed to one species, based on BOLD database and to two species of the 
same genus when compared with sequences on GenBank database. No DNA sequence correspondent 
was identified in databases for the sample (21/8/05). Sample (21/8/02) could not be attributed to any 
reference database entry due to the low similarities (90%) with GenBank sequences belonging to three 
different species (Table 1).  
 
In this study, Polypedillum nubeculosum sample (21/08/01) was identified by both morphological and 
molecular methods. Within the group of chironomids, there are widespread species with both easy to 
recognise morphological characters (i.e. Polypedillum nubeculosum) and difficult or cryptic 
morphological differentiation, especially at the larval stage (i.e .Chironomus plumosus gr.). 
 
Over time, several species have been added to this group, which later turned out to be only colour 
variations due to local environmental factors. The larvae were divided into several groups, most of them 
without systematic significance but with practical utility. Currently, Chironomus plumosus gr. represents 
a real systematic unit, with nine species belonging to this group. Three of them, with ventral tubules as 
a morphological feature, are common species in Europe: Chironomus plumosus, C. balatonicus, and 
C. muratensis. In the identification key of Geiger et al. (1978) they are grouped under the name C. 
plumosus. Web & School (1985) separates C. muratensis, mainly based on the length of the ventral 
tubules. Subsequently, it has been shown that the length of the tubules varies depending on the salt 
concentration in the water (Pillot, 2014). The most recently published identification key (Vallenduuk, 
2019) uses the size of certain parts of the larvae (length of the submentum, number of hooks on the 
ventral plates, etc.). These morphological features are either difficult to observe or have overlapping 
size ranges. In some cases, they are extremely sensitive to deformations which may occur frequently 
during the procedure of mounting the specimen on the slide, when preparing for microscopic analysis. 
 
The three samples belonging to Procladius genus were assigned to Procladius cuciliformis species 
based on 100% similarity with sequences on both GenBank and BOLD databases. However, in 
GenBank the 100% similarity with other species of Procladius genus – P. pectinatus was found. Among 
the GenBank sequences, the nucleotide similarity was observed towards the P. cuciliformis isolate 
2021.06.18 from Switzerland (GenBank accession number OK 354408.1). P. cuciliformis was recorded 
in Romania while P. pectinatus has no records (PESI, 2022). In Europe, P. pectinatus was reported in 
Germany, Norway, Finland, Sweden and Denmark (PESI, 2022).  
 
In the Danube Delta two species of genus Procladius were reported (P. choreus and P. ferrugineus) 
(Botnariuc, 1999). The identification keys do not allow the separation of the two species based on 
morphological characteristics (Vallenduuk and Pillot, 2007).  
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In the case of the two samples which morphologically were assigned as Propsilocerus lacustris, valid 
sequences were obtained. For one sample (21/08/05) there was no DNA sequence to compare with on 
both the GenBank and BOLD databases. The second DNA sequence (21/08/08) was identified as 
belonging to the species Propsilocerus paradoxus based on 97% similarity with reference sequences 
from GenBank and on 100% with reference sequences from BOLD. Propsilocerus paradoxus has not 
been reported in Romania. In the Palearctic and Oriental regions, a number of 9 species are described 
so far for Propsilocerus genus. In databases there are sequences uploaded only for 4 of these species.  
 
For Propsilocerus lacustris no DNA sequence was assigned in databases. Propsilocerus lacustris, is 
one of the most widespread aquatic macroinvertebrate species found in lakes of the Danube Delta, in 
the the '50s and 60s literature, being identified under other scientific names (Orthocladiinae gen? 
Orielica or Propsilocerus orielicus). Literature mentions the existence of a single generation per year 
for this species (Pillot, 2014). However, field observations revealed the presence of at least two 
generations per year. Morphological identification of species within the genus Propsilocerus is difficult 
due to the small differences and the intraspecific variability of the specific characters, leading thus to 
misidentifications. However, further studies are needed to confirm the presence of P. paradoxus in the 
Danube Delta. This specie is cited only from Finland, Ukraine and Russia (European part) (PESI, 2022). 
 
Based on morphological characteristics, the sample 21/08/19 was taxonomically assigned to 
Ablabesmyia genus (Table 1). When compare with reference sequences in BOLD database, a 100% 
similarity with DNA sequences of Ablabesmya longistyla was observed. However, when compare with 
GenBank database, only 93% similarity was observed with the same species. In Romania, this genus 
is represented by 3 species, Ablabesmyia longistila, A. monilis, and A. phatta (PESI, 2022). The latter 
two species cannot be separated only by morphological characters but adult specimes can 
bedifferentiated using the keys of (Langdon and Pinder, 2007). 
 
For the coleoptera genus, five samples were analysed in this study. The two samples (21/08/21 and 
21/08/24) identified at the genus level based on morphology, were assigned with 100% nucleotide 
similarity to Berosus frontifoveatus and Hydroporus planus respectively.  
 
The two samples (21/08/03, 21/08/04) morphologically identified as Laccophilus ponticus were 
assigned to reference database entries of the same species in both databases (100% nucleotides 
https://doi.org/10.1890/0012-9658(2002)083 [0703:USITET] 2.0.CO;2similarity).  
 
For the sample 21/08/02, morphologically identified as Limnoxenus niger, the bioinformatics analysis 
shows 90% similarity with 3 taxonomic units (Coelosia gracilis, Ochthebius minimus, Stegana 
nigrolimbata). One of these belongs to the order Coleoptera (Ochtebius minimus) and the other two 
belong to the order Diptera.  Considering the genetic and evolutive distinctiveness of these orders we 
consider that in this case the results of molecular analysis failed to correctly identify taxonomic units. 
 
Nowadays, there is a global interest in characterizing different species in order to develop databases 
that can be used for biomonitoring studies. Our study underlined the importance of these public 
databases for aquatic macroinvertebrate species identification when morphological features cannot 
discriminate specimens to the species level.  
 
Given the high degree of biodiversity of the Danube Delta, DNA barcoding can contribute both to the 
designation of species for which morphological identification is difficult, and for identification of new 
species, which can contribute to the scientific community and will influence the management decisions.  
 
Therefore, biodiversity estimation, conservation and management require the collection of highly 
confidential data. This goal can be achieved through a continuous effort for the development of local 
databases, in order to accurately assign sequences to taxonomic groups. The local databases are 
important tool for species identification in different studies, such as environmental DNA (eDNA) 
research.  
 
CONCLUSIONS 
 
Macroinvertebrates are one of the ecological indicators used for water quality assessment. To have an 
accurate evaluation of the ecological status of aquatic ecosystems correct identification of species is 
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important. Even this study was performed on low number of samples using a short mtDNA fragment, it 
underlines that molecular methods are a valuable tool for macroinvertebrates identification.  
 
Based on genetic data most of the samples could be assigned to reference databases entries and thus 
to species level. This approach is an important tool, especially when morphological keys do not allow 
species identification. Using molecular methods, regional and national faunal lists can be developed or 
amended with additional species providing useful information for both ecological and faunistic studies. 
Overall, this study brings new light on the biodiversity assessment of Danube Delta macroinvertebrates. 
Future molecular studies, using the 658 bp of the cytochtome C oxidase subunit 1 (COI) region, on a 
large scale will be undertaken. 
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Table 1. Data on tested samples and obtained results 
 

No. Sample 
ID 

Morphology-
based species 
identification 

Stage of 
development 

COI-based 
species 

identification 

Length 
(bp) 

%Similarity 

1 21/08/01 Polypedilum 
nubeculosum 

adult Polypedilum 
nubeculosum 

157 97b - 100a, b 

2 21/08/05 Propsilocerus 
lacustris 

larva NA 158 - 

3 21/08/08 Propsilocerus 
lacustris 

larva Propsilocerus 
pardouxus 

88 97a - 100b 

4 21/08/15 Procladius 
choreus 

larva Procladius 
pectinatus 
Procladius 
cuciliformis 

157 100a, b 
100a 

5 21/08/16 Procladius 
choreus 

larva Procladius 
pectinatus 
Procladius 
cuciliformis 

157 100a, b 

100a 

6 21/08/17 Procladius 
choreus 

larva Procladius 
pectinatus 
Procladius 
cuciliformis 

157 100a, b 

100a 

7 21/08/19 Ablabesmyia 
monilis/phatta 

larva Ablabesmyia 
longistyla 

159 93a - 100b 

8 21/08/21 Coleoptera gen. 
sp. 

adult Berosus 
frontifoveatus 

157 100a, b 

9 21/08/24 Coleoptera gen. 
sp. 

adult Hydroporus planus 157 100a, b 

10 21/08/02 Limnoxenus niger adult Ochthebius 
minimus 
Coelosia gracilis 
Stegana 
nigrolimbata 

141 90a 

11 21/08/03 Laccophilus 
ponticus 

adult Laccophilus 
ponticus 

157 100a 

12 21/08/04 Laccophilus 
ponticus 

adult Laccophilus 
ponticus 

157 100a 

*a=GenBank database 
*b=BOLD database 
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