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Abstract

Introduction: DNA metabarcoding is currently under intense scrutiny for its future imple-
mentation in biodiversity monitoring and ecological assessment, particularly within the 
EU Water Framework Directive (WFD). However, before metabarcoding can be deployed 
for WFD reporting, challenges such as the incompleteness of reference databases need 
to be addressed. In this context, this study presents the results of a national barcoding 
project (FRESHBAR) focusing on benthic freshwater diatoms of Sweden, a key organism 
group regarding both ecology and environmental assessment. One major goal of the 
project was the publication and vouchering of all data, material, and results. Methods: A 
total of 312 diatom cultures were established, with a focus on oligotrophic and acid hab-
itats. The cultures were sequenced for two barcodes (rbcL and 18SV4) and identified 
using light microscopy; selected strains were also studied by scanning electron micros-
copy. All data, including sampling metadata, barcode sequences, images, and voucher 
material, were published following the FAIR principles. Some cultures were archived in 
diatom culture collections. Results: Almost all strains were successfully sequenced and 
identified as 51 taxa across 17 genera, with the highest diversity in the genera Eunotia 
and Fragilaria. An attempt was also made to identify all taxa at the species level. Ap-
proximately half of the taxa were new to Diat.barcode, a curated diatom reference data-
base. Conclusion: FRESHBAR represents the first large-scale effort to generate barcode 
reference sequences for Nordic benthic freshwater diatoms. As all data are publicly 
available, the added sequences and morphological information will help identify all taxa 
properly to the species level, unravel taxon relationships within diatoms, and improve 
reference databases for environmental monitoring and research.

Key words: 18SV4, DNA library, environmental monitoring, metabarcoding, molecular 
sequence data, rbcL, Water Framework Directive, water quality

Introduction

Freshwater ecosystems constitute only a relatively small amount of the Earth’s 
surface, yet they harbor a disproportionate number of species. Globally, fresh-
waters are among the most threatened habitats, with biodiversity loss and 
ecosystem services impaired due to human-induced stressors associated 
with land use, chemical pollution, and warming (Strayer and Dudgeon 2010). 
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To gauge these anthropogenic impacts on biodiversity and ecological status, 
changes in the community composition of aquatic organisms are used in na-
tional assessments (Lindegarth et al. 2016). Benthic diatoms are key compo-
nents of aquatic ecosystems and are essential parts of European assessment 
programs (Birk et al. 2012), as their taxonomy and autecology are well docu-
mented. Moreover, they can be found in almost every aquatic habitat; sampling 
is simple and nondestructive; they are species-rich in comparison to other or-
ganism groups; they respond rapidly and predictably to changes in their envi-
ronment; and samples can be stored permanently for future use (Johnson et al. 
1993; Smol and Stoermer 2010; Masouras et al. 2021).

However, despite the relatively good knowledge of the taxonomy of this 
organism group, traditional identification requires extensive experience and 
training and is time-consuming. This challenge of identification is not only 
costly; it is also a hindrance to the direct comparison of diatom results from 
different projects and laboratories. For species lists identified by morpho-
logical characters via light microscopy, extensive harmonization is need-
ed (Kahlert et al. 2022; Jupke et al. 2023) because of varying identification 
sources, identification errors (Morales et al. 2001; Kahlert et al. 2009), and 
ongoing changes in diatom taxonomy (e.g., Mann and Vanormelingen 2013). 
The recent development of metabarcoding methods has opened the door for 
more cost-effective and automated identification, which would furthermore 
enable automated harmonization of datasets from different laboratories for 
large-scale studies (Pawlowski et al. 2018). Metabarcoding methods can also 
identify diatoms to a finer level than traditional morphological identification 
via light microscopy through the use of fine-level taxonomic units such as ge-
netic variants (amplicon sequence variants/exact sequence variants (ASVs/
ESVs)) for environmental assessment (Pérez-Burillo et al. 2021; Tapolczai et 
al. 2021). For diatoms, metabarcoding is already quite well developed and 
has been proposed as a future tool for biomonitoring as part of the EU Water 
Framework Directive (WFD) (European Parliament and Council of the European 
Union 2000; Pawlowski et al. 2018).

Diatom metabarcoding can rely on already established European standard 
methods for sampling biofilm from hard substrates (CEN 2014, 2025). These 
biofilm samples, if taken in suitable habitats as indicated by the standard, 
usually include sufficient living material such that the problems related to 
DNA degradation or contamination are generally limited (CEN 2025), which 
is an advantage over water samples often taken for environmental DNA 
(eDNA) analyses. The diatom metabarcoding community has agreed on two 
barcodes (rbcL and 18SV4) and has developed curated and publicly acces-
sible databases, including the Diat.barcode reference library (Zimmermann 
et al. 2014; Rimet et al. 2019; Gelis et al. 2025). These databases focus on 
European species to match the needs of environmental assessment for the 
European Water Framework Directive (Weigand et al. 2019). The rbcL marker 
has been highlighted as the most promising barcode for the metabarcoding 
of diatoms because it better separates diatom species and poses fewer prac-
tical problems than the 18SV4 marker (Mann et al. 2010), whereas the latter 
could potentially open the way to integrated assessment of organism groups 
to provide a more holistic overview, as it can be used for parallel metabarcod-
ing of organism groups other than only diatoms (Kelly et al. 2018). However, 
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the taxonomic resolution of 18SV4 for diatoms is generally lower, especially 
for closely related species.

However, a number of challenges remain before metabarcoding can become 
operational for environmental assessment, among them the standardization of 
laboratory protocols for DNA-based methods and the improvement of barcode 
libraries, especially for small organisms such as microalgae, including diatoms 
(Hering et al. 2018). Regarding diatoms, only approximately 15% of all European 
diatom species are represented in DNA reference databases (Weigand et al. 
2019). Abundant species are covered more frequently, but rare and geographi-
cally restricted species are missing from the databases (Weigand et al. 2019). 
This incomplete coverage remains one of the major bottlenecks for the imple-
mentation of metabarcoding in routine assessment. As the curated databases 
have been developed in Central Europe (Zimmermann et al. 2014; Rimet et al. 
2019), there is an urgent need to complete the curated diatom databases with 
taxa from other geographical regions. As an example, most species observed 
in Sweden are missing from these databases, especially those thriving in oli-
gotrophic and acidic habitats. This can lead to a misclassification of the eco-
logical status of these waters when metabarcoding data are used to calculate 
diatom indices for environmental assessment (Bailet et al. 2019).

Another challenge coupled with the use of DNA as a basis for taxon identi-
fication is the continuous reshaping of diatom taxonomy—especially for fresh-
water benthic taxa—over the past decade. The integration of genetic data with 
traditional morphology (detailed light microscopy (LM) and scanning electron 
microscopy (SEM)) has revealed widespread cryptic and pseudocryptic diver-
sity within morphospecies, prompting taxonomic revisions and the description 
of many new species (Abarca et al. 2014; Pinseel et al. 2019; Rimet et al. 2019; 
Zou et al. 2021). Such cryptic diversity has now been documented in many 
freshwater benthic genera, including, for example, Achnanthidium, Cocconeis, 
Fistulifera, Fragilaria, Gomphonella, Gomphonema, Nitzschia, and Pinnularia 
(Abarca et al. 2014; Jahn et al. 2019; Kahlert et al. 2019; Pinseel et al. 2019; 
Jahn et al. 2020; Kahlert et al. 2021b; Pérez-Burillo et al. 2021; Solak et al. 2021; 
Tapolczai et al. 2021). Diatoms are a taxon-rich organism group, and more re-
search is needed to disentangle the hidden species diversity within diatom 
species complexes. Here, unialgal cultures are useful for analyzing the vari-
ability of morphological characteristics and assessing their stability, a task that 
is difficult to achieve in environmental samples where several species co-oc-
cur (Mohamad et al. 2022; Schimani et al. 2023). Cultures also provide vouch-
er-linked barcode sequences that can be unambiguously assigned to specific 
taxa, which is essential for reference libraries.

To help populate diatom databases with new barcode sequences from 
Nordic freshwater species and to enable the inclusion of Nordic taxa in the on-
going taxonomic diatom revisions, the national barcoding project FRESHBAR 
was conducted during 2019–2023. The aim of the project was to establish as 
many diatom cultures as possible, generate their barcodes, identify them to 
the lowest taxonomic level possible, and make all results, data, and material 
publicly available for further research and use within environmental monitoring. 
FRESHBAR represents the first large-scale effort to generate barcode reference 
sequences for Nordic freshwater benthic diatoms. The project and its results 
are presented here.
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Methods

Isolation and culture of diatoms

Most diatoms were isolated from fresh samples taken in coordination with the 
Swedish national monitoring program in 2019 and 2020. The study focused on 
oligotrophic and acidic streams but also used fresh samples from other aquatic 
habitats with differing ecology. A few isolates were generated from enrichment 
cultures taken in an earlier project and grown on agar plates (Gonçalves et al. 
2018). In addition, a few clones had already been isolated in a pilot project in 
2014–2016. The full list of sampling sites, including key environmental variables, 
is shown in Table 1. For each sampling site, more information can be retrieved 
from the national database of environmental monitoring data (Miljödata-MVM 
2025). In total, 273 monoclonal cultures (Suppl. material 3: table S1) were estab-
lished from single cells using the micropipette method (Kelly et al. 2018). Cultures 
were grown in WC (Guillard and Lorenzen 1972), PM (Stosch and Fecher 1979), 
or L16 (Lindström 1991) medium at room temperature. Photographs were taken 
from each living culture if possible. The cultures were subsequently harvested and 
sequenced and, in parallel, identified using morphological characters using LM in 
a first step. The clones were harvested when the biomass was sufficient for all fur-
ther project-relevant analysis steps. The cultures were grown in triplicate, of which 
one culture was harvested for DNA analysis, one for morphological analysis, and 
one was allowed to grow further as a reserve. Some of the reserve cultures from 
2019 were divided into several cultures if they grew well and were harvested more 
than once to ensure sufficient material for all analyses. The cultures from 2020 
were harvested only once. In total, 312 harvested strains were sequenced, of 
which 39 were copies of some of the 273 unique clonal cultures. Isolation and cul-
tivation were conducted according to the methods described in Mora et al. (2019).

DNA extraction, amplification, and sequencing

Cultured material was first centrifuged at 2000 rpm, and the culture medium was 
discarded by careful pipetting. DNA was isolated from the remaining pellet using 
the NucleoSpin® Plant II Mini Kit (Macherey–Nagel, Düren, Germany) following 
the manufacturer’s instructions. DNA fragment size and concentrations were 
evaluated via gel electrophoresis (1.5% agarose gel) and NanoDrop® (PeqLab 
Biotechnology LLC; Erlangen, Germany), respectively. Amplification was conduct-
ed by polymerase chain reaction (PCR) following Zimmermann et al. (2011) for 
the marker 18SV4 and Abarca et al. (2014) for the rbcL marker. PCR products were 
then visualized in a 1.5% agarose gel and cleaned with MSB Spin PCRapace® 
(Invitek Molecular GmbH, Berlin, Germany) following the manufacturer’s in-
structions. Concentrations of PCR products were measured using NanoDrop® 
(PeqLab Biotechnology) and normalized to > 100 ng μL–1 for sequencing. Sanger 
sequencing was conducted bidirectionally by Starseq® (GENterprise LLC; Mainz, 
Germany), with the same primers used for the amplifications. DNA extraction, 
amplification, and the pre-sequencing steps were carried out in the laboratory of 
the Botanic Garden and Botanical Museum Berlin (BGBM), Freie Universität Berlin, 
Germany. All DNA extractions, PCRs, and pre-sequencing steps were performed 
under sterile conditions and included negative controls to monitor potential con-
tamination. DNA extraction, PCR amplification, and sequencing were performed 
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Table 1. Sample sites with information on the location, georeference, altitude, catchment, and water chemistry.
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Bastuån 1880 63.0938 13.8953 474 stream 42 28 70 2 0 0 0 6.4 0.079 4 147 1

Bjurbäcken Bjurbäck 197 64.6773 20.3898 152 stream 41 76 18 4 1 0 0 5.7 0.365 19 614 4

Björnbackån 5056 60.7626 16.4215 183 stream 35 84 11 4 0 0 0 5.7 0.367 8 420 3

Brännkälsbäcken 48094 64.3228 21.2577 2 stream 24 84 6 0 1 8 0 4.5 0.508 24 640 10

Börrumsbäcken 928 58.3475 16.6266 2 stream 29 80 1 0 2 18 0 7.0 0.373 93 1351 17

Enån ned sågen 1900 59.8865 13.4886 96 stream 41 88 7 0 5 0 0 6.0 0.287 27 476 3

Fiskonbäcken v.vid mynn 208 64.9916 15.2264 555 stream 99 17 68 11 3 0 0 6.6 0.049 4 122 2

Flarkån 48097 64.2498 21.0107 20 stream 147 79 3 1 0 16 0 4.4 0.329 27 890 11

Fyrisån 1E+05 59.8149 17.6704 1 stream 1988 56 6 1 1 31 4 7.5 0.177 62 2358 48

Hornsjöbäcken 1879 62.8450 17.3716 193 stream 40 84 12 0 4 0 0 6.9 0.089 4 196 4

Hågaån 1E+05 59.8420 17.5675 16 stream 107 63 3 1 0 30 3 7.5 0.160 65 3037 44

Härån (Storån) 1877 61.7360 16.4579 215 stream 21 92 8 0 0 0 0 6.4 0.264 7 328 3

Höjdabäcken 182 64.0344 16.9232 442 stream 5 78 0 8 14 0 0 5.9 0.157 5 207 1

Hökvattsån Nr 1 213 63.8587 14.8808 367 stream 111 76 7 7 8 1 0 7.1 0.063 6 241 4

Kvarnån Mynning (nederst) 202 63.4333 16.5292 151 stream 49 92 2 4 1 0 0 7.4 0.074 6 267 7

Källsjöbäcken Finnbaracken 23833 61.6320 16.7018 282 stream 6 96 4 0 0 0 0 6.7 0.321 8 373 4

Källsjöån Källsjöklack 1890 61.6318 16.7499 216 stream 18 93 6 0 1 0 0 6.1 0.336 11 451 2

Kärmsjöbäcken Uppstr Lill-Kärmsjön 201 63.8676 16.8058 230 stream 25 60 34 3 3 0 0 6.6 0.138 6 268 3

Laxbäcken 1869 59.8536 15.4549 201 stream 9 94 4 2 0 0 0 4.8 0.445 10 597 3

Lekarån uppströms bron 222 63.0750 13.7378 608 stream 90 10 86 1 3 0 0 6.7 0.018 1 82 1

Lillån, KIS54 2163 64.8485 20.9818 2 stream 40 65 4 0 0 31 0 4.2 0.267 32 1600

Lillån, E4:an 2096 63.5972 19.7143 29 stream 14 89 0 11 0 0 0 4.8 0.441 14 522 3

Loån Östanå andra bron 1 215 59.5551 18.5707 7 stream 89 81 1 0 9 7 1 7.3 0.163 26 901 13

Mattjokkbäcken Uppstr väg 211 65.1739 18.2494 271 stream 125 46 17 29 7 0 0 6.5 0.131 10 438 2

Nygårdsbäcken 45898 60.2997 16.1848 172 stream 2 73 8 0 0 0 19 8.4 0.016 11 5350 143

Oradbäcken 5053 61.1679 13.4832 425 stream 19 48 3 49 0 0 0 6.0 0.323 12 284 3

Persbobäcken 45899 60.2693 16.2124 134 stream 49 66 12 0 8 5 10 7.2 0.045 8 1400 59

Rullshyttebäcken 21062 60.3025 16.1820 191 stream 5 62 9 0 6 0 23 7.4 0.103 17 1852 121

Rösjön 1 inl Väsman 1E+05 60.1998 15.1285 155 stream 2 86 0 0 12 0 2 7.7 0.091 88 1270 28

Silverbergasjön 1 4136 60.3541 15.5868 267 stream 3 87 1 0 12 0 0 5.3 0.238 7

Stormyrbäcken 194 62.2594 16.2680 414 stream 3 69 4 27 0 0 0 6.3 0.217 8 308 2

Storselsån Storsele 1892 63.7363 18.1478 304 stream 74 75 11 6 8 0 0 6.8 0.152 6 272 3

Storsjön 3383 63.2983 14.4601 293 lake 12050 45 31 9 12 3 1 7.3 0.039 4 260

Stortjärnsbäcken Svartberget 193 64.2513 19.7779 242 stream 0.3 100 0 0 0 0 0 5.1 0.508 24 453 3

Stridbäcken E4:an 2146 63.4836 19.2970 19 stream 13 93 4 3 0 0 0 6.6 0.217 7 247 3

Tomtsjön 27483 59.8036 18.8158 16 lake 2 65 0 0 23 12 0 7.6 0.073 21 743 12

Vapstälven Skalmodal-kapellet 221 65.4433 14.5208 415 stream 600 30 54 7 9 0 0 7.3 0.011 1 61 4

Viskansbäcken 5049 62.4530 16.4385 79 stream 31 75 15 0 8 1 0 7.3 0.065 7 304 5

Ådalsån Lyckemyran 1891 62.7446 17.1452 193 stream 50 80 5 15 1 0 0 6.7 0.379 9 354 3

Övre Klingens Utlopp 21111 60.4742 15.8466 138 stream 48 87 4 0 6 3 0 7.2 0.095 7

Örvallsbäcken Gravbacka 23830 61.6951 16.6633 114 stream 6 97 3 0 0 0 0 6.5 0.271 10 403 3

Övre Häggingan 23832 62.0116 13.3666 704 stream 21 9 81 11 0 0 0 6.0 0.089 3 117 2

Plogens utlopp 137 60.1561 15.3042 203 stream 1508 75 7 1 7.1 0.090 7

Prästvallsbäcken 4141 61.6329 16.7190 280 stream 13 85 5 0 8 2 0 6.9 0.336 8 402 4
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once per strain. Sequencing was conducted in 2020 and was successful for al-
most all clonal cultures for both the rbcL and 18SV4 markers. Failed or low-quality 
sequences, if any, were excluded from downstream analyses.

Identification

The aim of the identification work was to give all established clonal cultures at 
least a genus name at the end of the project and to identify those missing from ref-
erence databases to the species level, if possible. The clones were photographed, 
measured, and studied using LM and SEM. LM analysis was performed for all 
cultures, whereas SEM analysis was restricted to a selection of taxa. The following 
literature was used for identification, including both standard literature and new 
scientific taxonomic publications specific to certain genera or taxonomic groups: 
Achnanthidium (Hofmann et al. 2011; Bey and Ector 2013), Brachysira (Van de 
Vijver et al. 2021a), Eunotia (Lange-Bertalot et al. 2011), Fragilaria (Lange-Bertalot 
and Ulrich 2014; Cantonati et al. 2019; Kahlert et al. 2019; Kahlert et al. 2021a; Van 
de Vijver et al. 2021b; Van de Vijver et al. 2022b; Van de Vijver et al. 2022c; Van de 
Vijver et al. 2023b), Ulnaria (Hofmann et al. 2011; Lange-Bertalot and Ulrich 2014), 
Gomphonema (Reichardt 1999; Hofmann et al. 2011; Abarca et al. 2014; Rose 
and Cox 2014; Abarca et al. 2020; Kahlert et al. 2021a), Nitzschia (Hofmann et al. 
2011), Pinnularia (Lange-Bertalot and Metzeltin 1996; Krammer 2000; Blanco et 
al. 2012; Kollár et al. 2021; Kulikovskiy et al. 2023), Tabellaria (Heudre et al. 2021), 
Frustulia (Lange-Bertalot 2001; Urbankova and Vesela 2013; Kulichová and Fialová 
2016; Urbánková et al. 2016), Planothidium (Hofmann et al. 2011; Van de Vijver et 
al. 2023a), other taxa (Krammer and Lange-Bertalot 2004; Hofmann et al. 2011).

To prepare the diatom samples for photography, preparations were made 
using a new rapid method (Trobajo and Mann 2019) recommended for mate-
rial from cultures and for creating voucher material for deposition in natural 
history collections. The method was tested before use and proved to work very 
well. Taxa prioritized for SEM were those missing from reference databases or 
belonging to taxa with very few sequences. A total of 89 clones were prepared 
and photographed. The SEM work was carried out at BGBM with a high-reso-
lution SU810 FE-SEM, Hitachi. The LM work was carried out at the Department 
of Aquatic Sciences and Assessment, SLU, using a Nikon Eclipse 80i light mi-
croscope with a Plan Apo objective (numerical aperture 1.40, 1000× magnifica-
tion) with differential interference contrast (DIC).

In addition to the morphological analysis, the sequences were compared with 
reference datasets to assess their approximate phylogenetic placement and to 
evaluate the consistency between molecular clustering and morphological iden-
tifications. This analysis was intended as a supportive and exploratory step with-
in the identification process, rather than as a formal phylogenetic framework. The 
reference database Diat.barcode for rbcL (Rimet et al. 2019) and the reference 
database for 18S from the Botanic Garden and Botanical Museum Berlin (BGBM), 
Freie Universität Berlin, Germany (Zimmermann et al. 2014), were used. Due to its 
overall better performance in delimiting species compared to the 18SV4 marker, 
the rbcL marker was used mainly as support for the identification work. In short, a 
multiple alignment was carried out with the new sequences (entire length for rbcL 
≥ 990 bp), using the Muscle algorithm (Edgar 2010) as implemented in MEGA6 
(Tamura et al. 2013). This alignment was then added to the available multiple 
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alignment of the entire Diat.barcode library, which is maintained and updated 
continuously (Rimet et al. 2019; Gelis et al. 2025). The version with the short 
(263 bp) rbcL barcode (Rimet 2021) was used here to enable a rapid process, in-
serting the barcode region of the aligned sequences. A maximum likelihood phy-
logenetic analysis was then performed using RAxML v8.2.12 (Stamatakis 2014), 
applying the GTR Gamma model and 1,000 rapid bootstrap replicates.

Molecular clustering was then checked to determine whether it supported 
the proposed identifications by searching for discrepancies between clustered 
sequences within the project and with reference sequences. In cases of a mis-
match, the potential cause was analyzed by considering whether it might be a 
known taxonomic uncertainty or update based on relevant literature. Species 
names were not altered in the few mismatches found, as such work is better 
addressed in future taxonomic studies. The results are preliminary because 
diatom identification is a challenging expert task requiring dedicated phyloge-
netic work for individual genera.

During the identification work, it became clear that many sequences could 
not easily be matched with existing morphological species, which is why they 
have been named with the attribute “cf.” (confer). This means that the name 
is relatively certain, but some morphological characters did not match exactly 
with a species that has already been described. Another attribute used was 
“aff.” (affinis), which means that the name is highly uncertain, but the morphol-
ogy is similar to that of a certain taxon. The use of qualifiers such as “cf.” and 
“aff.” reflects a conservative and expert-based taxonomic approach, acknowl-
edging the current state of diatom taxonomy, where morphological and molec-
ular boundaries are still being actively refined.

Data/vouchering

The aim was to store all results, including sequences, vouchers, metadata, liv-
ing clones if possible, and the identification links to the respective pieces of 
information in public collections and databases to enable and facilitate future 
research. The guidance for the establishment of DNA reference libraries was 
followed according to Rimet et al. (2021), where previous diatom guidelines are 
included and updated (Zimmermann et al. 2014; Rimet et al. 2018).

Vouchers (raw material, microscopical slides, and SEM stubs) and data of phys-
ical objects are stored in the Herbarium Berolinense (B) and the collection manage-
ment system for diatoms, “Micro Algae SpecimenTool” (BGBM 2016+ (continu-
ously updated)), of the Herbarium Berolinense. All strains of the FRESHBAR project 
are stored under their strain number as a unique identifier, together with a subset 
of environmental data (e.g., georeference, collector, sampling date, locality name, 
and identifier, as given in Table 1) of the Swedish gathering. Each strain is linked to 
the accession number in B. This accession number is unique within the Herbarium 
Berolinense and is represented by a worldwide unique stable identifier, as agreed 
by CETAF (Groom et al. 2017). For example, for B B 40 0046697, see https://her-
barium.bgbm.org/object/B400046697). This ensures long-term traceability and 
interoperability among biodiversity data infrastructures. New species that will be 
published based on FRESHBAR strains will be registered in the PhycoBank regis-
tration system (https://phycobank.org) for registration; see Turland et al. (2025) 
and linked by the stable identifier to the collection management system (see also 

https://herbarium.bgbm.org/object/B400046697
https://herbarium.bgbm.org/object/B400046697
https://phycobank.org
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Suppl. material 3: table S1). Each natural history collection object derived from a 
living strain will be linked to images (LM and SEM), as far as these are available 
via a publicly available image server and have stable URIs. Each specimen record 
includes an identification history and links to publications citing that specimen, en-
suring transparency and reproducibility of taxonomic decisions. The DNA is stored 
freeze-dried in the DNA biobank of the Botanic Garden and Botanical Museum, 
Freie Universität Berlin, and the associated metadata and identifiers are published 
in the portal of the Global Genome Biodiversity Network (GGBN (Eds.) 2011+ (con-
tinuously updated)) following their data standard.

The sequences were submitted to an International Nucleotide Sequence 
Database Collaboration (INSDC) database (NCBI GenBank (www.ncbi.nlm.
nih.gov/Genbank)) along with strain identifiers and stable identifiers to vouch-
ers in B. Additionally, the rbcL sequences will be provided for inclusion in the 
reference database Diat.barcode. For integration into global biodiversity infra-
structures, the appropriate pathway for publishing the linked but distributed 
FRESHBAR data to the Global Biodiversity Information Facility (GBIF) will be 
selected based on the final data architecture.

Long-term storage of diatom cultures

Maintaining long-term diatom cultures is a labor-intensive effort that requires 
great expertise and resources. Therefore, culture collections were contacted 
and asked about the possibility of taking over the FRESHBAR cultures once all 
analyses were completed. The BCCM/DCG Culture Collection in Ghent, Belgium 
(the Belgian Coordinated Collections of Microorganisms (BCCM) consortium 
2025), agreed to host some of the cultures, and the UTEX Culture Collection of 
Algae, USA, agreed to take care of some of the surviving cultures at the end of 
the project. The priority in these collaborations was to secure long-term preser-
vation of as many strains as possible and to ensure their availability for future 
research. In the end, 36 clones for long-term culture/storage (cryopreservation) 
were sent to BCCM/DCG and 32 to UTEX. BCCM/DCG is sequencing deposited 
cultures for the markers ITS, LSU, rbcL, and SSU as part of its routine process 
of culture identification.

Results

Of the 312 harvested strains, 301 were successfully sequenced at BGBM for 
the rbcL marker and 299 for the 18SV4 marker. For 294 strains, both rbcL and 
18SV4 sequences could be generated, but in a few cases, only one of them 
could be generated (see Suppl. material 3: table S1 for details). The rbcL se-
quences were preliminarily classified into 17 genera, of which Achnanthidium 
contained the most sequences (70), followed by Fragilaria (60) (Suppl. material 
3: table S1; Table 2). The genera Fragilaria and Eunotia showed the highest in-
frageneric diversity based on rbcL clustering (Table 2; Suppl. materials 1, 2: figs 
S1, S2). The 301 rbcL sequences enlarged the number of reference sequences 
available in Diat.barcode v10 from Nordic countries (Denmark, Finland, Iceland, 
Norway, and Sweden) by 200%. In relation to the existing reference sequenc-
es per genus, the relative increase was highest for Tabellaria, followed by 
Brachysira and Eunotia (Table 2).
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The morphological identification work revealed 51 different taxa within the 17 
genera, most of them in the genera Eunotia and Fragilaria (Suppl. material 3: table 
S1; Table 2). Of the 51 taxa, 38 were identified to the species level; however, most 
of them had some grade of uncertainty (Suppl. material 3: table S1; Table 2). 
The molecular clustering, based on rbcL sequences, was generally consistent 
with the morphological identification at the genus level and, in most cases, also 
infrageneric (Suppl. materials 1, 2: figs S1, S2). Therefore, the genus-level identi-
fication was considered robust, as was the separation of the taxa within a genus. 
The decision to use identification labels indicating uncertainty in a taxonomic 
label was made to highlight the fact that this dataset needs more taxonomic 
work, which was not possible within the scope of the project. The challenges 
were multiple, with entire strain clusters not fitting perfectly with any described 
morphological species, other clusters where only some strains did not fit per-
fectly with respect to the morphological characters, or clusters where SEM data 
were lacking but would have been needed to resolve a species identification. The 
molecular clusters were, in some cases, quite well separated from other taxa but 
not always, and the relationship to the available reference sequences was not 
studied in detail using long sequences and the 18S results. Therefore, the anal-
ysis of how many new species the project added to Diat.barcode v10 (n = 24) is 
preliminary (Table 2). The number of new species names (18) was counted, plus 
the number of taxon clusters that did not receive a final or certain identification 
but clustered separately in relation to the available references in Diat.barcode 
v10, probably representing new species to the database as well (6).

Some highlights of the results are the relatively high proportion of Eunotia 
taxa and the Tabellaria and Brachysira sequences—those genera are poorly 
represented in diatom databases but occur frequently in Swedish freshwaters 
(Kahlert et al. 2018; Rimet et al. 2019). These genera are known to prefer oligotro-
phic and acidic conditions (Hofmann et al. 2011). For example, the conspicuous 
species Eunotia myrmica Lange-Bertalot has not previously been represented in 
any database (Fig. 1). In addition to the sequences, several morphological char-
acteristics of living cultures were also documented in images, which is compar-
atively rare in diatom barcoding projects. In many cases, colony formation and 
the shape of these colonies were documented. In a few cases, the formation of 
auxospores and cells of different lengths in the life cycle was also documented. 
The images of the electron microscopic details also provide valuable informa-
tion about the taxa in this study and how they differ from closely related taxa.

The physical material of all FRESHBAR clonal cultures has been deposited 
in the BGBM database and herbarium by the project partner Botanic Garden 
and Botanical Museum Berlin (BGBM), Freie Universität Berlin, Germany. BGBM 
is responsible for storing material and information for all established clones 
and for making them traceable and usable for further analysis (BGBM 2016+; 
search for FRESHBAR in the field “Collections”). All results are available with 
open access, including the sequences, which are publicly available from INSDC, 
and the rbcL sequences will be incorporated into the next version of Diat.bar-
code (Rimet et al. 2019). Images are deposited at SLU (Kahlert et al. 2025; 
Kahlert et al. 2026). The complete information about all clones, sequences, 
and other material, such as images, is also saved internally at the Department 
of Aquatic Sciences and Assessment, SLU, and can be ordered by sending a 
request to Maria Kahlert (maria.kahlert@slu.se).

mailto:maria.kahlert@slu.se
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Table 2. FRESHBAR results. Identifications for the 301 strains of benthic freshwater diatom species from Sweden with 
successfully generated rbcL sequences (one per strain) and contributions to the rbcL reference database Diat.barcode 
v10. The number of rbcL strains (= sequences) per taxon (genus and infrageneric) and the available number of sequenc-
es in Diat.barcode v10 for each genus are shown. Taxa new to Diat.barcode are highlighted. The taxon identifications 
represent preliminary identifications based on LM/SEM and rbcL sequences. Species designations marked with “cf.” 
or “aff.” indicate taxonomic uncertainty. *Four taxa included a few strains identified as “cf.” due to some morphological 
characters not fitting perfectly (nr. of “cf.” strains marked with *).
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Achnanthidium 70 A. minutissimum complex 70 0 186

Fragilaria 60 F. campyla (Hilse) Van de Vijver, Kusber & D.M.Williams 8 1 167

F. cf. acerosa Van de Vijver, C.E.Wetzel, Jarlman & Ector 1 1

F. cf. capucina Desmazières 2 1

F. cf. heatherae Kahlert & M. G. Kelly 1 0

F. radians/cf. radians* (Kützing) D.M.Williams & Round 11/1* 0

F. species unknown 1 5 1

F. species unknown 2 11 1

F. species unknown 3 10 1

F. tridentina/cf. tridentina* Cantonati & Lange–Bertalot 6/1* 1

F. sp. 4 NA

Ulnaria 9 U. cf. grunowii (Lange-Bertalot & S.Ulrich) Cantonati & Lange-Bertalot 2 1 47

U. cf. delicatissima (W.Smith) M.Aboal & P.C.Silva 4 1

U. cf. danica (Kützing) Compère & Bukhtiyarova 2 1

U. sp. 1 NA

Gomphonema 53 G. aff. drutlingense E.Reichardt 4 1 198

G. cf. “nordicum 1” 2 1

G. cf. “nordicum 2” 19 1

G. cf. angustatum (Kützing) Rabenhorst 8 1

G. cf. narodoense R. Jahn, N.Abarca, J. Zimmermann & Enke 3 0

G. cf. lagenula Kützing 3 0

G. montanum/cf. montanum* Schumann 10/1* 1

G. sp. 3 NA

Eunotia 51 E. bilunaris (Ehrenberg) Schaarschmidt 11 0 105

E. cf. seminulum Nörpel-Schempp & Lange-Bertalot 3 1

E. flexuosa/ pseudoflexuosa/ latitaenia – group 8 0

E. glacialispinosa Lange-Bertalot & Cantonati 3 1

E. myrmica Lange-Bertalot 2 1

E. implicata Nörpel, Lange-Bertalot & Alles 3 0

E. implicata or minor 6 1

E. incisa W.Smith ex W.Gregory 2 1

E. pectinalis (Kützing) Rabenhorst 1 0

E. sp. 12 NA

Tabellaria 17 T. flocculosa/cf. flocculosa* (Roth) Kützing 9/3* 0 10

T. procera Heudre & al. 5 1

Pinnularia 14 P. aff. bertrandii Krammer 7 1 392

P. biceps var. gibberula (Hustedt) Krammer 2 1

P. viridiformis MT2 Krammer 5 0

Nitzschia 12 N. cf. acidoclinata Lange-Bertalot 2 0 447

N. cf. gracilis Hantzsch 7 0

N. sp. 3 NA

Encyonema 4 E. vulgare Krammer 3 1 40

E. cf. silesiacum (Bleisch) D.G.Mann 1 0

Brachysira 2 B. cf. microcephala (Grunow) Compère 2 0 4

Craticula 2 C. buderi (Hustedt) Lange-Bertalot 2 0 16

Asterionella 1 A. formosa Hassall 1 0 8

Cyclotella 1 C. meneghiniana Kützing 1 0 63

Frustulia 1 F. crassinervia-saxonica complex 1 0 28
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Navicula 2 N. sp. 2 NA 232

Planothidium 1 P. lanceolatum (Brébisson ex Kützing) Lange-Bertalot 1 0 44

Staurosira 1 S. cf. venter (Ehrenberg) Cleve & J.D.Möller 1 0 33

The 36 clonal cultures sent to the BCCM/DCG collection in Belgium received the 
accession numbers DCG 1032, 1035–1045, 1093–1101, and 1211–1225 (Suppl. 
material 3: table S1; The Belgian Coordinated Collections of Microorganisms 
(BCCM) consortium 2025). Three cultures could not be recovered, while the re-
maining strains are now publicly available (Table 3). The agreement with BCCM/
DCG is that the cultures are handed over to the collection with open access to 
both cultured material and any results they produce. BCCM/DCG has worked 
on purifying the cultures from contaminants by cultivating clone cultures from 

Figure 1. Eunotia myrmica Lange-Bertalot isolated in the FRESHBAR project.
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healthy cells. BCCM/DCG has also analyzed four different barcodes (ITS, LSU, 
rbcL, SSU) for almost all cultures. Furthermore, BCCM/DCG has tested long-term 
storage of the cultures using cryopreservation. Most cultures are now cryopre-
served, except for three that are now grown in liquid medium and four that died 
after some time. Fifteen different FRESHBAR taxa are now deposited at BCCM/
DCG. The 32 clonal cultures sent to UTEX are not yet public. In the meantime, 
information can be obtained by contacting Maria Kahlert (maria.kahlert@slu.se).

Suppl. material 3: table S1 specifies the available results for the established 
clonal cultures. While it was not possible to obtain a complete set of results for 
every clonal culture, as much information as possible was collected and docu-
mented. For example, for the clonal culture SE037_1C11, identified as “Fragilaria 
unknown species nr. 3,” with voucher ID at BGBM B 40 0046536 (stable identifi-
er: https://herbarium.bgbm.org/object/B400046697), two LM slides, a vial with 
cleaned material for further morphological analyses, and an SEM stub are avail-
able at BGBM. An LM image from the slide ID DSCN8146 is deposited at SLU 
and accessible with the title 1C11 DSCN8146 under the permanent link https://
hdl.handle.net/20.500.12703/6968 in the folder Fragilaria unknown species 
nr. 3. In the same deposit, there are also three images of living cells from the 
clonal culture (titles: isolate 191007 FGRA Vapstälven plate 1C11, isolate 1C11, 
and 5 cm dish 1c11 FGRA), as well as a series of SEM images, all found under 
the clonal culture ID 1C11. The culture has also been deposited in the BCCM/
DCG Diatoms Collection under the accession number ID DCG 1211, and a pri-
vate sample has been sent to Matt Ashworth at UTEX. The genetic material is 
vouchered at BGBM under the ID DB42560, and the rbcL and 18SV4 sequences 
were submitted to GenBank (BioProject ID PRJNA1454281). Information about 
the sampling locality can be found in Table 1. More information about the site, 
including biological data (i.e., diatom taxon composition), can be requested 
from the Miljödata-MVM database host (Miljödata-MVM 2025).

Table 3. FRESHBAR results for benthic freshwater diatom species from Sweden. Clones 
and new reference sequences (ITS, LSU, rbcL, SSU) deposited at the BCCM/DCG col-
lection in Ghent, Belgium. Identified genera and taxon groups, as well as the number of 
included sequences and unique clones (some with replicates). * Unsuccessful attempt 
to either maintain a living culture or cryopreserve it.

Genus Number of strains Annotated name Deposition

Achnanthidium 10 A. minutissimum complex cryopreserveration

Fragilaria 1 F. species unknown 1 cryopreserveration

2 F. species unknown 3 cryopreserveration

Gomphonema 2 G. montanum culture (one dead*)

2 G. cf. ”nordicum 2” cryopreserveration

1 G. cf. narodoense cryopreserveration

2 G. cf. angustatum cryopreserveration

1 G. sp. cryopreserveration

Nitzschia 1 N. cf. gracilis cryopreserveration

1 N. sp. cryopreserveration

Pinnularia 1 P. aff. bertrandii culture

1 P. viridiformis MT2 culture

Staurosira 1 S. cf. venter cryopreserveration

Tabellaria 2 T. flocculosa cryopreserveration

Ulnaria 1 U. cf. delicatissima culture

Eunotia 2 E. flexuosa/pseudoflexuosa/latitaenia – group dead*

1 E. bilunaris dead*

mailto:maria.kahlert@slu.se
https://herbarium.bgbm.org/object/B400046697
https://hdl.handle.net/20.500.12703/6968
https://hdl.handle.net/20.500.12703/6968
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Discussion

Many new diatom barcodes were generated during the project for the markers 
rbcL and 18SV4; they are now publicly available at INSDC and will be incorporated 
into the reference database Diat.barcode, which is available at INRAE in France 
(contact: Frédéric Rimet), and the database at the Botanic Garden and Botanical 
Museum Berlin (BGBM), Freie Universität Berlin (contact: Jonas Zimmermann). 
These are two of Europe’s most important reference databases that have been 
developed to enable diatom metabarcoding for monitoring lakes and streams. 
Both databases are curated, which means that the sequences are quality assured, 
and the diatom species name has undergone a check by one or more taxonomic 
experts. Continuing the work to populate diatom databases with new barcodes is 
important to enable the ecological interpretation of data derived with molecular 
methods, e.g., for use in environmental monitoring, and also to contribute to the re-
cent work of revisiting diatom taxonomy in light of genetic data (Kollár et al. 2025).

However, species identification of the clonal cultures was challenging. This 
reflects the current state of diatom taxonomy, where species concepts are still 
being actively revised and where both morphological and molecular boundar-
ies are not yet fully resolved. As a result, reliable species identification often 
requires integrative approaches, including multiple molecular markers and de-
tailed morphological analyses (e.g., SEM), ideally carried out within dedicated 
taxonomic studies focusing on individual genera or species complexes. With the 
help of all project partners and the most recent literature, 38 taxa were identified 
as close to species level as possible. Nevertheless, some clonal cultures could 
only be identified to genus level or to a certain taxon complex, as their morphol-
ogy deviated considerably from that of any described species. Other clonal cul-
tures matched a described species complex reasonably closely, with only minor 
characters not fitting, and were in these cases assigned to a species complex 
with some epithet of uncertainty. More time and knowledge are needed to un-
derstand whether a clonal culture represents a species that is new to science 
or whether it correlates with a species that has been described with too little 
morphological variation. More detailed analyses of the genetic variation within 
species and genera are needed, including how molecular lineages relate to ultra-
structural morphology and how, in turn, morphological characters are connected 
to a taxon grouped together by molecular characters. There is an urgent need 
to combine research in molecular diatomology and traditional morphological 
taxonomy to unravel diatom biodiversity (Kollár et al. 2025). Diatom taxonomy 
is evolving at a rapid pace, but unfortunately, it is still common for new species 
to be described solely based on morphological characteristics (e.g., Heudre et 
al. 2021; Van de Vijver and Williams 2022). However, as such validly published 
species often are well documented and show significant morphological differ-
ences from other known species, there is likely high underlying biodiversity that 
requires molecular support for accurate delimitation, e.g., for Brachysira from 
Scandinavia (see Van de Vijver et al. 2022a). Linking molecular sequences to the 
morphology of organisms will be an ongoing scientific task. The data storage 
strategy bridges the gap between this publication and future taxonomic revi-
sions. The sequences, stored in INSDC, link back to the voucher in Herbarium 
Berolinense by a stable resolvable identifier. Each voucher is linked to the clon-
al culture and has an identification history. If, for example, the Achnanthidium 
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minutissimum complex is resolved in the future or an unknown Fragilaria sp. is 
formally described as a species new to science, the data curation at BGBM will 
keep track and update the respective records. Further, novelties registered at 
PhycoBank are also linked to the relevant vouchers at natural history museums, 
ensuring long-term interoperability (Müller et al. 2022). The findings contribute to 
understanding whether species, existing or newly described, are truly distinct ge-
netic entities or whether the definition of certain species should be reassessed. 
There are many ongoing research projects on this (Abarca et al. 2014; Kollár et 
al. 2019; Pinseel et al. 2020). The FRESHBAR data can now be included in such 
projects as results, as well as physical vouchers, and in a few cases, even algal 
strains are or will be available in publicly accessible databases and collections.

Many of the FRESHBAR clones belong to taxa that already exist in sequence 
reference databases. These references are nevertheless valuable because they 
originate from Sweden, and some of them are common here as well. Indeed, the 
dataset tripled the amount of reference rbcL sequences in Diat.barcode v10 with 
an origin in the Nordic countries. These sequences can now be used for Swedish 
metabarcoding with greater certainty than if there had only been sequences from 
other biogeographical areas (Bailet et al. 2019). Furthermore, the more sequences 
that are available for a taxon in a reference database, the more secure the annota-
tion of a new sequence to a taxon name is (Bailet et al. 2019). In addition, the results 
contribute to increasing knowledge about their biogeographical distribution, taxon-
omy, and ecology (Vaulot et al. 2023). Finally, several of the identified taxa belong to 
diatom genera where taxonomic research is in full swing and where all sequences 
within these genera are valuable for research. This applies in particular to Eunotia 
(Vanormelingen et al. 2008; Lange-Bertalot et al. 2011) and Fragilaria (Kahlert et 
al. 2019), but also to Gomphonema (Abarca et al. 2020), Pinnularia (Kollár et al. 
2021), and others. Many new species are described in these genera, and results are 
now available that can put Swedish taxa into context. With more sequences of the 
same species in the databases, knowledge about intraspecific variation can also 
be increased, species identification can be made more reliable, and environmental 
tolerances can be reassessed either at the species level or from genetic variants.

The rbcL barcodes generated in the FRESHBAR project with Sanger sequenc-
ing are relatively long (ca. 1000 bp) compared to the rbcL barcode used for me-
tabarcoding purposes (263–331 bp) (Pérez-Burillo et al. 2022) and therefore 
enable more detailed studies of taxonomic resolution, lineage divergence, and 
intra- and interspecific genetic variation (Pérez-Burillo et al. 2022). Longer bar-
coding sequences have been shown to include more variations in their compo-
sition, and the possibility of being able to distinguish between species is then 
greater (Gueidan and Li 2022). Preferably, molecular research and assessment 
should use long sequences and several markers for species identification and de-
limitation (Gueidan and Li 2022). Changing from the current short-read sequenc-
ing platforms to long-read ones, such as Pacific Bioscience or Oxford Nanopore 
Technologies, for metabarcoding will further improve the taxonomic resolution 
of species (Pérez-Burillo et al. 2022; Chwalińska et al. 2025). However, it is dis-
cussed that high-quality DNA material is needed for the metabarcoding of longer 
markers, and such quality is not always available from environmental samples.

Each added sequence, even sequences of more common species, potential-
ly facilitates identification when using a reference database in metabarcoding 
projects. However, it is important that barcoding sequences are taxonomically 
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accurately and consistently annotated to enable the further development of 
automated taxon detection for metabarcoding. Automated bioinformatic pipe-
lines will otherwise detect a conflict when, for example, identical sequences 
have different names (Bailet et al. 2020). The results highlight that assigning 
a correct name to a new barcoding sequence remains challenging and that 
the gaps in taxonomic knowledge require further work, ideally involving close 
collaboration between molecular and morphological experts and including de-
velopers of bioinformatic pipelines to ensure that practical solutions are clearly 
shown. For example, using a short rbcL barcode for metabarcoding means that 
certain species cannot be separated based on the short sequence (Pérez-Burillo 
et al. 2022; Ács et al. 2025), and a pipeline should highlight which species are 
pooled behind an annotated name, as well as the probability of correctness.

Finally, to be able to use metabarcoding as decision support, knowledge must be 
available about reference communities and the difference between good and mod-
erate status. The essential tools for this ecological assessment are metrics based 
on genetic data. The approaches to developing such metrics differ, as does their 
use of sequence reference databases. One approach is to directly translate molec-
ular units to traditional species names via a reference database and then directly 
use knowledge of the ecological preferences of the morphotaxa and traditional 
diatom metrics for environmental assessment (Hering et al. 2018). Alternatively, 
or additionally, the biological unit used can be the molecular unit directly, either as 
unique or as clustered sequences (Keck et al. 2017; Hering et al. 2018; Kelly et al. 
2020; Kelly et al. 2024). Direct use of the molecular units has been suggested to 
acknowledge and take advantage of the fact that diatom assemblage composition 
data generated using light microscopy and metabarcoding are different, both re-
garding taxonomic resolution and abundance estimation (Kelly et al. 2020). Indeed, 
it has been shown that genetic variants (e.g., ASVs and ESVs) can carry ecological 
information hidden by cryptic diatom diversity and that this information is well kept 
when building models to indicate environmental pressure-response relationships 
based on unassigned diatom sequences (Kelly et al. 2024). However, developing 
metrics based solely on DNA data to overcome the uncertainties of species identi-
fication will still require a good understanding of the ecological preferences of the 
molecular units used for the metric (Apothéloz‐Perret‐Gentil et al. 2020). A large 
effort will be necessary to ensure coverage of a range of stressor values at least as 
broad as that used for the development of the traditional methods (Pawlowski et 
al. 2018), and databases will be needed to host both the molecular units and their 
ecological profiles (Keck et al. 2017). Finally, it has been suggested to move away 
from environmental assessment based on single organism groups toward a more 
holistic analysis of the stress response of multiple organism groups (Pawlowski 
et al. 2018; Kelly et al. 2024). Indeed, it has been shown that such metrics might 
capture the environmental signal better than using diatoms alone (Simons et al. 
2023). However, while such attempts require the use of other barcodes than or-
ganism-specific ones, specific and curated databases such as Diat.barcode will 
still be needed in the future to transform sequences into understandable pieces of 
biological information, connecting them to known information.

The FRESHBAR results can now, together with the many other new molecular 
datasets currently being generated, be used to unravel not only diatom taxon-
omy but also information on the ecological profiles and geographical distribu-
tion of diatom units. Some work has already started using FRESHBAR results 
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(Dani et al. 2025; Kollár et al. 2026). Connecting studies on diatom ecological 
preferences and geographical distribution with molecular lineages is urgently 
recommended to improve species delimitation and enable future environmental 
monitoring and research to better interpret the ecological meaning of diatom 
assemblages and taxonomic relationships. Even if full completion of reference 
libraries with all available different sequences might not be realistic, populating 
them with new sequences will aid in understanding diatom assemblages and 
will make environmental assessment of understudied regions using molecular 
units less biased. There are many projects globally acquiring new sequences, 
and databases are continuously increasing their content (Epoch AI 2024). New 
diatom sequences are, furthermore, not only generated by the slow method of 
isolating and culturing single cells but also via metabarcoding projects directly 
(Rimet et al. 2018) and via direct sequencing of single cells, avoiding the need 
to culture (Hamilton et al. 2015). Finally, a project such as FRESHBAR is not only 
generating barcodes but also enables further research using the DNA extracts, 
other physical material, and the publicly available metadata, opening up con-
tinued use of the results for new purposes beyond those originally anticipated.
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Agricultural Sciences. https://hdl.handle.net/20.500.12703/6968

The compiled documentation of the images is published as Kahlert M, 
Mora D, Kusber W-H, Abarca N, Zimmermann J (2026) Data (images) for: 
New barcodes of freshwater diatoms from Sweden (Version 1) [Data set]. 
Swedish University of Agricultural Sciences. https://researchdata.se/en/
catalogue/dataset/2025-373

The 36 clonal cultures sent to the BCCM/DCG diatom culture collection 
of the Belgian Co-ordinated Collection of Micro-organisms (https://bccm.
belspo.be/) are available under the accession numbers DCG 1032, 1035–
1045, 1093–1101, and 1211–1225 (Suppl. material 3: table S1).

Environmental data of the sampled sites are given in Table 1. Additional 
data can be found in or requested from Miljödata-MVM, the national data-
base for lakes and watercourses, at https://miljodata.slu.se/mvm/.
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