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Abstract: 	 The aim of this study was to describe the fish assemblage of Lake Kartal, a Natural Protected Area in the 
Ukrainian Danube delta, using both invasive (multimesh gillnets) and non-invasive (eDNA metabarcod-
ing) methods. This is the first ichthyological investigation in Ukraine to use non-invasive eDNA analysis.  
Gillnet sampling took place at four localities between March and August in 2019 to 2021, while water was 
sampled for eDNA at 15 localities in October 2022 and May 2023, the samples being preserved and sent 
to a laboratory for further analysis. Twenty-nine fish species were registered using gillnet sampling, and 
twenty-eight fish taxa and two species complexes using eDNA. While eDNA confirmed four taxa absent 
in gillnet samples, 13 species recorded using gillnets were not detected using eDNA. Seven taxa (21% of 
total fish fauna) were non-indigenous, which could prove critical for the Natural Protected Area. Although 
species composition determined by the two methods was relatively similar, use of eDNA made it possible 
to estimate species composition and relative frequency with higher accuracy. Parallel studies using eDNA 
and standard fishing tools could help identify a greater number of species; however, such studies would be 
complicated, especially in lakes overgrown with macrophytes or in Natural Protected Areas.
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Introduction
Estuaries and deltas are areas that naturally support 
large numbers of fish, these sites being important 
not only for long-term resident fish populations but 
also acting as nursery and overwintering sites and 
as important migration routes (McHugh 1967, Hae-
drich 1983). The composition of estuarine/deltaic 
zone fish assemblages is of great importance for 

fisheries management; however, many of the tradi-
tional, invasive, fishing methods used to asses fish 
populations can be size-selective, thus potentially 
missing small or rare species (Link 2002, Kubečka 
et al. 2009). Numerous studies have examined the 
human impact on aquatic habitats and the utility 
of fish studies in estuarine fisheries management 
(Elliott et al. 1988, Costa & Elliott 1991, Pom-
fret et al. 1991), most finding that freshwater fish 
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communities are highly sensitive to environmental 
change and/or disturbance (Brander 2007, Dudg-
eon 2010, Evans et al. 2016).

Natural Protected Areas represent an efficient 
way to manage fisheries while simultaneously pre-
serving biodiversity in aquatic ecosystems (Plan De-
velopment Team 1990, Gell & Roberts 2003). The 
density, biomass, species richness and size of fishes 
are all expected to increase relative to surrounding 
areas within such protected areas (Halpern 2003), 
while the reduction in fishing pressure also ben-
efits larger fishes in higher trophic levels, which are 
usually targeted by fisheries and anglers (Claudet 
2011). In Ukraine, freshwater fish communities have 
been the subject of numerous studies over the last 
decade, especially in relation to National Parks and 
Natural Protected Areas (Goncharov 2014, Bond-
arev 2015, Demchenko et al. 2019, Roman et al. 
2021, Kutsokon et al. 2022, Snigirov et al. 2019, 
2022). In all cases, invasive size-selective methods 
have been used to assess population status (Roman 
et al. 2021, Kutsokon et al. 2021, 2022, Snigirov 
et al. 2022). In recent years, however, an alterna-
tive, highly-sensitive method has gained popularity 
for describing aquatic community composition, i.e. 
metabarcoding of environmental DNA (eDNA) in 
water samples. Based on the analysis of DNA shed 
by organisms into their environment (Evans et al. 
2016, Yamanaka & Minamoto 2016, Taberlet et 
al. 2018, Blabolil et al. 2022, Keck et al. 2022), 
the method potentially allows for detection of the full 
array of fish species in the aquatic ecosystem, along 
with their relative abundance and density on species 
detection, and species abundance and biomass on the 
number of sequenced reads attributable to each spe-
cies (Evans et al. 2016).

Lake Kartal (average depth 1.4 m, max. 2.2 m) 
is a flood lake of the western group of Danubian lakes, 
located in the Ukrainian part of the Danube delta 
(Struk 2011). The lake is oval-shaped, being ca. 5-km 
from east to west and ca. 3-km from north to south 
(Garkusha et al. 2022), and has a total surface area, 
including flood banks, of ca. 15 km², most of which 
is covered with aquatic vegetation (mainly the com-
mon reed [Phragmites australis]), open water surface 
representing just 5-8 km² (Struk 2011, Garkusha et 
al. 2022). The lake is mainly fed by spring flood wa-
ters from the Danube via a canal; thus, water levels 
are around 1 m higher than average in spring, then 
decrease over summer due to evaporation. The lake’s 
hydrochemical regime remains relatively stable, with 
mineralisation of around 0.2–0.5 ppt.

The lake has been registered as a Natural Pro-
tected Area since September 2019, with monitoring 

of the aquatic community, including fish, undertaken 
since 2016. The fish community structure typically 
remains relatively stable year-to-year (Bushuev & 
Demchenko 2019, Garkusha et al. 2022), with a fish 
assemblage comprising 30 to 40 species (Chaikovs-
ka et al. 2000, Zamorov et al. 2014a,b, Bushuev & 
Demchenko 2019, Garkusha et al. 2022). The main 
changes in species composition are related to the cur-
rent absence of less common species, such as Ku-
tum (Rutilus frisii), common minnow (Phoxinus cf. 
phoxinus) and European eel (Anguilla anguilla), and 
introduction of non-native species such as Chinese 
sleeper (Perccottus glenii), which was only recently 
registered in the lake (Kvach et al. 2022). To date, a 
total of 32 fish species have been registered (Garku-
sha et al. 2022). However, the methods used to as-
sess the fish community up until now have all been 
size selective. Owing to the many special permis-
sions necessary, gill-netting surveys in Lake Kartal 
are complicated and take a long time. Furthermore, 
such invasive surveys have been proscribed during 
the ongoing conflict with Russia (2022-present). 
As a safer and more rapid alternative, non-invasive 
eDNA metabarcoding could provide valuable results 
increasing our understanding of fish communities in 
Natural Protected Areas. Thus, the aims of the cur-
rent study were to i) determine the fish assemblage 
of Lake Kartal using both invasive (gill netting) and 
non-invasive eDNA metabarcoding methods, ii) to 
compare the results, including the number and fre-
quency of species detected by each method and any 
new species detected by eDNA metabarcoding, and 
iii) to evaluate the effectiveness of the non-invasive 
method for future fish surveys in Lower Danube del-
taic lakes.

Materials and Methods
Fish were sampled using a multimesh gillnet (1.5 
m high, 30 m long, 5–55 mm mesh) in Lake Kartal 
(Ukrainian part of the Danube deltaic zone) from 
March to August between 2019 and 2021 (Table 1). 
The gillnet was always sited at points free of vegeta-
tion, in accordance with European Standard method-
ology EN 14757:2015 (European Standard 2015) 
and methodological recommendations for Ukraine 
(Demchenko & Petrovych 2020). In total, 17 fish 
sampling sessions took place at four localities (Fig. 
1). On each occasion, the fish were removed from 
the net at the place of sampling, sorted into species, 
then counted and weighed, after which the live fish 
were released back to the water where they were 
caught. Any mortalities were preserved in 4% for-
malin as voucher specimens.
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Fish numbers were calculated as relative num-
ber of each species in each sample and represent-
ed as a percentage of total fish in the sample. Fish 
weight was measured in grammes and recalculated 
as relative weight of each species as a percentage of 
total sample weight. Frequency of occurrence was 
calculated as the number of times a particular fish 
species was recorded divided by the number of sam-
ples, represented as a percentage.

Fish were identified to species based on de-
scriptions provided by Kottelat & Freyhof (2007) 
and Movchan (2011), with scientific and vernacular 
names as those provided in FishBase (Froese & Pau-
ly 2023) and systematics and taxonomy as per Nel-
son et al. (2016). Red List Categories and Criteria are 
as those provided under the latest recommendations 
of the IUCN (2023). Classification as an alien and/or 
invasive species was based on recommendations un-
der the “Regulation of The European Parliament and 
of The Council on The Prevention and Management 
of the Introduction and Spread of Invasive Alien Spe-
cies” and the “List of Invasive Alien Species of Un-
ion Concern” (IAS of UC, European Council 2014, 
2016, 2017, 2019, 2022), as well as the “Guidance 
Document on Invasive Alien Species in the Danube 
River Basin” (IAS DRB, Paunović & Csányi 2018).

In October 2022 and May 2023, water samples 
for the eDNA study were obtained from 14 locali-
ties in those parts of the lake clear of aquatic veg-
etation, with two sites coinciding with those used 

for gill-netting and the rest spaced 200–500 m apart 
(Fig. 1). In each case, water depth at the sampling 
sites was between 1.5 and 1.8 m. One additional site 
was sampled in the canal connecting the lake with 
the Danube (seasonally functioning, lentic at the time 
of sampling, 1-m depth), which had the same type 
of habitat as the main lake. In each case, one litre of 
water from each locality was placed into a sterile bot-
tle and transported to the field laboratory, where it 
was filtered and preserved using the NatureMetrics 
kit for eDNA study (NatureMetrics Ltd), according 
to the manufacturer’s instructions. The preserved 
samples were then sent to a commercial laboratory 
(NatureMetrics Ltd., UK) for polymerase chain reac-
tion (PCR), high-throughput sequencing and bioin-
formatic analysis. Briefly, DNA was extracted from 
each filter using the DNeasy Blood and Tissue Kit 
(Qiagen, Netherlands), then purified to remove PCR 
inhibitors using the DNeasy PowerClean Pro Clean-
up Kit (Qiagen, Netherlands). The extracts were then 
quantified using a Qubit dsDNA BR Assay Kit on a 
Qubit 3.0 fluorometer (Thermo Scientific, USA). Pu-
rified extracts were amplified with 12 replicate PCRs 
for the hypervariable region of the 12S rRNA gene 
(Riaz et al. 2011, Kelly et al. 2014). A sequencing 
library was then prepared from the purified amplicons 
using a combinational dual index approach, follow-
ing Illumina’s 16S Metagenomic Sequencing Library 
Preparation protocol, sized using the TapeStation 
D1000 ScreenTape System (Agilent Technologies, 

Fig. 1. Map of the study area, with the sampling localities marked. Black circle = Lake Kartal; red points = invasive 
(gill-net) sampling sites; light green points = non-invasive (eDNA) sampling sites; orange points = both invasive and 
non-invasive sampling sites.
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Inc., USA) and then sequenced on an Illumina MiSeq 
system (Illumina, Inc., USA). The sequences were 
demultiplexed, merged using USEARCH (Edgar 
2010), trimmed using cutadapt (Martin 2011), fil-
tered by length and quality with USEARCH, derepli-
cated (retaining singletons), and denoised using UN-
OISE (Edgar 2016). Taxonomic assignments were 
undertaken via sequence similarity searches of ZOTU 
sequences against the NCBI nucleotide (nt) database 
using blastn (Altschul et al. 1990, Camacho et 
al. 2009), with hits required to have a minimum e-
score of 1e-20 and cover at least 90% of the query 
sequence. Identification was provided to the lowest 
possible taxonomic level, with minimum similarity 
for species-, genus- and higher-level assignments of 
99, 97 and 95%, respectively. Low abundance detec-
tions were omitted with filter thresholds set at 0.02% 
of total reads per sample. In cases where support for 
taxonomic identification was low, i.e. where it was 
based on fewer than three matches to sequences in the 
reference database, the taxa was identified as a spe-
cies complex comprising the names of the taxa that 
could not be differentiated based on the gene used. 
A high sequence proportion per taxa detected in each 
sample was interpreted as lending greater confidence 
to that detection. For both gillnet and eDNA samples, 
frequency of occurrence was calculated as the per-
centage of samples with a particular taxon in relation 
to the total number of samples.

Results
In total, 41 fish taxa and two species complexes 
were identified in Lake Kartal using both invasive 
and non-invasive methods (Table 2). From these, 
we identified 33 taxa to species level, the taxonomic 
status of the rest remaining questionable.

Using gill-net sampling, we recorded 29 fish 
species from 10 families (Table 2), with two of the 
species, Pontic shad (Alosa immaculata) and com-
mon carp (Cyprinus carpio) considered as Vulner-
able by the IUCN, and the rest considered as of 
Least Concern, except one species, Prussian carp 
(Carassius gibelio), which was registered as Not 
Evaluated. Four non-indigenous species were regis-
tered, Prussian carp, stone moroko (Pseudorasbora 
parva), Chinese sleeper and pumpkinseed (Lepomis 
gibbosus). Of these, stone moroko and pumpkinseed 
are registered as IAS of UC, while Prussian carp is 
registered as an IAS DRB. Prussian carp were the 
most numerous IAS in all samples.

Using eDNA analysis, 28 fish taxa were reg-
istered, with seven taxa identified to genera and 
three to family level, along with two species com-
plexes (silver bream [Blicca bjoerkna]/vimba bream 
[Vimba vimba] and silver carp [Hypophthalmichthys 
molitrix]/bighead carp [Hypophthalmichthys nobi-
lis]) (Table 2). Three IAS fish species were identi-
fied, Chinese sleeper, stone moroko and grass carp 

Table 1. Site number, coordinates and date of sampling for gill-net and eDNA sampling in Lake Kartal.

Site Coordinates Gill-nets eDNA

1 45.288081, 28.521081 March 2019, October 2019 October 2022
2 45.289608, 28.511437 March 2019, October 2019 October 2022

3 45.311661, 28.503532 March 2019, October 2019, May 2020, August 2020,  
August 2021, October 2021 -

4 45.310212, 28.510742 March 2019, October 2019, May 2020, August 2020,  
April 2021, October 2021 -

5 45.288949, 28.520365 - October 2022
6 45.292750, 28.518222 - October 2022
7 45.293527, 28.517105 - October 2022
8 45.291774, 28.514414 - October 2022
9 45.286467, 28.520667 - May 2023
10 45.288833, 28.521980 - May 2023
11 45.289583, 28.524400 - May 2023
12 45.292950, 28.526167 - May 2023
13 45.295398, 28.523717 - May 2023
14 45.297550, 28.520983 - May 2023
15 45.294513, 28.519825 - May 2023
16 45.286733, 28.516376 - May 2023
17 45.291871, 28.465990 - May 2023
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(Ctenopharyngodon idella), as well as three taxa 
identified to genus only (two different Hypophthal-
michthys spp. taxa and one Carassius sp.).

eDNA indicated a fish community dominated 
by common roach (Rutilus rutilus), Carassius sp. 
and two fish identified to family level only, i.e. Go-
biidae gen. sp. and Cyprinidae gen. sp. 1, which 
were present in every second sample, while Euro-
pean bream, grass carp and the weatherfish (Mis-
gurnus fossilis), along with several fish identified 

to genus level only, occurred in every third sample 
(Fig. 2).

In comparison, the Black Sea sprat (Clupeonella 
cultriventris), Common roach (R. rutilus), Prussian 
carp (C. gibelio), common bleak (Alburnus alburnus), 
European bitterling (Rhodeus amarus), Common 
rudd (Scardinius erythrophthalmus), asp (Leuciscus 
aspius), ruffe (Gymnocephalus cernua), silver bream 
and European perch (Perca fluviatilis) dominated by 
frequency (in order) in gill-net samples (Fig. 2).

Fig. 2. Relative frequency of fish species identified using multimesh gill-nets and eDNA samples. 
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Discussion
This ichthyological investigation was the first in 
Ukraine to use non-invasive eDNA sampling. In do-
ing so, we recorded four fish taxa absent in gill-net 
samples, i.e. Hypophthalmichthys sp. 1, Hypoph-
thalmichthys sp. 2, grass carp and the weatherfish, 
as well as the silver carp/bighead carp complex. On 
the other hand, 13 other species were not detected 
using eDNA but did appear in gill-net samples, i.e. 
Pontic shad (A. immaculata), Black Sea sprat (C. 
cultriventris), silver bream, Prussian carp (C. gi-
belio), ide (Leuciscus idus), sunbleak (Leucaspius 
delineatus), ziege (Pelecus cultratus), Dnieper chub 
(Petroleuciscus borysthenicus), tench (Tinca tinca), 
European catfish (Silurus glanis), western tubenose 
goby (Proterorhinus semilunaris), black-striped 
pipefish (Syngnathus abaster) and pumpkinseed (L. 
gibbosus).

The lack of barcoding data for local fish species 
makes it difficult to accurately compare the results 
of the invasive and non-invasive techniques; never-
theless, the finding of two unidentified cyprinids in 
the eDNA samples (Cyprinidae gen. sp. 1 and Cy-
prinidae gen. sp. 2) could correlate with the finding 
of Ziege and Dnieper chub in the gillnets. Similarly, 
the Pontic shad (gillnet) could have been represented 
as Alosa sp. in the eDNA results. However, potential 
correlations between silver bream (gillnet) and the 
silver bream/vimba bream cross (eDNA), ide (gill-
net) and Leuciscus sp. (eDNA), sunbleak (gillnet) 
and Leucaspius sp. (eDNA) are far less certain.

Other questionable findings include Carassius 
sp. and Cyprinus sp. detected using the eDNA meth-
od. In the gill-net samples, for example, we recorded 
two Carassius genera, crucian carp (Carassius car-
assius) and Prussian carp, though only crucian carp, 
which is native to Ukraine, was registered by eDNA. 
At least three invasive representatives of this genus 
have been registered in Ukraine, the goldfish (Caras-
sius auratus), Prussian carp and Ginbuna (Carassius 
langsdorfii). While occurrence of goldfish has yet to 
be confirmed through DNA analysis (see Movchan 
2011, Rylková et al. 2013), the species is known 
from neighbouring Danube basin states (Rylková et 
al. 2013). Thus, the presence of unidentified Caras-
sius sp. in Lake Kartal, as indicated by eDNA, could 
indicate the presence of some, or all, of these IAS; 
however, it is more plausible that it correlates with 
presence of Prussian carp, the most abundant rep-
resentative of the genus in the lake. The presence 
of an unknown Cyprinus sp. is more questionable 
as only one species of the genus, the common carp, 
is known in Ukraine (Movchan 2011). It is plau-

sible, however, that the eDNA study recorded the 
presence of a released/escaped aquacultural or orna-
mental species. For example, the non-native Amur 
carp (Cyprinus rubrofuscus) is also known from the 
Danube basin, probably having been introduced as 
a release from a garden pond (Patoka et al. 2017).

The recoding of three Hypophthalmichthys 
taxa indicates the effectiveness of such modern non-
invasive methods. Two species of this genus, silver 
carp and bighead carp, have been introduced into 
various regions around the lower Danube, including 
the Danubian lakes, and the silver carp/bighead carp 
complex has also been recorded. The grass carp, an-
other representative of Asian fauna intentionally in-
troduced into Ukraine, has also been recorded along 
the Lower Danube, though it was only registered in 
Lake Kartal when using the eDNA method, i.e. not 
during gill-netting. All these carp species were intro-
duced into Ukraine as aquacultural species (Bushuev 
& Demchenko 2019, Jawdhari et al. 2022); how-
ever, intentional introductions of non-indigenous 
species into the Lake Kartal region were terminated 
in 2019, when the region was classified as a Natural 
Protected Area. The last fish stocking into Lake Kar-
tal took place in 2017, when 305,000 Asian cypri-
nid fry (silver, bighead and grass carp) and 101,000 
common carp fry were released. Between 2019 and 
2023, therefore, these fish would still be classed as 
immature and would have a low chance of being 
sampled by gill-nets, which have a maximum mesh 
size of 55 mm. This most likely explains the absence 
of these species in the gill-net catches, and their com-
paratively high frequency in the eDNA samples.

Somewhat surprising was the absence of pump-
kinseed in the eDNA results, this fish being frequent-
ly found in the study region. Over recent years, the 
pumpkinseed population has shown a declining trend 
in the lake, a pattern confirmed by gill-net catches 
between 2019 and 2021 (Garkusha et al. 2022), and 
this could help explain the apparent absence of the 
species in eDNA samples. Also surprising was the 
apparent high relative abundance of some fish spe-
cies in gill-net samples, e.g. silver bream, ruffe, asp, 
common rudd and European bitterling, which were 
not detected using eDNA analysis.

Seven non-indigenous fish taxa were con-
firmed in the lake (21% of total fish fauna), and this 
could prove critical for the Natural Protected Area. 
Under ideal conditions, protected areas should rep-
resent intact catchments, have natural hydrological 
regimes and contain only native species (Saunders 
et al. 2002). In practice, however, non-indigenous 
species tend to do better in protected areas than in 
unprotected areas (Giakoumi et al. 2019). Ideally, 
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natural lakes in such conservation areas should in-
corporate natural barriers that permit migration of 
native species, if needed, but preclude the invasion 
of non-natives species (Moyle & Sato 1991).

Overall, we consider the similarity in species 
composition determined by invasive gill-netting and 
non-invasive eDNA sampling to be relatively high. 
While 13 species registered by gill-netting were 
absent in the eDNA data, the latter included repre-
sentatives of the same genera detected in the gill-
net samples taxa that could not be identified to spe-
cies level. For example, Carassius sp. was probably 
Prussian carp, Cyprinus sp. was probably common 
carp, Leucaspius sp. was probably sunbleak and 
Hypophthalmichthys sp. 1 and Hypophthalmichthys 
sp. 2 were probably silver carp and bighead carp, 
respectively. These cases excepted, the difference 
between the methods decreases to just seven spe-
cies present in gill-net samples but not detected by 
eDNA. Previous studies have tended to show eDNA 
detecting a higher species richness than traditional 
invasive methods. In the Rupert River (James Bay, 
Canada), for example, an eDNA survey detected 20 
species compared with just 10 found by gill-netting 
(Boivin-Delisle et al. 2021), while in the Board-
man River (Lake Michigan basin, USA), invasive 
methods (fyke- and gill-nets) detected just 12 spe-
cies, while eDNA recorded 40 species (Gehri et al. 
2021). eDNA’s high monitoring effectiveness has 
also been shown in the Hungarian stretches of the 
Danube and Tisza, where the mean percentage taxa 
richness detected by gill-netting was 6.7% com-
pared with 21.5% detected by eDNA (Czeglédi et 
al. 2021). Note, however, that in all these cases, the 
surveys covered a large stretch of river, while our 
study was limited to a relatively small, shallow lake 
were a large part of the water’s surface was covered 
with aquatic vegetation, which may have contribut-
ed to the similarity in our results. In lotic water bod-
ies, there is a relatively high probability of eDNA 
capturing DNA of species living in tributaries up-
stream and registering such species as resident in the 
main flow. Such species will not be sampled using 
gillnets as they are physically absent, being resident 
in other parts of the river drainage. In small lakes, 
however, with little or no connectivity upstream, the 
probability of capturing non-resident species DNA 
is minimal. This could help explain the relatively 
high faunal similarity determined by the two meth-
ods in Lake Kartal, the number of species registered 
being affected more by the intensity of gill-netting, 
i.e. if the water body was to be surveyed more inten-
sively, the probability of finding new species would 
be minimised.

On the other hand, simultaneous use of the two 
different methods would greatly improve estimates 
of the lake’s fish community, with use of eDNA in 
particular making it possible to estimate species 
composition and relative frequency with improved 
accuracy. However, while use of eDNA alongside 
standard fishing tools makes it possible to identify 
a larger number of species, such combined stud-
ies would be more complicated, especially in lakes 
overgrown with macrophytes, and could prove 
problematic in Natural Protected Areas due to the 
risk of catching or harming protected fish species. 
In conclusion, therefore, use of the eDNA method 
clearly contributes to the expansion of knowledge 
regarding fish community species composition in 
waterbodies such as Lake Kartal; however, com-
plimentary research using more traditional meth-
ods, such as gill netting, would allow identification 
of species that could only be determined to genus 
level using eDNA samples. In small, enclosed lakes, 
where species composition remains relatively sta-
ble, use of eDNA represents a good alternative to 
more invasive traditional research methods.
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