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Abstract: The Danube River has a large hydrographical basin, being the second largest river in Europe.
The main channel flows through seven European countries with many species of fish inhabiting it. In
this review we focused on the invasive species silver carp (Hypophthalmichthys molitrix), which plays
an important ecological and economic role in its original habitat, but since introduced in Europe’s
rivers, the species has posed a serious ecological risk under global warming. In this review paper,
we gathered data regarding silver carp, such as when and how it entered the Danube Delta and the
water temperature suitable for its growth and reproduction, mainly in the context of global warming,
as well as the nature of nutrition and the ecological risk the species poses.

Keywords: Hypophthalmichthys molitrix; Danube Delta; Asian carp; silver carp; invasive species;
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1. Introduction

As the second-largest river in Europe, the Danube has a big hydrographical basin
measuring roughly 817,000 km?. The main channel crosses seven nations, before reaching
the Black Sea and a large part of its lower sector flows into Romanian territory, where
it creates the Danube Delta. New studies or monitoring programs led by international
organizations or associations such as the International Commission for the Protection of the
Danube River (ICPDR) and the International Association for Danube Research highlight
the importance of the Danube for nature and biodiversity. A potential “invasion gateway”
in Europe, the Danube River is a part of the Southern invasion corridor [1]. The intricate
Danube-Black Sea agroecosystem is a rich “ichthyosystem”, formed by a rare combination
of integrated biotopes and biocoenoses linked to forces and counterforces in time and space.
The Danube Delta’s structural and functional bonds in the connectivity of the Danube and
the Black Sea are revealed by the fish species captured there. In addition, the fact that
57.26% of the fish species found in the Lower Danube, Danube Delta, and northwest Black
Sea use two or three of the subsystem habitats, demonstrates the delta’s crucial importance.
Therefore, this convergence region can be thought of as a dynamic “ichthyosystem” that
has demonstrated a high degree of adaptability, resilience, and flexibility over geological
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time but has become much more sensitive to environmental perturbations as a result of
human impact over the past century as the introduced non-native fish species have a large
impact on this system [2].

The term Asian carp collectively refers to a group of four species that are also now
found in the Danube River; they are: the grass carp (Ctenopharyngodon idella, Valenciennes
1844), bighead carp (Hypophthalmichthys nobilis, ]. Richardson 1845), black carp (Mylopharyn-
godon piceus, . Richardson 1846), and silver carp (Hypophthalmichthys molitrix, Valenciennes
1844) [3].

Asian carp are widely cultured and traded all over the world due to their fast growth
rate, easy cultivation, high feed efficiency ratio, and high nutritional value [3-5]. Silver
carp, Hypophthalmichthys molitrix (Valenciennes 1844) is one of the most commonly raised
freshwater fish species throughout the world due to its wide availability, low cost of
aquaculture production, high feed efficiency ratio, and nutritional value [6]. It is well
known to be rich in proteins, polyunsaturated fatty acids, lipid-soluble vitamins, and
micronutrients [7,8]. Asian carp of the genus Hypophthalmichthys are valued as food resource
not only in eastern and southern Asia, where they are considered a common aquaculture
species, but also in global aquaculture production [9]. As a planktivorous fish species,
Hypophthalmichthys spp. has biological traits that make it both ideal an aquaculture species
and effective invaders (traits such as quick growth and reproduction, wide environmental
tolerance, and general eating preferences); thus, in many of the territories where they have
been introduced, Asian carp are now regarded as invasive species in areas outside their
native range, especially in the USA [10].

Hypophthalmichthys molitrix (Valenciennes 1844) and Hypophthalmichthys nobilis (].
Richardson 1845), known as silver carp and bighead carp, respectively, play an important
economic role in freshwater fish farming. Looking through fish harvest reports is ade-
quate to comprehend the significance of these species. For instance, silver carp ranked
second in the world’s aquaculture in 2018 with a global production of 4,822,794 tons. Iran,
Bangladesh, China, and India are the top producers and exporters [11]. A total of 1.369 tons
of bighead carp were collected in 2019 in Hungary as part of the so-called “carp polyculture
system,” accounting for around 7 to 10 percent of the nation’s overall fish production [9].
Additionally, the silver carp has been introduced to about 80 other countries and still serves
a significant ecological function in its native habitat (East Asia), successfully reproducing
in 23 countries [12].

The ecological impact of Asian carp in North America is already well known [13].
Optimal temperature and water flow are the two primary parameters involving their
reproduction. While the two species of Asian carp need a minimum temperature of 18 °C to
breed [14], this is not a limiting factor in the majority of Europe. While silver carp females
are less demanding in this sense, bighead carp females need strong water currents in the
spawning areas for egg development to take place [15].

In Europe, the introduction of these species began in the 1960s; however, in Western
Europe, the potential of wild reproduction was not taken into account [16]. The first
proven reproduction of bighead carp was reported in the Po River and its associated canal
system [17]. The use of the two species (and their hybrids) in aquaculture production
is a crucial component of the so-called “carp polyculture system” under pond farming
conditions, which is a prevalent practice in Central and Eastern Europe, further complicates
the situation in Europe [18].

The Danube and Tisza River basins in this region provide the environmental conditions
needed for spawning. There have been reports on the two species spawning observations
in the Danube’s Romanian and Serbian parts [19]. Asian carp effects on the ecosystem are
still largely unknown in Europe, where the species has also been introduced. Some sources
claim that the species is established at least in the Danube River, e.g., [20], but others report
they are only present in Europe through stocking and escapes [13]. In the rivers of Western
Europe, Asian carp were introduced at the beginning of the 1960s and are typically thought
to be incapable of reproducing. However, there have been no studies on the stability of



Life 2022, 12, 1582

3of 14

their population or the effects they have on the ecosystem. Bighead carp invasions are
likely underreported more frequently than silver carp ones, which are frequently found
together with bighead carp and have a propensity to jump out of the water when boats pass
nearby it [21], thus being easily observable. This work aims at highlighting the Asian carp
as an invasive species, with an emphasis on Hypophthalmichthys molitrix. The invasiveness
rate is facilitated by the current climate change context, as higher temperatures lead to
the better reproduction of the species in question, which involves yet unknown long-term
consequences for the Danube Delta.

2. External Morphology and Biology

The silver carp’s overall form is described as deep-bodied and moderately compressed
laterally [22]. The number of vertebrae is 37 from the head to the anus. The area of the gill
spines transformed into a filter apparatus, by means of a conjunctive-cartilaginous tissue
with holes that retain particles of approximately 8-10 um. It has a weakly pronounced
variability.

Sexual dimorphism is weakly highlighted: males have a smaller waist, and on the first
radius of the pectorals, when palpated, there are asperities. The common size is 45-55 cm,
with a maximum of 105 cm and 12 kg. The fins do not have any spines, and the scales are
exceedingly tiny and cycloid. It is dark gray above and off-white below, with irregularly
shaped and placed splotches of dark gray to black all over the body. When the fish reaches
the age of about 8 weeks, this pattern starts to emerge. Silver carp also have unusually big
heads and mouths [22] (Figure 1) and are often mistaken with bighead carp.

The terminal mouth is not expandable, and the projecting mandible and premaxilla
together produce stiff, bony lips. The eyes have a distinct ventral orientation and are
situated anteriorly on the head. Between the pelvic fins and the caudal fin base lies a
smooth keel [22,23] (Figure 1).

Figure 1. Hypophthalmichthys molitrix, image reproduced with permission from Ref. [24]. Copyright
year 2007, copyright owner’s Vasile Otel [22]. Length: 40 cm (exceptional over 1.5 m). Weight: 1-2 kg
(exceptionally over 60 kg). Appearance: Very large head with low-set eyes, large mouth, strong
pharyngeal teeth. The body is covered with small silvery scales [22].

It prefers slow-flowing and stagnant fresh waters, with a broad sheen and devoid
of vegetation, rich in microalgae and organic suspensions, which it feeds on by filtration.
In warm seasons it spends most of its time filtering, when it moves slowly in the water
mass or near the surface, in larger or smaller groups, usually constituted by age. When it
encounters obstacles (for example, fishing nets or dams) it tries to jump over them. If in the
native area, sexual maturity is reached at the age of 3—4 years; here, in Eastern Europe it is
1-2 years later, at a body weight of 34 kg [22].
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In its native areas (East Asia), reproduction takes place at water temperatures between
18-22 °C in rivers, during periods of flooding, in eddy areas. Reproduction takes place in
groups of 15-25 individuals. Spawns are pelagic. Hatching occurs after approximately 24 h,
and the brood spreads in the overflow areas of the rivers.

In the fish farms of the Danube Delta area, reproduction can only be achieved artifi-
cially by hormonal stimulation with pituitary suspension. The best results were obtained in
the first half of June, when the water temperature is between 22 and 25 °C During feeding
it retains particles from 8 to 100 um, mostly consisting of planktonic algae of all categories,
including blue, zooplankton, and organic detritus. There are some opinions that the species
is resistant to the toxins of some species of blue algae, and others that it has the ability to
detect and avoid fields with such toxic algae. The rate of growth mentioned in Danube
Delta ponds area is below that of carp in the first summer (approx. 10-20 g), but after this
period it is superior, having a very high growth capacity in conditions of sufficient food so
at the age of 5 years it can reach a weight of 7-8 kg and at 6 years can exceed 10 kg [22].

3. When and How the Species Entered the Danube Delta and Romania

Due to the abundance of nutrients that the Danube is carrying out, fish move to these
areas most likely to take advantage of the water’s distinctive richness. Numerous native
freshwater fish species regularly migrate into these zones in search of food. Freshwater
fish species typically migrate at specific seasons. In order to spawn in the most naturally
protected regions, fish migrate in the spring. In the last decade, in the Danube Delta area
it has been proven that specimens escaped the environment and reproduced in natural
waters [22]. The species has “escaped” from the aquaculture systems many times through
the water supply systems not equipped with sieves, and thus the fry entered the natural
waters (the hydrographic network of Romania is shown in Supplementary Figure S1). The
seasonal migration of freshwater fish is very closely related to the water temperature [24].
Other detected assessments of fish data for the entire Danube River showed that the non-
native Hypophthalmichthys molitrix was among the 20 most abundant species, ranking
seventh and eighth, respectively [25].

The adaptation of Asian carp in Romania (Figure 2) begins in 1957 with the importation
of 100 young Asian grass carp from the former USSR. The introduction of younglings of
the other species of Asian carp (also silver carp) from the People’s Republic of China in
the early 1960s continued this action. These species were initially introduced in a few
fish farming operations and research centers in western and central Romania, as well as a
few farms in the Danube Delta [26,27]. The young Asian carp likely strayed into the wild
accidentally after escaping from certain fish farms, perhaps in the Danube River itself or
one of its major tributaries. The exact dates of the incident and the number of specimens
which escaped into the wild are unknown. The significant floods that occurred in the
middle of the 1970s may be a factor in some of these accidents.

Since then, more and more Asian carp have begun to be caught in the Danube Delta
and in the upper course of the Romanian river sector of the Danube until the end of
the 1970s. In the middle of the 1990s, their weight as a percentage of the annual total
capture reached more than 100 tons. Spread of invasive alien species (IAS) to the Bulgarian
Danube River section may be additionally facilitated by international shipping, boating,
aquaculture, and fishing activities; for example, it was considered that it was intentionally
introduced along with the herbivorous Asian carp Aristichthys nobilis (Richardson 1845) to
Mechka fishponds or other fish farms along the Danube River located upstream [26,28].
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Figure 2. The political map of Europe with the location of Romania in the lower basin of the Danube.

The Asian silver carp is the most productive and economical species for directed
growth (fish culture) due to the fact that it has a better growth rate than carp and does
not need to be fed, consuming the phytoplankton mass. Since 1981, it has also started
to be recorded in catches made in natural waters of the Danube Delta, especially in the
Razim-Sinoie complex, the Old Danube, the Danube upstream of Isaccea, and some large
lakes. In the Danube, the catches are usually made in the spring, with nets, on the occasion
of pontic shad fishing, and in the other areas, in the fall, by nets. Although the productions
made from the natural environment are transferred to the “Fito” (grass feeding Asian carp)
category, including here the three species of East Asian cyprinids, it can be stated that
Hypophthalmichthys molitrix is the dominant species so that at least 80% of the quantities
reported in the Danube Delta Biosphere Reserve area belong to it [22].

In the study on fish fauna from lakes of the fluvial Danube Delta [29], the presence of
fish communities that vary among lakes can be considered a good indicator of the ecological
state of lakes, using fish catches from the Gorgova-Uzlina lake complex, it was among the
dominant species of carp, among the 37 species captured.

The study of ichthyofauna realized by Navodaru et al. [30] presents the situation of
the fish communities from the Rosu-Puiu lake complex, part of the “marine delta area” of
the Danube Delta. In this lake complex, there were analyzed 29 species of fish (5 exotic
species and 24 native species, including Asian silver carp). Another complex study about
the Cyprinidae health condition in Romania, among them the Asian silver carp, indicates
that the knowledge of fish illnesses is of great importance, as long as diseases represent
restrictive factors of fish production [31].
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A rather technical form on how to establish the taxonomic relationships within the
Cyprinidae family was required because it is one of the largest families of fish in the world
and a well-known component of the East Asian freshwater fish fauna. The majority of
research on silver carp has used single mitochondrial DNA genes to assess population or
low-level taxonomic relationships [32].

Among the fish species that currently show an obvious biological progression and
hold the largest share in the captures of the Prut River basin (within the borders of the
Republic of Moldova) is the Hypophthalmichthys molitrix, in the lower sector, along with
many species studied in the research on the ichthyofauna of the Prut river [33].

The presence of the species Hypophthalmichthys molitrix is also observed in the Tansa-
Belcesti lakes, situated in the northeastern part of Romania, on the Bahlui River course,
where a numerical and gravimetric inventory is made to be able to observe the dominance
of higher economic importance species but also the elements of parasitofauna [34].

Nastase et al. [35] placed on the map of Romania the presence of silver carp within the
river basin of the Mures river, through the investigations regarding ichthyofauna from four
localities sites of lower Romanian Mures River. Regarding origin most of the species are
native, but exotic species like Hypophthalmichthys molitrix appear as new species in the area
caused by accelerated eutrophication, the results of intensive human activity in sense of
increased pollution in the condition of continuous climate change.

In the Prut River, in localities such as Giurgiulesti or Caslita, an active entrance from the
Danube River and an increase in the number of Mediterranean species was established, and,
from the Cyprinidae family, the biggest share is held by Hypophthalmichthys molitrix [36].

A number of 21 species were recorded, including Hypohthalmichthys molitrix, starting
from the premise that fish from the Timis river represent a biological indicator in assessing
the water quality of this river [37], an aspect that was treated relatively similarly in the
work on fish fauna from the lowland Mures River (Romania) by Teclean et al. [38]. Among
the farmed freshwater fishes, Hypophthalmichthys molitrix has attracted great attention due
to its increasing production in the European Union, where the silver carp is produced most
notably in Hungary and Romania [39]; therefore, the presence in our country is significant
for this species. Additionally, Luca et al., [40] used the vertebrate mitochondrial genome as
an important model system for studying molecular evolution, organismal phylogeny, and
genome structure in order to establish the phylogenetic relationships between analyzed
species from the Cyprinidae family in Romania.

In 2014, a study was carried out on the species of Stanca Costesti Lake, located
on the border between Romania and the Republic of Moldova, where the results of a
fish fauna study in the area were based on 29 species, with important resonances being
Hypophthalmichthys molitrix [41].

In the branches of the Danube Delta and in the adjacent flowing waters of the Danube
Delta Biosphere Reserve (RBDD), 66 species of fish have been recorded, of which two-thirds
have commercial value. The fish species are mostly native, while only six are exotic species,
including Hypophthalmichthys molitrix [42].

Other studies present a new location, where there were described 43 fish species in
Razim Lake, with 39 native and 4 non-natives (including Hypophthalmichthys molitrix). The
aim was to determine the ecological status of the fish fauna of Razim Lake under the
conditions of the water salinity changing [43].

In 2009, it was identified that the number of species that usually live in the lowland
waters is increased in the lower Mures River (29 species) and is decreasing in the Somes and
Crisuri Rivers system (22 species), where the riversides are embanked. The majority of the
fish species that live in the lowland rivers use the secondary branches and adjacent ponds,
and canals as natural refuges as optimal biotopes for their spawning. Due to the entity
of the adjacent channels, the opportunistic Hypophthalmichthys nobilis (J. Richardson 1845)
and Hypophthalmichthys molitrix are increasing in number in the lower Mures [44,45] and
have identified the fact that the Lower Siret Valley is very rich in ichthyofaunal diversity,
including Hypophthalmichthys molitrix. At the same time, a few specimens the species
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were found in the Putna-Vrancea Natural Park and the Dumbravita fisheries complex
Ramsar sites.

A study aiming to monitor fish parasites in Romania, as well as their importance
for pathology and public health, monitored more than 50 wild fish species, including
Hypophthalmichthys molitrix [46].

As a mention of the distribution of silver carp in the territory of Romania, (Figure 3),
there was also the monitoring of the Somes River, in 2013, by investigating the qualitative
and quantitative changes of fish assemblages in the polluted areas [47].

20°E 22°E 24°E 26°E 28°E 30°E
Hypophthalmichthys molitrix (Valenciennes, 1844) - species distribution in Romania
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Figure 3. The distribution of the species Hypophthalmichthys molitrix, in the actual territory of Romania.
Original map made based on data from the cited literature in this review material.

4. Water Temperature Suitable for Reproduction of Hypophthalmichthys molitrix

Ecosystems supporting fisheries are negatively impacted by climate change and fluc-
tuation. Freshwater ecosystems may experience widespread effects from climate change
due to changes in biodiversity patterns, species abundance and distribution, biological
interactions, phenology, and the physiology, performance, and fitness of animals. Romania
is included in the region of Central and Southern Europe which is regarded as one of the
most vulnerable to climatic changes [48]. Thus, as a result, climate change affects the water
level, temperature, and ambient thermal regimes of the Danube River and the variety and
richness of the ichthyofauna in the lower sector of the river [49].

Romania’s summer temperatures over the past 10 years have been the highest in the
country throughout the previous century [50,51]; additionally, catastrophic climate events
such as extreme precipitation or drought are linked to global warming and can alter the
water cycle, leading to anomalous oscillations in water level [52]. In the past 3 years, studies
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have been conducted to assess the effects of the Danube River’s water temperature and
level regime on the structure and variety of the fish stock (between 2016 and 2019 in Braila
station) [53].

In order to demonstrate the climate warming and the thermal trend of the Danube
River and Danube Delta in the May—June period, we undertook our own climate demon-
stration based on raster data extracted with the help of the WorldClim source. This time
period is when Hypophthalmichthys molitrix is natural breeding if environmental conditions
are favorable and the waters are warm enough.

The raster data were taken from the WorldClim website, where monthly climate data
starting in 1968 are stored [16,54,55]. The data stored on the site are provided by the Climatic
Research Unit, University of East Anglia, using WorldClim 2.1 for bias correction. The
variables available are average minimum temperature (°C), average maximum temperature
(°C), and total precipitation (mm). The spatial resolution is 2.5 min (~21 km?). Each
download is a “zip” file containing 120 GeoTiff (.tif) files, for each month of the year
(January is 1; December is 12), for a 10-year period. The data were processed in QantumGis
(open source). Clip raster by mask layer was made to process the data of the research area
(Danube and Danube delta), raster to polygon (vector) conversions for data extraction.

Because we were missing data from the CRU source, WorldClim 2.1 for the years 2018—
2019, we completed with data from the stations measuring the parameters of the Danube
waters in Tulcea, Galati, and Braila locations for these years, and the water temperature
during June was expressed as follows:

The mean annual highest water temperature was recorded in 2019 (17.16 to 8.39 °C),
and the lowest was recorded in 2017 (16.25 to 9.07 °C) (Figure 4). Galati station recorded its
mean annual maximum water temperature in 2019 (16.86 to 8.62 °C) and its mean annual
minimum temperature in 2017 (16.35 to 9.41 °C) (Figure 4). In Tulcea station, the mean
annual water temperature ranged from 16.20 to 9.28 °C in 2017 to 17.15 at 8.52 °C in 2019.
(Figure 4), [14,54,56].
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Figure 4. The graph above show the general trend of temperature increase for May and the beginning
of June, a trend accentuated by the phenomenon of global warming and prolonged sects at the local
level along the Danube.

The conclusions regarding minimum temperature, measured in the middle of May, on
CRU temperature data, registered an increase of 1.56 °C in the period 2010-2021. In the
same time maximum temperature, measured in the middle of June, registers an increase of
1.26 °C in the period 2010-2021.

In Figure 5 it can be seen that the high temperatures are located in the upper and
middle course until the entrance of the Danube in the Danube Delta area. There are only



Life 2022, 12, 1582

9 of 14

LEGEND (°C)

small points with slightly lower temperatures in 2010, so in 2021 the high temperatures of
water in May—June occupy the entire course of the river, including in the Danube Delta.

2010

Figure 5. Danube water temperatures in Romania in May-June 2010 below, 2021 above. Original
map based on CRU weather data combined with local station data.

The temperature is increasing on average of 0.11 °C per year, predicting an increase
by at least 1.14 °C in the next decade. There is a possibility that this increase will be an
accelerated one because in the period followed by the study, an acceleration of this increase
towards the year 2021 was observed. The minimum temperature is maintained, with
small fluctuations around 25 °C, registering an important increase in 2021 (27.24 °C). The
maximum temperature increases visibly, registering a significant evolution from 29.64 °C
in 2010 to 30.9 °C in 2021. A significant increase in values is observed between 2010 and
2021, namely 1.26 °C.

The temperature in the presented graphs shows its evolution for the last half of May
and the first half of June, which coincides with the breeding period of Asian silver carp.

The annual mean June temperature is likely to be at least 1 °C warmer than pre-
industrial levels, and it is equally likely to be at least 1.5 °C over the next 5 years.

In conclusion, the phenomenon of increasing temperatures for May—June is continu-
ously increasing, favoring the appearance of changes in the local microclimate.

Although it is generally known that the biology of Asian carp kept in fish farms is
directly tied to their artificial reproduction, little is known about how they behave in the
Danube River. These fish species require a certain environmental requirement to be met in
their endemic habitats in the Asian rivers in order to achieve normal natural reproduction.
The following features of these conditions are the most crucial between 18 °C and at least
22 °C, the water’s temperature stabilized for a comparatively long amount of time amd
the persistence of the rising water level and its existence was up to 3 m?/second of water
flow. Additionally necessary is a specific amount of turbidity in the water and the proper
locations for the development and upbringing of the progeny in the Danube River that the
condition of silver carp spawning stimulation is also met [16].

As a result, there is not much of a reason for Asian carp to avoid spawning in the
Danube River’s main channel given the environmental factors. This is a sign that the
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fish population in this area is distributed quite uniformly, or, more likely, that adult silver
carp are actually migrating upstream for reproduction from the lower reaches of the river,
where they are looking for suitable spawning grounds [57]. The silver carp migration
typically takes place in June. Even in years like 1998, when the adult flocks contained fewer
individuals, this feature was evident. The results of an experimental fishing operation in
various locations upstream of the Danube Delta, where only individuals weighing more
than 4 kg possible spawners were recorded, provided conclusive proof of the massive
presence of Asian carp throughout the migration period [57].

The possibility for natural reproduction of Hypophthalmichthys molitrix and Hypoph-
thalmichthys nobilis has received little attention despite being widely introduced throughout
Europe, the majority of the time accidentally. We looked into the spawning environments
and the presence of young-of-the-year Hypophthalmichthys nobilis in an irrigation canal (in
Danube Delta polder area) network between 2011 and 2015. The canal network’s adult
bighead carp population consisted of big, probably mature fish with an average density
of 45.2 kg/ha (over 10-fold more than in the main river). The 29 young bighead carp
discovered ranged in size from 7.4 to 13.1 cm (TL) and 9.5 to 12.7 g. These juveniles
were estimated to be 94-100 days old based on otolith-derived spawning dates, which
put their fertilization and hatch dates around the mid-to-end of June [58]. The species is
more prevalent upstream from the delta due to its rheophilic nature and young specimens
of Hypophthalmichthys molitrix were observed in great numbers in the lakes of the upper
Danube Delta in 1992 [59].

As a result of effective natural spawning, which depends on two factors: water
temperatures over 22 °C and increased river velocity following spring and summer rainfalls,
from 2 to 5 km/h; the Danube River can offer optimal conditions for a significant number
of offspring and brood in some years [59]. Additionally, through our own expeditions in
the Danube Delta in the summer of 2020, in August we observed a shoal of 1-year-old fry of
Asian silver carp belonging to the species Hypophthalmichthys molitrix, on the Sontea channel
in the Danube Delta. Thus, without any doubt, we can say that the species reproduces
naturally at least in the Danube Delta, as well as in the lower Danube.

5. Nature of Nutrition

The silver carp has a unique feeding behavior, which is distinguished from the usual
movement by rapidity and vigor. The fish moves quickly when eating. Fish quickly absorb
water, seal their mouths, and discharge it through the operculum when feeding. Silver carp
fry appear to be active filter feeders [60]. They do not feed at very low particle densities [61].
Silver carp feeding spectrum includes a wide variety of species of phytoplankton and algae
that can be found in the Danube River. The most prevalent species are diatoms and green
algae. Due to the high turbidity of the water, cyanobacteria, and euglena in the Danube are
not highly diverse and do not achieve huge numbers. Comparatively, some zooplankton
can be found in the Danube channel but the average number of organisms, mostly rotifers,
and copepods, does not exceed 7000 in. (individuals)/m?® during the vegetation period and
increase to 14,000 in. m3 in the summer [62].

6. Ecological Effect and Conclusions

Since little is known about silver carp as an invader species in Europe, it is challenging
to predict the future ecological threats it involves. The majority of Asian carp predic-
tion models have prioritized the probable spread regions over the potential ecological
implications [63-65].

The environmental changes related to the damming of the major part of the Danube
River contributed to the decreasing number of fish species and to a general decrease in pop-
ulation size. In contrast, due to its extremely high fecundity (up to 5 million eggs/mature
female), the silver carp can quickly take over and outcompete native species causing enor-
mous damage to the entire ecosystem. There is abundant literature showing that their
numbers alone will quickly alter trophic niches of the native fish communities. This is
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also due to the fact that silver carp individuals consume up 40% of their body weight in
phytoplankton and zooplankton every day; therefore, they can quickly reduce the food
availability for juvenile fish, forage fish, native filter-feeding fish (shad), mussels, insects,
and other organisms that completely rely on phytoplankton and zooplankton as their only
food source [64,65]. Taking into account the information obtained from the Romanian
scientific literature, as well as the international literature dedicated to this species, we can
draw some conclusions regarding the existence of the species in the Danube Delta, as well
as in other suitable habitats.

Furthermore, Hypophthalmichthys molitrix has been reported, as previously mentioned,
in a large variety of water bodies on Romanian territory, some larger than 5 ha (hectares)
but not in lakes located in the mountain area, where water temperature is too low during
summer times for the species to reproduce.

In conclusion, the phenomenon of increasing temperatures for May-June, leads to
changes in the local microclimate, which in turn can have serious implications in the
evolution of the ichthyofauna. This is facilitating the expansion of some species, such as
the highly prolific silver carp, at the expense of others which are more sensitive to rapid
climate and environmental changes.

Therefore, it can be certainly said that the species investigated reproduces naturally in
Romanian rivers where the water temperature reaches or exceeds 22 °C at the beginning
of June, meaning in the lower course of the Romanian Danube, its tributaries, and the
Danube Delta.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/1ife12101582/s1, Figure S1: Map of the hydrographic network of Romania
with emphasis on the lower course of the Danube and the Danube Delta.

Author Contributions: Conceptualization, A.J. and B.-M.N.; methodology, A.J. and B.-M.N.; soft-
ware, V.J. and V.S.-L.; validation, B.-M.N.; formal analysis, A J.; investigation, A.J.; resources, S.F.;
data curation, D.EM.; writing—A.]. and B.-M.N.; writing—review and editing, D.EM. and A];
visualization, VJ. and V.S.-L.; supervision, B.-M.N.; project administration, A.J. and B.-M.N.; All
authors have read and agreed to the published version of the manuscript.

Funding: This work was supported partly by the project PROINVENT in the framework of Human
Resources Development Operational Programme 2014-2020, financed from the European Social Fund
under the contract number 62487/03.06.2022 POCU 993/6/13/-Code SMIS: 153299.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: This research was made possible with the support of Non-Governmental Re-
search Organization Biologic. We would like to thank to Cristian-Emilian Pop from Biologic for his
guidance, and to Emilian Pricop from the Piatra Neamt{ Museum of Natural Sciences, for the data
provided. Special thanks to Vasile Otel for the copyrights and information provided from his life-long
studies of fish species in Romania.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Panov, VE.; Alexandrov, B.; Arba¢iauskas, K.; Binimelis, R.; Copp, G.H.; Grabowski, M.; Lucy, F; Leuven, R.S.; Nehring, S.;
Paunovi¢, M.; et al. Assessing the Risks of Aquatic Species Invasions via European Inland Waterways: From Concepts to
Environmental Indicators. Integr. Environ. Assess. Manag. 2009, 5, 110-126. [CrossRef] [PubMed]

Joint FAO (Food and Agriculture Organization of the United Nations). Caramel Colours. Combined Compendium of Food
Additive Specification. Monograph 2011, 11, 1817-7077.

Shi, C.; Cui, J.; Yin, X.; Luo, Y.; Zhou, Z. Grape seed and clove bud extracts as natural antioxidants in silver carp (Hypoph-
thalmichthys molitrix) fillets during chilled storage: Effect on lipid and protein oxidation. Food Control 2014, 40, 134-139.
[CrossRef]


https://www.mdpi.com/article/10.3390/life12101582/s1
https://www.mdpi.com/article/10.3390/life12101582/s1
http://doi.org/10.1897/IEAM_2008-034.1
http://www.ncbi.nlm.nih.gov/pubmed/19431296
http://doi.org/10.1016/j.foodcont.2013.12.001

Life 2022, 12, 1582 12 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.
27.

28.

29.

30.

31.

Lazar, M.; Lazar, R. Studies concerning the biometrics, hematology and biochemistry of meat in carp (Cyprinus carpio). Lucr. $t.
USAMV-Fac. Zoo 2012, 57, 44-49.

Kachele, R.; Zhang, M.; Gao, Z.; Adhikari, B. Effect of vacuum packaging on the shelf-life of silver carp (Hypophthalmichthys
molitrix) fillets stored at 4 °C. LWT—Food Sci. Technol. 2017, 80, 163-168. [CrossRef]

Valipour, K.; Ariaii, F.; Khademi Shurmasti, P.D.; Nemati, M. Effect of chitosan edible coating enriched with Eucalyptus essential
oil and a-tocopherol on silver carp fillets quality during refrigerated storage. J. Food Saf. 2017, 37, 1-8.

Siddaiah, D.; Sagar Reddy, G.V.; Raju, C.V.; Chandrasekhar, T.C. Changes in lipids, proteins and kamaboko forming ability of
silver carp (Hypophthalmichthys molitrix) mince during frozen storage. Food Res. Int. 2001, 34, 47-53. [CrossRef]

Rezaei, F,; Shahbazi, Y. Shelf-life extension and quality attributes of sauced silver carp fillet: A comparison among direct addition,
edible coating and biodegradable film. LWT Food Sci. Technol. 2018, 87, 122-133. [CrossRef]

Kolar, C.S.; Chapman, D.C.; Courtenay, ].W.R.; Housel, C.M.; Williams, ].D.; Jennings, D.P. Bigheaded Carps: A Biological Synopsis
and Environmental Risk Assessment; American Fisheries Society Special Publication: Bethesda, MD, USA, 2007; Volume 33.
Molnar, T.; Lehoczky, I.; Meleg, E.E.; Boros, G.; Specziar, A.; Mozsar, A.; Vitdl, Z.; Jézsa, V.; Allele, W.; Urbanyi, B.; et al.
Comparison of the Genetic Structure of Invasive Bigheaded Carp (Hypophthalmichthys spp.) Populations in Central-European
Lacustrine and Riverine Habitats. Animals 2021, 11, 2018. [CrossRef]

National Agricultural Research and Innovation Center Research Institute of Agricultural Economics (NAIK AKI). Statistical
Reports. Harvest Reports 2019. Available online: http://repo.aki.gov.hu/3584/1/Lehalaszas_2019_kiadvany.pdf (accessed on
24 June 2021). (In Hungarian)

Ec.Europa.Eu. 2019. Available online: https://ec.europa.eu/environment/nature/invasivealien/docs/R_2016_1141_Union-
list2019-consolidation.pdf (accessed on 12 May 2021).

Cooke, S.L. Anticipating the spread and ecological effects of invasive bigheaded carps (Hypophthalmichthys spp.) in North
America: A review of modeling and other predictive studies. Biol. Invasions 2016, 18, 315-344. [CrossRef]

Zhang, G.; Chang, J.; Shu, G. Applications of factor-criteria system reconstruction analysis in the reproduction research on grass
carp, black carp, silver carp and bighead in the yangtze river. Int. |. Gen. Syst. 2000, 29, 419-428. [CrossRef]

Lehtonen, H. Alien Freshwater Fishes of Europe. In Invasive Aquatic Species of Europe. Distribution, Impacts and Management;
Leppakoski, E., Gollasch, S., Olenin, S., Eds.; Springer: Dordrecht, The Netherlands, 2002; pp. 153-161.

Milardi, M.; Chapman, D.; Lanzoni, M.; Long, ].M.; Castaldelli, G. First evidence of bighead carp wild recruitment in Western
Europe, and its relation to hydrology and temperature. PLoS ONE 2017, 12, €0189517. [CrossRef] [PubMed]

Woynarovich, A.; Moth-Poulsen, T.; Péteri, A. Carp Polyculture in Central and Eastern Europe, the Caucasus and Central Asia:
A Manual; FAO Fisheries and Aquaculture Technical Paper, 554; Food and Agriculture Organization of the United Nations: Rome,
Italy, 2010; p. 73.

Ciolac, A. The Asian carps from Romanian Danube River. Annals of the University. Dunarea De Jos Galati 2006, 21, 91-95.
Jankovic, D. Natural reproduction by Asiatic herbivorous fishes in the Yugoslav section of the River Danube. Ital. ]. Zool. 1998, 65,
227-228. [CrossRef]

Pinter, K. Exotic Fishes in Hungarian Waters: Their Importance in Fishery Utilization of Natural Water Bodies and Fish Farming.
Aquac. Res. 1980, 11, 163-167. [CrossRef]

Berry, P.Y.; Low, M.P. Comparative studies on some aspects of the morphology and histology of Ctenopharyngodon idellus,
Aristichthys nobilis, and their hybrid (Cyprinidae). Copeia 1970, 4, 708-726. [CrossRef]

Vasile, O. Fish Atlas of the Danube Delta Biosphere Reserve; National Research Institute for the Development of the Danube Delta
Tulcea, Publishing House of the Technological Information Center of the Danube Delta: Tulcea, Romania, 2007; pp. 200-203.
ISBN 978-973-88117-0-6.

Rose, G. Migration of Freshwater Fishes. Fish Fish. 2002, 3, 361-362. [CrossRef]

Borcea, I. Observations on Black Sea Migratory Fishes. Ann. Univ. lassy T 1927, XV.

Bamme, V.; Apostolou, A.; Bulat, D.; Dumitrascu, O.C.; Effenberger, M.; Eros, T.; Hortic, S.; Kovéc, V.; Simonovic, P. Fish.
Chapter 05. In Joint Danube Survey 4 Scientific Report: A Shared Analysis of the Danube River; Liska, 1., Wagner, F,, Sengl, M.,
Deutsch, K., Slobodnik, J., Paunovi “c, M., Eds.; ICPDR-International Commission for the Protection of the Danube River: Vienna,
Austria, 2021; pp. 41-54.

Manea, G. Sturgeons: Biology, Sturgeon Culture, and Sturgeon Culture Facilities; Ceres Publishing House: Bucharest, Romania, 1980.
Marinov, B. Pseudorasbora parva (Schlegel, 1842) (Pisces, Cyprinidae)—A new representative of the ichthyofauna of Bulgaria.
Hydrobiology 1979, 8, 7578, (In Bulgarian, English abstract).

Manolov, Z.; Sivkov, Y. Morphometrische Charakteristik eines fiir die Bulgarische Ichthyofauna neuen Fisches Pseudorasbora
parva (Shlegel). Bull. Du Mus. Natl. De Varna 1977, 13, 219-222, (In Bulgarian, German summary).

Nastase, A. New data concerning fish fauna from lakes of the fluvial Danube delta (Gorgova-Uzlina and SonteaFurtuna lake-
complexes, Romania) in 2010. Sci. Ann. Danub. Delta Inst. 2012, 18, 75-88.

Navodaru, I.; Nastase, A.; Cernisencu, 1. Study of ichthyofauna from Rosu-Puiu lake-complex. Sc. Ann. DDI Tulcea Rom. 2007,
1001, 13.

Vasile, A.; Gabriela, M. The Cyprinidae Health Condition from the Anthropical Ecosystem of the Galati, Analele Univ. “AlLL
Cuza” lasi, sectiunea I Biologie animala, Tom LII, 2006, Ed. Univ. “AlIL Cuza” Iasi, 87-93 ISSN: 1224-581X, 93-95. 2007. Available
online: http://scientific.thomsonreuters.com/cgibin/jrnlst/jlresults.cgi?PC=MASTER&ISSN (accessed on 20 July 2022).


http://doi.org/10.1016/j.lwt.2017.02.012
http://doi.org/10.1016/S0963-9969(00)00127-7
http://doi.org/10.1016/j.lwt.2017.08.068
http://doi.org/10.3390/ani11072018
http://repo.aki.gov.hu/3584/1/Lehalaszas_2019_kiadvany.pdf
https://ec.europa.eu/environment/nature/invasivealien/docs/R_2016_1141_Union-list2019-consolidation.pdf
https://ec.europa.eu/environment/nature/invasivealien/docs/R_2016_1141_Union-list2019-consolidation.pdf
http://doi.org/10.1007/s10530-015-1028-7
http://doi.org/10.1080/03081070008960949
http://doi.org/10.1371/journal.pone.0189517
http://www.ncbi.nlm.nih.gov/pubmed/29232384
http://doi.org/10.1080/11250009809386819
http://doi.org/10.1111/j.1365-2109.1980.tb00401.x
http://doi.org/10.2307/1442313
http://doi.org/10.1046/j.1467-2979.2002.00096.x
http://scientific.thomsonreuters.com/cgibin/jrnlst/jlresults.cgi?PC=MASTER&ISSN

Life 2022, 12, 1582 13 of 14

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

60.

Luca, C.; Manea, A.; Luca, A.; Dinischiotu, A.; Costache, M. Molecular phylogeny of the Romanian cyprinids from the Danube
River. Rom. Biotechnol. Lett. 2008, 13, 3970-3975.

Bulat, D.; Toderas, I; Usatii, M.; Biletchi, L.; Ene, A.; Bogdevici, O.; Denga, Y. Ichthyofauna diversity of the Prut River and the
major threats. In Proceedings of the International Conference “Environmental Challenges in Lower Danube Euroregion”, Galati,
Romania, 25-26 June 2015.

Costiniuc, C.D.; Gorgan, D.L. Researches about Tansa—Belcesti Lake’s Ihtiofauna; Analele Stiintifice ale Universitati “Al I. Cuza”,
Biologie animala, Tom L: Iasi, Romania, 2004; pp. 215-221. ISSN 1224-581X.

Nastase, A.; Iani, M.; Hont, S. Paraschiv, M. Fish fauna from Lower Romanian Mures River. Sci. Ann. Danub. Delta Inst. 2020, 25.
Bulat, D.; Bulat, D.; Ungureanu, L.; Dadu, A. Invasive ichthyofauna of the Lower Prut River ecosystem. In Environmental
Challenges in Lower Danube Euroregion. 25-26 iunie 2015, Galati; Casa Cartii de Stiinta: Cluj-Napoca, Romania, 2015; p. 36.

Luji¢, J.; Kosti¢, D.; gipoé, S.; Miljanovi¢, B. Fish as a biological indicator in assesing [i.e. assessing] water quality of the river
Tamis [Serbia]. In Proceedings of the 5th International Conference Aquaculture and Fishery, Belgrade, Serbia, 1-3 June 2011.
Teclean, I.C.; Cupsa, D. Fishfauna from the Lowland Mures River (Romania) and the Floodplain Natural Park Area (Western Romania);
University of Oradea Publishing House: Oradea, Romania, 2013.

Buchtova, H.; Jezek, F. A new look at the assessment of the silver carp (Hypophthalmichthys molitrix Val.) as a food fish. Czech ].
Food Sci. 2011, 29, 487-497. [CrossRef]

Luca, C.; Kevorkian, S.; Elvira, M.; Dinischiotu, A.; Costache, M. Romanian Cyprinids phylogeny based on 16s ARN mitochondrial
genes. Biotechnol. Anim. Husb. 2007, 23, 405-411. [CrossRef]

Bulat, D.; Bulat, D.; Davideanu, A.; Popescu, L.E.; Davideanu, G. Romania—Republic of Moldova joint study concerning the fish
fauna in Stanca-Costesti reservoir. Aquac. Aquar. Conserv. Legis. 2016, 9, 550-563.

Nastase, A.; Hont, S.; Iani, M.; Paraschiv, M.; Cernisencu, I.; Navodaru, I. Ecological status of fish fauna from Razim Lake and the
adjacent area, the Danube Delta Biosphere Reserve, Romania. Acta Ichthyol. Piscat. 2022, 52, 43-52. [CrossRef]

Nastase, A.; Otel, V.; Navodaru, I. Ecological status of fish fauna in Arms of the Danube Delta (Danube Delta Biosphere Reserve,
Romania) at the beginning of the third millennium. Acta Zool. Bulg. 2017, 69, 349-360.

Telcean, 1.C.; Cupsa, D. The backwaters and drainage canals as natural refuges for the lowland rivers’ fishfauna (Somes, Crisuri,
and Mures Rivers-north-western Romania). Biharean Biol. 2009, 3, 37-44.

Bouros, G.; Ionescu, D.T.; Hodor, C. Observation of Eurasian Otter’s Diel Activity Using Camera Trapping in Central-Eastern
Romania. Vestnik Zool. 2019, 53, 47-56. [CrossRef]

Cojocaru, C.D. Fish parasites of romania-an update. In Proceedings of the Sixth International Symposium on Aquatic Animal
Health, Global Strategies for a Changing Environment, Timisoara, Romania, 5-9 September 2010. [CrossRef]

Laszlo, A.; Béla, HK,; Sandor, N. Changes in fish assemblage in the Hungarian section of River Szamos/Somes after a massive
cyanide and heavy metal pollution. North-West. J. Zool. 2013, 9, 131-138.

Diop, B.; Sanz, N.; Duplan, Y].J.; Guene, E.H.M.; Blanchard, F,; Pereau, ].-C.; Doyen, L. Maximum Economic Yield Fishery
Management in the Face of Global Warming. Ecol. Econ. 2018, 154, 52-61. [CrossRef]

Ionita, M.; Rimbu, N.; Chelcea, S.; Patrut, S. Multidecadal variability of summer temperature over Romania and its relation with
Atlantic Multidecadal Oscillation. Theor. Appl. Climatol. 2013, 113, 305-315. [CrossRef]

Rimbu, N.; Stefan, S.; Necula, C. The variability of winter high temperature extremes in Romania and its relationship with
large-scale atmospheric circulation. Theor. Appl. Climatol. 2015, 121, 121-130. [CrossRef]

Cheng, J.; Xu, L.; Feng, W.; Fan, H.; Jiang, ]. Changes in Water Level Regimes in China’s Two Largest Freshwater Lakes:
Characterization and Implication. Water 2019, 11, 917. [CrossRef]

Simionov, I.A.; Petrea, S.M.; Mogodan, A.; Nica, A.; Cristea, D.; Neculita, M. Effect of changes in the Romanian lower sector
Danube River hydrological and hydrothermal regime on fish diversity. Sci. Pap. Ser. E. Land Reclam. Earth Obs. Surv. Environ. Eng.
2020, 106-111.

Ciolac, A. Migration of fishes in romanian danube river (N° 1). Appl. Ecol. Environ. Res. 2004, 2, 143-163. [CrossRef]

Fick, S.E.; Hijmans, R.J. WorldClim 2: New 1-km spatial resolution climate surfaces for global land areas. Int. J. Climatol. 2017, 37,
4302-4315. [CrossRef]

Harris, I; Jones, P.D.; Osborn, T.J.; Lister, D.H. Updated high-resolution grids of monthly climatic observations—The CRU TS3.10
Dataset. Int. ]. Climatol. 2014, 34, 623—-642. [CrossRef]

Available online: https://www.worldclim.org/data/monthlywth.html (accessed on 5 August 2022).

Staras, M.; Otel, V. The evidence regarding natural spawning of silver carp species Hypophthalmichthys molitrix (Valenciennes
1844) Val. in the Danube river. Sci. Ann. Danub. Delta Inst. 1999, 7, 183-187.

Staras, M.; Cernisencu, I.; Constantin, G. New data concerning presence of silver carp Hypophtalmichthys molitrix, Val in the
Danube river and Delta. Sci. Ann. Danub. Delta Inst. 1993, 2, 259-262.

Smith, D.W. The feeding selectivity of silver carp, Hypophthalmichthys molitrix (Valenciennes 1844) Val. . Fish Biol. 1989, 34,
819-828. [CrossRef]

Komarovsky, FY.; Karasina, EM.; Chernina, Z.V. Bioaccumulation of the persistent pesticides in fish of the Danube. Water Resour.
1993, 20, 520-522.


http://doi.org/10.17221/392/2010-CJFS
http://doi.org/10.2298/BAH0702405L
http://doi.org/10.3897/aiep.52.79646
http://doi.org/10.2478/vzoo-2019-0005
http://doi.org/10.13140/rg.2.1.1779.7204
http://doi.org/10.1016/j.ecolecon.2018.07.027
http://doi.org/10.1007/s00704-012-0786-8
http://doi.org/10.1007/s00704-014-1219-7
http://doi.org/10.3390/w11050917
http://doi.org/10.15666/aeer/02143163
http://doi.org/10.1002/joc.5086
http://doi.org/10.1002/joc.3711
https://www.worldclim.org/data/monthlywth.html
http://doi.org/10.1111/j.1095-8649.1989.tb03366.x

Life 2022, 12, 1582 14 of 14

61.

62.

63.

64.

65.

Trichkova, T.; Todorov, M.; Kenderov, M.; Hubenov, Z.; Botev, I.; Stefanov, T.; Georgiev, D.; Jurajda, P. Invasive Alien Species of
Benthic Macroinvertebrates and Fish in the Bulgarian Sector of the Danube River—Results of the Joint Danube Survey 4 (JDS4).
Water 2022, 14, 2299. [CrossRef]

Attayde, J.L.; van Nes, E.H.; Araujo, A.L; Corso, G.; Scheffer, M. Omnivory by planktivores stabilizes plankton dynamics, but
may either promote or reduce algal biomass. Ecosystems 2010, 13, 410-420. [CrossRef]

Currie, W.J.; Cuddington, K.M.; Stewart, T.].; Zhang, H.; Koops, M.A. Modelling Spread, Establishment and Impact of Bighead and
Silver Carps in the Great Lakes. No. 2011/113; DFO: Ottawa, ON, Canada, 2012.

Liu, Q.-G.; Chen, Y,; Li, J.-L.; Chen, L.-Q. The food web structure and ecosystem properties of a filter-feeding carps dominated
deep reservoir ecosystem. Ecol. Model. 2007, 203, 279-289. [CrossRef]

Xie, P. Gut contents of silver carp, Hypophthalmichthys molitrix (Valenciennes 1844), and the disruption of a centric diatom,
Cyclotella, on passage through the esophagus and intestine. Aquaculture 1999, 180, 295-305. [CrossRef]


http://doi.org/10.3390/w14152299
http://doi.org/10.1007/s10021-010-9327-4
http://doi.org/10.1016/j.ecolmodel.2006.11.028
http://doi.org/10.1016/S0044-8486(99)00205-7

	Introduction 
	External Morphology and Biology 
	When and How the Species Entered the Danube Delta and Romania 
	Water Temperature Suitable for Reproduction of Hypophthalmichthys molitrix 
	Nature of Nutrition 
	Ecological Effect and Conclusions 
	References

