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1 Native Range and Status in the United States

Native Range

This screening considers R. amarus as having a native range within Europe and Asia Minor,
following to the most recent accepted taxonomy, see “Remarks” below for more information.

From Froese and Pauly (2019):

“Europe: central and eastern Europe and northern Asia Minor [Kottelat 2006]. Basins of North,
southern Baltic, Black, western and southern Caspian and Aegean Seas (from Maritza to Struma
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drainages); Mediterranean basin, only in northern Rhéne (France) and Drin drainages (Alabania
[sic], Montenegro, Macedonia).”

“This species has become scarce [in the Czech Republic], especially in the drainage areas of the
rivers Labe and Odra [Lusk et al. 2004].”

“Occurs in the northeast quarter [of France] ([Muus and Dahlstrom 1968; Billard 1997] as
Rhodeus sericeus). Found in northern Rhone; [...]. Vulnerable [Keith et al. 1992]. Its biotope has
to be protected ("arrété du 8-12-1988). In "Annexe Il de la Directive Habitats-Faune-Flore" and
in "Annexe |11 de la Convention de Berne" [Keith and Allardi 2001].”

“Known from the Danube drainage [Germany] [Kottelat and Freyhof 2007]. Endangered in 1984
([Gerstmeier and Romig 1998] as Rhodeus sericeus).”

“Occurs in the Megali Prespa Lake [Greece] [Crivelli et al. 1997].”

“[In Montenegro] Known from the Drin drainage [Kottelat and Freyhof 2007]. Recorded from
the Strymonikos Gulf ([Koutrakis et al. 2000] as Rhodeus sericeus).”

“Known from the European Russia [Reshetnikov et al. 1997].”
From Freyhof and Kottelat (2008):

“Basins of North, southern Baltic, Black, western and southern Caspian and Aegean Seas (south
to Pinios drainage); Mediterranean basin, only in northern Rhone (France) and Drin drainages
(Albania, Montenegro, Macedonia).”

From Kozhara et al. (2007):

“Shatunovsky et al. (1988) defined the species [Rhodeus amarus] as being “rather rare” in the

Moscow province (Oka River basin) [western Russia] whilst, according to Sokolov & Tsepkin
(2000), the number of bitterlings in the Moskva River and most of its tributaries had increased
dramatically in the recent years. These data are particularly interesting, as the Moscow province
is likely the northernmost part of the bitterling range in the whole Caspian Sea catchment area.”

“Due to first bitterling record in the VVolgograd Reservoir [western Russia] soon after
construction of the Volga-Don shipping canal in 1952 (see Zhulidov et al. 2005), we believe that
the bitterling is unlikely to be a native species in the lower VVolga River section and consider this
canal as possible invasion corridor.”

Froese and Pauly (2019) list Rhodeus amarus as native to Iran, Turkey, Albania, Austria,
Belarus, Belgium, Bosnia Herzegovina, Bulgaria, Croatia, Czech Republic, France, Germany,
Greece, Hungary, Latvia, Lithuania, Macedonia, Moldova, Montenegro, Netherlands, Poland,
Romania, European Russia, Serbia (and Kosovo), Slovakia, Slovenia, Switzerland, and Ukraine.



Some researchers consider the native range of R. amarus to be restricted to Ponto-Caspian and
Aegean regions (southeastern Europe and adjacent regions of Asia Minor) with expansion into
western and central Europe only occurring within the last 300 years (Van Damme et al. 2007).

Status in the United States
From Schofield et al. (2005):

“The only known introductions of Bitterling into the U.S. were in the state of New York. The
species was introduced into the Sawmill and Bronx rivers sometime before 1925 (Dence, 1925;
Myers, 1925). No Bitterling have been collected in the Sawmill River since 1951, and that
population is assumed to be extirpated (Schmidt and others, 1981). In the early 1980s, the Bronx
River population was estimated to number only about 900 individuals and inhabit 1-2 km of the
river (Schmidt and McGurk, 1982). Although native mussels (needed for reproduction) still
occur in the Bronx River, the population of Bitterling appears to be declining (R. Schmidt,
personal commun., 2005; J. Rachlin, personal commun., 2005).”

According to Nico and Fuller (2019), the introduction to the Sawmill River was recorded as
Rhodeus amarus.

From FAO (2019):

“Rhodeus sericeus introduced to United States of America from Europe
Date of introduction: 1920s [...] Status of the introduced species in the wild: Established [...]
The introduced species is established through: Natural reproduction”

The above quotation from FAO (2019) states that R. sericeus was introduced from Europe. This
introduction may refer to R. amarus, based on the range of the species and due to confusion
around the taxonomy of these two closely related species. See “Remarks” for more information.

No records of Rhodeus amarus for sale within the United States were found. However, a listing
for a bitterling assortment, described as Rhodeus sp., was found for sale (LiveAquaria 2019).

Means of Introductions in the United States
From FAO (2019):

“Reasons of Introduction: 1) ornamental”
From Kozhara et al. (2007):
“The release from hobby aquaria may be another “transport vector”” which could especially be

important for long distances dispersal; this is the most plausible explanation of the bitterling
introduction to the USA (Bade 1926), [...]”



Remarks

There is considerable confusion around the taxonomy of R. amarus. Rhodeus amarus is
commonly confused with Rhodeus sericeus or sometimes considered the same species. However,
the current valid taxonomy considers them two separate species, primarily due to a wide
geographic gap between European and East Asian ranges of bitterling. This screening considers
R. amarus as having a native range within Europe and Asia Minor, following to the most recent
accepted taxonomy. However, much of the literature refers to R. sericeus as the bitterling whose
native range spans throughout parts of Europe (for example see quote from FAO (2019) in Status
in the United States, above). This screening will follow current accepted taxonomy and
information pertaining to populations in Europe will be considered valid for R. amarus. When
there is a discrepancy between the species identified in the literature and the interpretation used
in this screening, an explanation is provided below the corresponding quotation referring the
reader to this section for more detail. The following quotations within this section will provide
more information on the history of the taxonomic naming of bitterlings.

From Smith et al. (2004):

“The classification of the European bitterling has been problematic, because of its discontinuous
distribution across its range. In the west of its distribution, it is found in Europe and Asia Minor.
In the east, bitterling are reported from the River Amur system [forming the border of the
Russian Far East and China], Sakhalin Island and rivers emptying into Peter the Great Bay and
Sea of Japan (Hol¢ik, 1999). Western populations are sometimes considered a separate species,
R. amarus Bloch, distinct from the eastern R. sericeus. The western species was later reduced to
a subspecies of the eastern, with the designation R. sericeus amarus (Bloch) (Svetovidov &
Eremeev, 1935). However, Hol¢ik & Jedlicka (1994) demonstrated that the characters used to
separate the eastern and western species/subspecies were size and temperature dependent and
could not be reliably used to separate the two, reverting to the designation R. sericeus for both
the eastern and western populations. In a recent review of the taxonomy of European freshwater
fish, Kottelat (1997) re-classified the western bitterling as R. amarus, but without clear
justification.”

From Bogutskaya and Komlev (2001):

“The Amur common bitterling was described as Cyprinus sericeus by Pallas (1776) from River
Onon (Upper Amur system) and the European bitterling, Cyprinus amarus, some years later by
Bloch (1782) from River Elbe. They were considered to be close or conspecific by many authors,
for example, Dybowski (1869, 1877) and Warpachowski (1887). The study by Svetovidov and
Eremeyev (1935) showed that European and Asian bitterlings are slightly different in some
characters and proposed to give them a rank of subspecies of one and the same species.
According to their data, Rhodeus sericeus sericeus is characterized by D 111 9, 10 (11); A 11 8-
10; sq. I. 36-40; 1. 1. 5-10 (on the average 6.58), while Rhodeus sericeus amarus has a lower
number of pored scales (I. I. 4 to 6, averaging 5.24) as well as a slightly longer and deeper head
and a longer caudal peduncle. Besides these, Svetovidov and Eremeyev (1935) considered
Rhodeus sinensis Giinther, 1868 to be a subspecies of R. sericeus which is only different in
having a wider 3rd infraorbital bone.”



“Rhodeus sericeus and R. amarus are treated again as distinct species by Kottelat (1997) since
the Europen [sic] and East Asian stocks are unarguably distinct lineages separated for an
estimated 2 to 4 million years (data from Hol¢ik, Jedlicka, 1994) by 4000 km. Having based on
data of these authors, Kottelat considered them to be diagnosable by modal values of lateral line
pored scales (4-6 in R. amarus vs. 6-7 in R. sericeus, ranges 0-9 and 4-10 respectively) and gill-
rakers (10-12, vs. 12-14; ranges 9-13, vs. 9-16). The author realizes that the differences between
the two stocks are slight but, to his opinion, when taken together with the huge geographic
distance they give enough reason for considering both stocks as two species under the
Phylogenetic Species Concept.”

From Bohlen et al. (2006):

“The reconstruction of the phylogenetic relationships of bitterlings from the EMZS (European-
Mediterranean zoogeographic subregion) and the Amur basin revealed that the bitterlings from
the Amur form the sister-clade to all bitterlings from the EMZS. This finding contradicts the
former hypothesis that based on morphological investigations that the populations in East Asia
derived from European populations. Our genetic data show four major lineages within the
EMZS, indicating the existence of a higher diversity than previously known. We suggest to used
[sic] for the East Asian populations the scientific name Rhodeus sericeus, for the population in
the River Vardar in Greece R. meridionalis [a separate population from the one mentioned in
Greece in “Native Range” above], for the population from River Notabeni in Georgia R.
colchicus and for the populations from Central and Eastern Europe R. amarus.”

From Bryja et al. (2010):

“R. amarus populations decreased considerably during the 1970s and 1980s, especially in
western Europe, and were included in most European conservation lists, including the EC
Habitat Directive (Lelek 1987; Kirchhofer & Hefti 1996; European Commission 2002).
However, the trend recently appears to have reversed; population numbers of R. amarus have
increased throughout Europe and the extent of its distribution now considerably exceeds its
recent formerly described range (Kottelat & Freyhof 2007; Kozhara et al. 2007).”

2 Biology and Ecology

Taxonomic Hierarchy and Taxonomic Standing
From Fricke et al. (2019):

“Current Status: Valid as Rhodeus amarus (Bloch, 1782).”
From ITIS (2019):

Kingdom Animalia
Subkingdom Bilateria
Infrakingdom Deuterostomia
Phylum Chordata
Subphylum Vertebrata



Infraphylum Gnathostomata
Superclass Actinopterygii
Class Teleostei

Superorder Ostariophysi

Order Cypriniformes
Superfamily Cyprinoidea
Family Cyprinidae
Genus Rhodeus Agassiz
Species Rhodeus amarus (Bloch, 1782)

Size, Weight, and Age Range
From Froese and Pauly (2019):

“Maturity: Lm 5.5, range 3-6 cm

Max length : 11.2 cm TL male/unsexed; [Verreycken et al. 2011]; common length : 5.0 cm TL
male/unsexed; [Muus and Dahlstrom 1968]; max. reported age: 5 years [Vostradovsky 1973]”
“Live span is exceptionally up to 5 years but most individuals do not survive the year of their

first reproduction and population sizes fluctuate greatly over the years [Kottelat and Freyhof
2007].”

Environment
From Froese and Pauly (2019):

“Freshwater; benthopelagic; depth range 0 - ? m.”

From Van Damme et al. (2007):

“[...] has an optimum temperature for reproduction (23 °C) [...]”

From Kozhara et al. (2007):

“On the other hand, the bitterlings reach high numbers in estuarine habitats, i.e. in the South Bug
estuary and in the Don River delta near Azov [southwestern Russia] in a zone with frequent
brackish water inflow (see also Koutrakis et al 2000). In the coastal zone of the Azov Sea, the

water salinity ranges from 3,4 to 10,1 g dm™ in spring and from 5,6 to 12,3 g dm™ in autumn
(our unpublished data).”

Climate/Range
From Froese and Pauly (2019):

“Temperate; 60°N - 40°N”

From Van Damme et al. (2007):



“The European bitterling is undoubtedly thermophilic; the northern limit of its distribution is not
defined by geography but by climate, approximately coinciding with the 16 °C July isotherm.”

Distribution Outside the United States

Native
This screening considers R. amarus as having a native range within Europe and Asia Minor,
following to the most recent accepted taxonomy, see “Remarks” above for more information.

From Froese and Pauly (2019):

“Europe: central and eastern Europe and northern Asia Minor [Kottelat 2006]. Basins of North,
southern Baltic, Black, western and southern Caspian and Aegean Seas (from Maritza to Struma
drainages); Mediterranean basin, only in northern Rhéne (France) and Drin drainages (Alabania
[sic], Montenegro, Macedonia).”

“This species has become scarce [in the Czech Republic], especially in the drainage areas of the
rivers Labe and Odra [Lusk et al. 2004].”

“Occurs in the northeast quarter [of France] ([Muus and Dahlstrom 1968; Billard 1997] as
Rhodeus sericeus). Found in northern Rhone; [...]. Vulnerable [Keith et al. 1992]. Its biotope has
to be protected (“arrété du 8-12-1988). In "Annexe Il de la Directive Habitats-Faune-Flore" and
in "Annexe III de la Convention de Berne" [Keith and Allardi 2001].”

“Known from the Danube drainage [Germany] [Kottelat and Freyhof 2007]. Endangered in 1984
([Gerstmeier and Romig 1998] as Rhodeus sericeus).”

“Occurs in the Megali Prespa Lake [Greece] [Crivelli et al. 1997].”

“[In Montenegro] Known from the Drin drainage [Kottelat and Freyhof 2007]. Recorded from
the Strymonikos Gulf ([Koutrakis et al. 2000] as Rhodeus sericeus).”

“Known from the European Russia [Reshetnikov et al. 1997].”
From Freyhof and Kottelat (2008):

“Basins of North, southern Baltic, Black, western and southern Caspian and Aegean Seas (south
to Pinios drainage); Mediterranean basin, only in northern Rhéne (France) and Drin drainages
(Albania, Montenegro, Macedonia).”

Froese and Pauly (2019) list Rhodeus amarus as native to Iran, Turkey, Albania, Austria,
Belarus, Belgium, Bosnia Herzegovina, Bulgaria, Croatia, Czech Republic, France, Germany,
Greece, Hungary, Latvia, Lithuania, Macedonia, Moldova, Montenegro, Netherlands, Poland,
Romania, European Russia, Serbia (and Kosovo), Slovakia, Slovenia, Switzerland, and Ukraine.



Some researchers consider the native range of R. amarus to be restricted to Ponto-Caspian and
Aegean regions with expansion into western and central Europe only occurring within the last
300 years (Van Damme et al. 2007).

Introduced
From Froese and Pauly (2019):

“Discovered in a small pond north of Copenhagen [Denmark] in October 1997. Apparently
introduced, but the large number of specimens, the age and size range, ovipositor females, and
presence of bivalves essential for spawning, all indicate that spawning has taken place in the
pond. The number of lateral line scales allies the population to the European subspecies

R. sericeus amarus [now valid as R. amarus] [Mgller and Menne 1998].”

“An introduced species [in Estonia] [Kottelat and Freyhof 2007]. Occurrence not supported by
[Anonymous 1999; “Systematic list of Estonian fishes” which does not include R. amarus].” (No
further information could be found about the presence of R. amarus in Estonia.)

“Introduced to northern Italy [established] [Kottelat and Freyhof 2007]. Recorded from
northeastern Italy and is locally dominant along with the topomouth gudgeon and gambusia
[Bianco 2014].”

“This [Rhodeus amarus] has been translocated to areas within the country, rapidly expanded its
range and is now widely established in the country [in Russia] [Bogutskaya and Naseka 2002].
Has become invasive in Don and Kuban drainages in southern Russia [Kottelat and Freyhof
2007].”

“Introduced to Great Britain [established] [Kottelat and Freyhof 2007]. [...] Introduced range in
England linked to presence of Unionid mussels.”

“Introduced to Crimea [Ukraine] [Kottelat and Freyhof 2007].”
From Freyhof and Kottelat (2008):

“Invasive in France in southern Rhéne and west of Seine, in southern Russia in Don and Kuban
drainages. Introduced to Great Britain and northern Italy.”

From Kozhara et al. (2007):

“According to Dgebuadze & Skomorokhov (2002), bitterlings were never recorded in the
Glubokoye Lake [Russia] located about 60 km west of Moscow City until the first record in 2000
when the bitterling was already found to be a common fish in the lake.”

“In 1999, we simultaneously and independently discovered the bitterling in two different
sections of the Kuban River basin [Russia, north of Black Sea] situated well apart from each
other: the delta and the foothill zone of the Laba River, the largest tributary of the Kuban River
[...] (Kozhara & Poznyak 2001, see also Pashkov et al. 2004, Pashkov 2005). Moreover, A.



Zhulidov had captured 8 bitterling specimens in the lower Kuban River near Temryuk [Russia]
yet in 1996, but these data remained hitherto unpublished. Although Vasileva (2003) considered
the bitterling as a new native species for the Kuban River basin, the regional and national
checkilists of the fish fauna published in Russia until late 1990s show that this species has never
been recorded in the Kuban River basin (Berg 1949, Troitsky & Tsunikova 1988, Yemtyl 1997,
Reshetnikov 1998, 2003). It is highly unlikely that it might have occurred but was overlooked as
the basin is in faunistic respect thoroughly and frequently investigated. The bitterling appeared to
be very common in both Kuban sites mentioned above and we therefore suggest that it may have
entered the basin even before 1996.”

“A single bitterling specimen was captured in the inland Maly Uzen River in the Saratov
province [western Russia] in 1990 during our ichthyological survey [...]. As the bitterling was
never registered east of the VVolga River basin, we assume that it has arrived in the Maly Uzen
River via the Volgograd Reservoir through the irrigation canal network.”

“In 2002, we recorded bitterlings in the upper reaches of the Kara-Sal River [western Russia], a
lower Don River tributary from where it was previously unknown [...]. [...] Despite this, the
bitterling has spread upstream successfully. Two damaged bitterling specimens have been
reported in 1994 at the water intake of the Konakovo thermoelectric power station near the
Ivankovo Reservoir [western Russia] on the upper Volga River (Yakovlev et al. 2001).
Presumably bitterlings have penetrated into the upper VVolga from the Oka River basin [western
Russia] via the Moskva-Volga canal, although this is an upstream migration through a series of
dams. It remains unclear, whether this species has formed a self-sustaining population in the
upper Volga River basin.”

“Furthermore, the bitterling has been recently registered in small rivers and ponds of the Ararat
valley in the Republic of Armenia. Bitterlings presumably have arrived from the Aras River, and
seem to continue spreading (Pipoyan 1996, Pipoyan & Tigranian 2002). A very interesting
record in its spread is the recent finding of this species in the upper Ural River tributaries
(Chibilev 2004). The bitterling had never been known from the Ural River basin [north of the
Caspian Sea in western Kazakhtstan into southern Russia] (Shaposhnikova 1964) and the way of
its penetration to this river system remains unclear.”

Means of Introduction Outside the United States
From Kozhara et al. (2007):

“There might be two principal ways of bitterling spread outside its historical range. Firstly, it
actively spreads throughout continuous waterway systems, both downstream and upstream, and
the general increase in bitterling numbers undoubtedly favour its range extension. In particular,
the high abundance of bitterling larvae and early juvenile fish in the drift communities noted in
some lowland rivers suggests that drifting can also be a successive way of dispersal across the
floodplain (Reichard et al. 2002). However, countercurrent upstream migration evidently
prevails now in the bitterling dispersal throughout Russia and adjacent countries.”

“Secondly, an unintentional introduction of this species may be assumed. The bitterling is a
popular object of aquaculture and, moreover, it is of some importance for anglers as a bait fish
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(Aslanidi & Shavkin 1999, Sokolov & Tsepkin 2000). Bait transport may be responsible for
short-distance spread between isolated water bodies and for “spread” across migration barriers
such as river dams. Dgebuadze & Skomorokhov (2002) supposed bait as introducing vector of
the bitterling into the Glubokoye Lake (Moscow province). The release from hobby aquaria may
be another “transport vector” which could especially be important for long distances dispersal,
this is the most plausible explanation of the bitterling introduction to [...] Britain (Wheeler &
Maintland 1973) and other European countries where it has been successfully established in the
wild.”

“This rapid bitterling expansion appears to take place quite independently and synchronically in
geographically distant basins: in the upper and lower VVolga River basin, the Kuban River in
Russia and the Aras River drainage basin in Armenia. Therefore, we assume that a global or
macroregional factor triggers the spread of the bitterling. Since the geographical distribution of
this species suggests that its dispersal northwards and eastwards is limited by low temperatures,
we speculate that the climate change in Europe may be one possible factor to support its spread.”

From Froese and Pauly (2019):

“May have been introduced [to the UK] for ornamental reasons.”

From Van Damme et al. (2007):

“Adult bitterling resemble juvenile common carp and share similar habitat preferences. Thus,
when young carp ‘seed” were collected and stored in vats or the flooded compartments of river

barges used for transporting live fish it is probable that bitterling were often exported with
them.”

Short Description
From Froese and Pauly (2019):

“Dorsal spines (total): 3; Dorsal soft rays (total): 8-10; Anal spines: 3; Anal soft rays: 8 - 10;
Vertebrae: 34 - 36. Caudal fin with 19 to 20 soft rays. Differs from Rhodeus meridionalis by
having sub-inferior mouth (vs. terminal), rostral cap covering all or at least more than half of
upper lip (vs. only upper part of upper lip) [Kottelat and Freyhof 2007].”

From Van Damme et al. (2007):

“Adult bitterling resemble juvenile common carp and share similar habitat preferences.”

“During the spawning season males develop bright nuptial coloration [...]”

Biology
From Froese and Pauly (2019):

“Occurs most abundantly in still or slow-flowing water with dense aquatic vegetation and sand-
silt bottom as lowland ponds, canals, slow-flowing rivers, backwaters and oxbows, where
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mussels are present [Kottelat and Freyhof 2007]. Found among plants over sand and muddy
bottoms in shallow waters. Remarkable for its habit of deposing its eggs in the cavity of bivalves
(Unio). Feeds mainly on plants and to a lesser degree on worms, crustaceans, and insect larvae.”

“Spawns in clear, slow-running or still water, often with a muddy bottom. The presence of
nearby freshwater mussels is of vital importance.”

From Freyhof and Kottelat (2008):

“Spawns for the first time at one year and about 30-35 mm SL. Lives exceptionally up to five
years but most individuals do not survive the year of their first reproduction and populations
sizes fluctuate greatly over the years. Spawns in April-August.”

From Van Damme et al. (2007):

“During the spawning season males develop bright nuptial coloration and defend territories
around mussels. Female bitterling develop long ovipositors that they use to place their eggs onto
the gills of a mussel through the mussel’s exhalant siphon. Males fertilize the eggs by releasing
sperm into the inhalant siphon of the mussel, so that water filtered by the mussel carries the
sperm to the eggs. Between 1 and 6 eggs are released each spawning, and mussels may contain
over 250 developing embryos on their gills. Embryos reside inside the mussel for approximately
1 month during which time they develop into actively swimming larvae.”

Human Uses
From Froese and Pauly (2019):

“Fisheries: of no interest; aquarium: commercial; bait: occasionally”

“Formerly used for pregnancy tests: females injected with urine from pregnant women protruded
their ovipositors [Maitland and Campbell 1992].”

Froese and Pauly (2019) state that Rhodeus amarus is exported from Austria for the ornamental
trade.

From Kozhara et al. (2007):

“The bitterling is a popular object of aquaculture and, moreover, it is of some importance for
anglers as a bait fish (Aslanidi & Shavkin 1999, Sokolov & Tsepkin 2000).”

Diseases
No records of OIE reported diseases (OIE 2019) were found for Rhodeus amarus.

According to Poelen et al. (2014) Rhodeus amarus can be a host to the following parasites:
Gyrodactylus rhodei and Ligula intestinalis.
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Threat to Humans
From Froese and Pauly (2019):

“Harmless”

3 Impacts of Introductions

This screening considers R. amarus as having a native range within Europe and Asia Minor,
following to the most recent accepted taxonomy, see “Remarks” above for more information.

From Reichard et al. (2006; concerning populations in central Europe where R. amarus may not
be native):

“The relationship between R. sericeus [possibly referring to R. amarus] and mussels has
popularly been considered mutualistic on the premise that bitterling use mussels as spawning
sites, while the mussel benefits by using bitterling as hosts for their glochidia (e.g. Wheeler,
1978). However, recent studies have shown the evidence for a mutualistic relationship to be
weak.”

“In the present study, we found experimental evidence for a direct cost to mussels associated
with hosting R. sericeus [possibly referring to R. amarus] embryos. Mussels that hosted

R. sericeus embryos suffered significantly reduced growth over the entire growing season [...].
Because there is strong evidence across several unionid mussel species (including our study
species) that mussel size is positively correlated with fecundity (Bauer, 1994), any reduction in
mussel growth will directly translate into a fitness cost. This result demonstrates that R. sericeus
are parasites of their mussel hosts, at least in Europe.”

“Rhodeus sericeus [possibly referring to R. amarus], as a recent invader of Central and West
Europe, may represent a parasite exploiting host populations that did not have sufficient time to
evolve counter adaptations.”

The following information details potential impacts. No information about actual demonstrated
impacts from introductions were found.

From Bryja et al. (2010):

“Notably, R. amarus is a parasite of threatened and declining populations of unionid mussels
(Karatayev et al. 1997; Reichard et al. 2006) and, at least in western and central Europe [may be
outside native range according to Van Damme et al. 2007], appears to use evolutionary naive
hosts for oviposition (Reichard et al. 2007, 2010). Recent research on bitterling has addressed the
co-evolutionary relationship between these fish and freshwater mussels (Reichard et al. 2006,
2007, 2010). Proper resolution of the phylogeographical and historical status of the European
bitterling will be crucial to an understanding of the evolutionary context of their relationship with
freshwater mussels and impacts upon them.”
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From Van Damme et al. (2007):

“Bitterling embryos may also have an adverse effect on mussel physiology; possibly competing
with their host mussel for oxygen (Smith et al. 2001), or affect mussel gill filtration
(Stadnichenko and Stadnichenko 1980). In addition, the presence of developing embryos of
bitterling on the gills of mussels halts mussel growth, and may thereby affect their fecundity
(Reichard et al. 2006). Thus, it would appear that the bitterling is a parasite of mussels, at least in
the west of their distribution. Ongoing research suggests the relationship may vary, depending on
the duration of historical association between bitterling and mussel populations.”

From Kozhara et al. 2007:

“However, in some other countries, such as the United Kingdom, the species [Rhodeus amarus]
has established successfully and is already considered as potential threat [potential parasitization
of unionid mussels] to local species (see Reichard et al. 2006, 2007). For example, in the United
Kingdom the bitterling is subject to the Wildlife and Countryside Act 1981 (WCA) regulating
the cultivation and release of nonnative fish species into the wild.”

The following information uses the name Rhodeus sericeus, but based on information in the texts
these populations are most likely correctly identified as R. amarus. To clarify, Schmidt and
McGurk (1982) and Reichard et al. (2006) both use the species name R. sericeus, but also refer
to the species as the “European bitterling”. The European bitterling is now considered to be

R. amarus (see “Remarks” for more information). Further, Breder (1933) uses the species name
R. amarus to discuss the introduction of bitterling to the United States. This information also
pertains to potential impacts or lack of impacts from introductions and shows no scientifically
defensible documented impacts.

From Schmidt and McGurk (1982; concerning the population in the Bronx River, New York):

“Bitterlings [possibly referring to R. amarus] feed primarily on diatoms and the digestive system
is typical of a surface scraping herbivore. Impact of this exotic species on the ecosystem appears
minimal. It is unlikely that the species would cause appreciable negative impact on any habitat in
the northeastern United States.”

“The bitterling's small size and herbivorous diet preclude the species from being a serious
predator on other fishes. It is unlikely that it would compete with native species for food since
only the golden shiner may possibly utilize the same food source (Scott & Crossman, 1979). Its
small population size would indicate that the bitterling could not possibly reduce the standing
crop of diatoms in the river.”

From Breder (1933):

“Since Rhodeus in Europe [possibly referring to R. amarus] is definitely known to regularly use
both Unio pictorum (Linnaeus) and Anodonta cygnea (Linnaeus) [unionid mussels in the native
range of R. amarus] at least, it would seem that a large variety of mussels can serve satisfactorily
for the reproductive needs. Wording it another way, it seems unlikely that the particular
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distribution of any of the numerous species of larger fresh-water bivalves restricts the
distribution of this cyprinid.”

“In the due course of time post larval bitterling appeared [in the observation aquarium],
presumably incubated within the shells of either Unio complanatus (Dillwyn) or Anodonta
cataracta Say, or both [both native to the United States where R. amarus is not native]. These,
the offspring of not more than five females, numbered about one hundred.”

4 Global Distribution

Figure 1. Known global distribution of Rhodeus amarus. Observations are in New York, the
United Kingdom, France, Belgium, Luxembourg, the Netherlands, Germany, Demark,
Switzerland, Italy, Austria, Czech Republic, Poland, Estonia, Belarus, Ukraine, Slovakia,
Hungary, Slovenia, Croatia, Bosnia and Herzegovina, Serbia, Montenegro, Kosovo, Romania,
Bulgaria, Macedonia, Albania, Greece, Turkey, and Iran. Map from GBIF Secretariat (2019).
The point located in the ocean off the coast of France was not used to select source points for the
climate match because there is no evidence suggesting that this species is found in a marine
environment. The points located in the United States (New York) were not used to select source
points for the climate match because the population in Sawmill River is assumed to be extirpated
since the 1950s. There were no points available for the population in the Bronx River. The
location in Estonia was not used to select source points for the climate match because it is
unknown if R. amarus has established a population in that country.

Additional known observations of Rhodeus amarus in Russia and Ukraine were given in
Kozhara et al. (2007).
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5 Distribution Within the United States
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Figure 2. Known distribution of Rhodeus amarus in the United States. Locations are all in New
York. Map from BISON (2019). The points located in New York were not used to select source
points for the climate match because the population in Sawmill River is assumed to be extirpated
since the 1950s. All points represent specimens collected in the Sawmill River where the species
IS extirpated; there were no georeferenced observations found representing the population in the
Bronx River.

6 Climate Matching

Summary of Climate Matching Analysis

The climate match for Rhodeus amarus was medium to high for most of the contiguous United
States. There were small areas of low climate match in the in the Pacific Northwest, southern
Arizona, the Gulf Coast, and southern Atlantic Coast. Areas of high match were concentrated in
coastal southern New England, the Great Lakes basin, southern Appalachian Mountains, and in
scattered pockets in the western plains and Rocky Mountains. The Climate 6 score (Sanders et al.
2018; 16 climate variables; Euclidean distance) for the contiguous United States was 0.585, high
(scores 0.103 and greater are classified as high). All States had high individual Climate 6 scores
except for Georgia, South Carolina, and Texas, which had medium scores, and Alabama, Florida,
Louisiana, and Mississippi, which had low scores.
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Lithuania, Slovenia,
, Montenegro, Albania,

Kazakhstan, Iran) and non-source locations (gray)

Switzerland, Italy, Luxembourg,
Belarus,

Slovakia,

, Romania, Slovenia, Croatia, Bosnia and Herzegovina
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for Rhodeus amarus climate matching. Source locations from Kozhara et al. (2007) and GBIF
and do not necessarily represent the locations of occurrences themselves.

Secretariat (2019). Selected source locations are within 100 km of one or more species
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locations (red;
occurrences,



0's: 181
1s: 184
2s: 669
Is: 1574
4's: 4040
Bs: 7191
6's: 12892
T's: 5752
8s: 844
9s 10
10's: 0

Species: Rhodeus amarus : AN
Scenario: Current o 25 450 500 120 N i ;e ). @
Climate6: 0.585 ——____—— WU A

High: ARAZCACOCTDC DEIAID ILIN KS KY MAMD ME MI MN MO MT NC ND NE NH NJNM NV NY OHOK OR PARISD TN UTVAVT WAWI WV WY |
Medium: GASC TX

Low ALAS FL GU LAMP MS PR VI R A MJP
Figure 4. Map of RAMP (Sanders et al. 2018) climate matches for Rhodeus amarus in the
contiguous United States based on source locations reported by Kozhara et al. (2007) and GBIF
Secretariat (2019). Counts of climate match scores are tabulated on the left. 0= Lowest match,
10=Highest match.

The “High”, “Medium”, and “Low” climate match categories are based on the following table:

Climate 6: Proportion of Climate Match
(Sum of Climate Scores 6-10) / (Sum of total Climate Scores) | Category
0.000<X<0.005 Low
0.005<X<0.103 Medium
>0.103 High

7 Certainty of Assessment

The biology and ecology of Rhodeus amarus is well documented. Due to a history of taxonomic
confusion (see Remarks, above), R. amarus has been commonly confused with the related

R. sericeus. This causes some discrepancies with information found in the literature and
difficulty in determining which species the information actually pertains. One peer-reviewed,
scientifically defensible study documenting negative impacts from an introduction was found.
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However, this information was published using the name R. sericeus. Based on the information
in the paper the authors of this screening believe that paper to actually refer to R. amarus.
Additionally, based on all available information it is uncertain that the population of R. amarus
studied in that paper is actually outside the native range for the species. There were many records
that speculated about potential impacts and mechanisms for impact. Certainty of assessment for
Rhodeus amurus is Medium.

8 Risk Assessment

Summary of Risk to the Contiguous United States

European bitterling (Rhodeus amarus) is a minnow species native to much of eastern Europe and
western Asia. The method of reproduction is worth noting as it parasitizes unionid mussels with
its eggs and larvae. R. amarus also has a history of human usage in the ornamental trade, in
aquaculture, and as bait fish. The history of invasiveness is High. The species has been
introduced outside of its native range in Europe and western Asia and has established
populations. It was probably introduced to New York (some uncertainty if introductions are

R. amarus or R. sericeus). If this is the species that was introduced, there is a possibility of a
persisting population in the Bronx River. In a European location that may be outside the native
range, the parasitic spawning method of the fish reduces mussel fitness and potentially
abundance as mussels parasitized during R. amarus reproduction showed significantly reduced
growth. The overall climate match was high for the contiguous United States. Small areas of low
match could be found in coastal areas of the Southeast and in pockets in the west; everywhere
else had medium and high matches. The certainty of assessment is medium. Scientifically
defensible information on impacts of introductions was available but there is also the difficulty in
determining what information actually pertains to R. amarus due to the long history of
taxonomic confusion with R. sericeus. The overall risk assessment category is High.

Assessment Elements
e History of Invasiveness (Sec. 3): High
e Climate Match (Sec. 6): High
e Certainty of Assessment (Sec. 7): Medium
e Remarks/Important additional information: Often confused with Rhodeus sericeus.
e Overall Risk Assessment Category: High
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	1  Native Range and Status in the United States 
	Figure
	Native Range 
	This screening considers R. amarus as having a native range within Europe and Asia Minor, following to the most recent accepted taxonomy, see “Remarks” below for more information. 
	 
	From Froese and Pauly (2019): 
	 
	“Europe: central and eastern Europe and northern Asia Minor [Kottelat 2006]. Basins of North, southern Baltic, Black, western and southern Caspian and Aegean Seas (from Maritza to Struma 
	drainages); Mediterranean basin, only in northern Rhône (France) and Drin drainages (Alabania [sic], Montenegro, Macedonia).” 
	 
	“This species has become scarce [in the Czech Republic], especially in the drainage areas of the rivers Labe and Odra [Lusk et al. 2004].” 
	 
	“Occurs in the northeast quarter [of France] ([Muus and Dahlström 1968; Billard 1997] as Rhodeus sericeus). Found in northern Rhône; […]. Vulnerable [Keith et al. 1992]. Its biotope has to be protected ("arrêté du 8-12-1988). In "Annexe II de la Directive Habitats-Faune-Flore" and in "Annexe III de la Convention de Berne" [Keith and Allardi 2001].” 
	 
	“Known from the Danube drainage [Germany] [Kottelat and Freyhof 2007]. Endangered in 1984 ([Gerstmeier and Romig 1998] as Rhodeus sericeus).” 
	 
	“Occurs in the Megali Prespa Lake [Greece] [Crivelli et al. 1997].” 
	 
	“[In Montenegro] Known from the Drin drainage [Kottelat and Freyhof 2007]. Recorded from the Strymonikos Gulf ([Koutrakis et al. 2000] as Rhodeus sericeus).” 
	 
	“Known from the European Russia [Reshetnikov et al. 1997].” 
	 
	From Freyhof and Kottelat (2008): 
	 
	“Basins of North, southern Baltic, Black, western and southern Caspian and Aegean Seas (south to Pinios drainage); Mediterranean basin, only in northern Rhône (France) and Drin drainages (Albania, Montenegro, Macedonia).” 
	 
	From Kozhara et al. (2007): 
	 
	“Shatunovsky et al. (1988) defined the species [Rhodeus amarus] as being “rather rare” in the Moscow province (Oka River basin) [western Russia] whilst, according to Sokolov & Tsepkin (2000), the number of bitterlings in the Moskva River and most of its tributaries had increased dramatically in the recent years. These data are particularly interesting, as the Moscow province is likely the northernmost part of the bitterling range in the whole Caspian Sea catchment area.” 
	 
	“Due to first bitterling record in the Volgograd Reservoir [western Russia] soon after construction of the Volga-Don shipping canal in 1952 (see Zhulidov et al. 2005), we believe that the bitterling is unlikely to be a native species in the lower Volga River section and consider this canal as possible invasion corridor.” 
	 
	Froese and Pauly (2019) list Rhodeus amarus as native to Iran, Turkey, Albania, Austria, Belarus, Belgium, Bosnia Herzegovina, Bulgaria, Croatia, Czech Republic, France, Germany, Greece, Hungary, Latvia, Lithuania, Macedonia, Moldova, Montenegro, Netherlands, Poland, Romania, European Russia, Serbia (and Kosovo), Slovakia, Slovenia, Switzerland, and Ukraine. 
	 
	Some researchers consider the native range of R. amarus to be restricted to Ponto-Caspian and Aegean regions (southeastern Europe and adjacent regions of Asia Minor) with expansion into western and central Europe only occurring within the last 300 years (Van Damme et al. 2007). 
	 
	Status in the United States 
	From Schofield et al. (2005): 
	 
	“The only known introductions of Bitterling into the U.S. were in the state of New York. The species was introduced into the Sawmill and Bronx rivers sometime before 1925 (Dence, 1925; Myers, 1925). No Bitterling have been collected in the Sawmill River since 1951, and that population is assumed to be extirpated (Schmidt and others, 1981). In the early 1980s, the Bronx River population was estimated to number only about 900 individuals and inhabit 1-2 km of the river (Schmidt and McGurk, 1982). Although nat
	 
	According to Nico and Fuller (2019), the introduction to the Sawmill River was recorded as Rhodeus amarus.  
	 
	From FAO (2019):  
	 
	“Rhodeus sericeus introduced to United States of America from Europe Date of introduction: 1920s […] Status of the introduced species in the wild: Established […] The introduced species is established through: Natural reproduction” 
	 
	The above quotation from FAO (2019) states that R. sericeus was introduced from Europe. This introduction may refer to R. amarus, based on the range of the species and due to confusion around the taxonomy of these two closely related species. See “Remarks” for more information. 
	 
	No records of Rhodeus amarus for sale within the United States were found. However, a listing for a bitterling assortment, described as Rhodeus sp., was found for sale (LiveAquaria 2019). 
	 
	Means of Introductions in the United States 
	From FAO (2019): 
	 
	“Reasons of Introduction: 1) ornamental” 
	 
	From Kozhara et al. (2007): 
	 
	“The release from hobby aquaria may be another “transport vector” which could especially be important for long distances dispersal; this is the most plausible explanation of the bitterling introduction to the USA (Bade 1926), […]” 
	 
	Remarks 
	There is considerable confusion around the taxonomy of R. amarus. Rhodeus amarus is commonly confused with Rhodeus sericeus or sometimes considered the same species. However, the current valid taxonomy considers them two separate species, primarily due to a wide geographic gap between European and East Asian ranges of bitterling. This screening considers R. amarus as having a native range within Europe and Asia Minor, following to the most recent accepted taxonomy. However, much of the literature refers to 
	 
	From Smith et al. (2004): 
	 
	“The classification of the European bitterling has been problematic, because of its discontinuous distribution across its range. In the west of its distribution, it is found in Europe and Asia Minor. 
	In the east, bitterling are reported from the River Amur system [forming the border of the Russian Far East and China], Sakhalin Island and rivers emptying into Peter the Great Bay and Sea of Japan (Holčík, 1999). Western populations are sometimes considered a separate species, R. amarus Bloch, distinct from the eastern R. sericeus. The western species was later reduced to a subspecies of the eastern, with the designation R. sericeus amarus (Bloch) (Svetovidov & Eremeev, 1935). However, Holčík & Jedlička (1
	 
	From Bogutskaya and Komlev (2001): 
	 
	“The Amur common bitterling was described as Cyprinus sericeus by Pallas (1776) from River Onon (Upper Amur system) and the European bitterling, Cyprinus amarus, some years later by Bloch (1782) from River Elbe. They were considered to be close or conspecific by many authors, for example, Dybowski (1869, 1877) and Warpachowski (1887). The study by Svetovidov and Eremeyev (1935) showed that European and Asian bitterlings are slightly different in some characters and proposed to give them a rank of subspecies
	 
	“Rhodeus sericeus and R. amarus are treated again as distinct species by Kottelat (1997) since the Europen [sic] and East Asian stocks are unarguably distinct lineages separated for an estimated 2 to 4 million years (data from Holčík, Jedlička, 1994) by 4000 km. Having based on data of these authors, Kottelat considered them to be diagnosable by modal values of lateral line pored scales (4-6 in R. amarus vs. 6-7 in R. sericeus, ranges 0-9 and 4-10 respectively) and gill-rakers (10-12, vs. 12-14; ranges 9-13
	 
	From Bohlen et al. (2006): 
	 
	“The reconstruction of the phylogenetic relationships of bitterlings from the EMZS (European-Mediterranean zoogeographic subregion) and the Amur basin revealed that the bitterlings from the Amur form the sister-clade to all bitterlings from the EMZS. This finding contradicts the former hypothesis that based on morphological investigations that the populations in East Asia derived from European populations. Our genetic data show four major lineages within the EMZS, indicating the existence of a higher divers
	 
	From Bryja et al. (2010): 
	 
	“R. amarus populations decreased considerably during the 1970s and 1980s, especially in western Europe, and were included in most European conservation lists, including the EC Habitat Directive (Lelek 1987; Kirchhofer & Hefti 1996; European Commission 2002). However, the trend recently appears to have reversed; population numbers of R. amarus have increased throughout Europe and the extent of its distribution now considerably exceeds its recent formerly described range (Kottelat & Freyhof 2007; Kozhara et a
	 
	2  Biology and Ecology 
	Figure
	Taxonomic Hierarchy and Taxonomic Standing 
	From Fricke et al. (2019): 
	 
	“Current Status: Valid as Rhodeus amarus (Bloch, 1782).” 
	 
	From ITIS (2019): 
	 
	Kingdom Animalia 
	   Subkingdom Bilateria 
	      Infrakingdom Deuterostomia 
	         Phylum Chordata 
	Subphylum Vertebrata 
	   Infraphylum Gnathostomata 
	      Superclass Actinopterygii 
	         Class Teleostei 
	Superorder Ostariophysi 
	   Order Cypriniformes 
	      Superfamily Cyprinoidea 
	         Family Cyprinidae 
	Genus Rhodeus Agassiz 
	   Species Rhodeus amarus (Bloch, 1782) 
	 
	Size, Weight, and Age Range 
	From Froese and Pauly (2019): 
	 
	“Maturity: Lm 5.5, range 3 - 6 cm Max length : 11.2 cm TL male/unsexed; [Verreycken et al. 2011]; common length : 5.0 cm TL male/unsexed; [Muus and Dahlstrӧm 1968]; max. reported age: 5 years [Vostradovsky 1973]” 
	 
	“Live span is exceptionally up to 5 years but most individuals do not survive the year of their first reproduction and population sizes fluctuate greatly over the years [Kottelat and Freyhof 2007].” 
	 
	Environment 
	From Froese and Pauly (2019): 
	 
	“Freshwater; benthopelagic; depth range 0 - ? m.” 
	 
	From Van Damme et al. (2007): 
	 
	“[…] has an optimum temperature for reproduction (23 ºC) […]” 
	 
	From Kozhara et al. (2007): 
	 
	“On the other hand, the bitterlings reach high numbers in estuarine habitats, i.e. in the South Bug estuary and in the Don River delta near Azov [southwestern Russia] in a zone with frequent brackish water inflow (see also Koutrakis et al 2000). In the coastal zone of the Azov Sea, the water salinity ranges from 3,4 to 10,1 g dm-3 in spring and from 5,6 to 12,3 g dm-3 in autumn (our unpublished data).” 
	 
	Climate/Range 
	From Froese and Pauly (2019): 
	 
	“Temperate; 60°N - 40°N” 
	 
	From Van Damme et al. (2007): 
	 
	“The European bitterling is undoubtedly thermophilic; the northern limit of its distribution is not defined by geography but by climate, approximately coinciding with the 16 ºC July isotherm.” 
	 
	Distribution Outside the United States 
	Native  
	This screening considers R. amarus as having a native range within Europe and Asia Minor, following to the most recent accepted taxonomy, see “Remarks” above for more information. 
	 
	From Froese and Pauly (2019): 
	 
	“Europe: central and eastern Europe and northern Asia Minor [Kottelat 2006]. Basins of North, southern Baltic, Black, western and southern Caspian and Aegean Seas (from Maritza to Struma drainages); Mediterranean basin, only in northern Rhône (France) and Drin drainages (Alabania [sic], Montenegro, Macedonia).” 
	 
	“This species has become scarce [in the Czech Republic], especially in the drainage areas of the rivers Labe and Odra [Lusk et al. 2004].” 
	 
	“Occurs in the northeast quarter [of France] ([Muus and Dahlström 1968; Billard 1997] as Rhodeus sericeus). Found in northern Rhône; […]. Vulnerable [Keith et al. 1992]. Its biotope has to be protected ("arrêté du 8-12-1988). In "Annexe II de la Directive Habitats-Faune-Flore" and in "Annexe III de la Convention de Berne" [Keith and Allardi 2001].” 
	 
	“Known from the Danube drainage [Germany] [Kottelat and Freyhof 2007]. Endangered in 1984 ([Gerstmeier and Romig 1998] as Rhodeus sericeus).” 
	 
	“Occurs in the Megali Prespa Lake [Greece] [Crivelli et al. 1997].” 
	 
	“[In Montenegro] Known from the Drin drainage [Kottelat and Freyhof 2007]. Recorded from the Strymonikos Gulf ([Koutrakis et al. 2000] as Rhodeus sericeus).” 
	 
	“Known from the European Russia [Reshetnikov et al. 1997].” 
	 
	From Freyhof and Kottelat (2008): 
	 
	“Basins of North, southern Baltic, Black, western and southern Caspian and Aegean Seas (south to Pinios drainage); Mediterranean basin, only in northern Rhône (France) and Drin drainages (Albania, Montenegro, Macedonia).” 
	 
	Froese and Pauly (2019) list Rhodeus amarus as native to Iran, Turkey, Albania, Austria, Belarus, Belgium, Bosnia Herzegovina, Bulgaria, Croatia, Czech Republic, France, Germany, Greece, Hungary, Latvia, Lithuania, Macedonia, Moldova, Montenegro, Netherlands, Poland, Romania, European Russia, Serbia (and Kosovo), Slovakia, Slovenia, Switzerland, and Ukraine. 
	 
	Some researchers consider the native range of R. amarus to be restricted to Ponto-Caspian and Aegean regions with expansion into western and central Europe only occurring within the last 300 years (Van Damme et al. 2007). 
	 
	Introduced 
	From Froese and Pauly (2019): 
	 
	“Discovered in a small pond north of Copenhagen [Denmark] in October 1997. Apparently introduced, but the large number of specimens, the age and size range, ovipositor females, and presence of bivalves essential for spawning, all indicate that spawning has taken place in the pond. The number of lateral line scales allies the population to the European subspecies R. sericeus amarus [now valid as R. amarus] [Møller and Menne 1998].” 
	 
	“An introduced species [in Estonia] [Kottelat and Freyhof 2007]. Occurrence not supported by [Anonymous 1999; “Systematic list of Estonian fishes” which does not include R. amarus].” (No further information could be found about the presence of R. amarus in Estonia.) 
	 
	“Introduced to northern Italy [established] [Kottelat and Freyhof 2007]. Recorded from northeastern Italy and is locally dominant along with the topomouth gudgeon and gambusia [Bianco 2014].” 
	 
	“This [Rhodeus amarus] has been translocated to areas within the country, rapidly expanded its range and is now widely established in the country [in Russia] [Bogutskaya and Naseka 2002]. Has become invasive in Don and Kuban drainages in southern Russia [Kottelat and Freyhof 2007].” 
	 
	“Introduced to Great Britain [established] [Kottelat and Freyhof 2007]. […] Introduced range in England linked to presence of Unionid mussels.” 
	 
	“Introduced to Crimea [Ukraine] [Kottelat and Freyhof 2007].” 
	 
	From Freyhof and Kottelat (2008): 
	 
	“Invasive in France in southern Rhône and west of Seine, in southern Russia in Don and Kuban drainages. Introduced to Great Britain and northern Italy.” 
	 
	From Kozhara et al. (2007): 
	 
	“According to Dgebuadze & Skomorokhov (2002), bitterlings were never recorded in the Glubokoye Lake [Russia] located about 60 km west of Moscow City until the first record in 2000 when the bitterling was already found to be a common fish in the lake.” 
	 
	“In 1999, we simultaneously and independently discovered the bitterling in two different sections of the Kuban River basin [Russia, north of Black Sea] situated well apart from each other: the delta and the foothill zone of the Laba River, the largest tributary of the Kuban River […] (Kozhara & Poznyak 2001, see also Pashkov et al. 2004, Pashkov 2005). Moreover, A. 
	Zhulidov had captured 8 bitterling specimens in the lower Kuban River near Temryuk [Russia] yet in 1996, but these data remained hitherto unpublished. Although Vasiľeva (2003) considered the bitterling as a new native species for the Kuban River basin, the regional and national checklists of the fish fauna published in Russia until late 1990s show that this species has never been recorded in the Kuban River basin (Berg 1949, Troitsky & Tsunikova 1988, Yemtyl 1997, Reshetnikov 1998, 2003). It is highly unlik
	 
	“A single bitterling specimen was captured in the inland Maly Uzen River in the Saratov province [western Russia] in 1990 during our ichthyological survey […]. As the bitterling was never registered east of the Volga River basin, we assume that it has arrived in the Maly Uzen River via the Volgograd Reservoir through the irrigation canal network.” 
	 
	“In 2002, we recorded bitterlings in the upper reaches of the Kara-Sal River [western Russia], a lower Don River tributary from where it was previously unknown […]. […] Despite this, the bitterling has spread upstream successfully. Two damaged bitterling specimens have been reported in 1994 at the water intake of the Konakovo thermoelectric power station near the Ivankovo Reservoir [western Russia] on the upper Volga River (Yakovlev et al. 2001). Presumably bitterlings have penetrated into the upper Volga f
	 
	“Furthermore, the bitterling has been recently registered in small rivers and ponds of the Ararat valley in the Republic of Armenia. Bitterlings presumably have arrived from the Aras River, and seem to continue spreading (Pipoyan 1996, Pipoyan & Tigranian 2002). A very interesting record in its spread is the recent finding of this species in the upper Ural River tributaries (Chibilev 2004). The bitterling had never been known from the Ural River basin [north of the Caspian Sea in western Kazakhtstan into so
	 
	Means of Introduction Outside the United States 
	From Kozhara et al. (2007): 
	 
	“There might be two principal ways of bitterling spread outside its historical range. Firstly, it actively spreads throughout continuous waterway systems, both downstream and upstream, and the general increase in bitterling numbers undoubtedly favour its range extension. In particular, the high abundance of bitterling larvae and early juvenile fish in the drift communities noted in some lowland rivers suggests that drifting can also be a successive way of dispersal across the floodplain (Reichard et al. 200
	 
	“Secondly, an unintentional introduction of this species may be assumed. The bitterling is a popular object of aquaculture and, moreover, it is of some importance for anglers as a bait fish 
	(Aslanidi & Shavkin 1999, Sokolov & Tsepkin 2000). Bait transport may be responsible for short-distance spread between isolated water bodies and for “spread” across migration barriers such as river dams. Dgebuadze & Skomorokhov (2002) supposed bait as introducing vector of the bitterling into the Glubokoye Lake (Moscow province). The release from hobby aquaria may be another “transport vector” which could especially be important for long distances dispersal; this is the most plausible explanation of the bit
	 
	“This rapid bitterling expansion appears to take place quite independently and synchronically in geographically distant basins: in the upper and lower Volga River basin, the Kuban River in Russia and the Aras River drainage basin in Armenia. Therefore, we assume that a global or macroregional factor triggers the spread of the bitterling. Since the geographical distribution of this species suggests that its dispersal northwards and eastwards is limited by low temperatures, we speculate that the climate chang
	 
	From Froese and Pauly (2019): 
	 
	“May have been introduced [to the UK] for ornamental reasons.” 
	 
	From Van Damme et al. (2007): 
	 
	“Adult bitterling resemble juvenile common carp and share similar habitat preferences. Thus, when young carp ‘seed’ were collected and stored in vats or the flooded compartments of river barges used for transporting live fish it is probable that bitterling were often exported with them.” 
	 
	Short Description 
	From Froese and Pauly (2019): 
	 
	“Dorsal spines (total): 3; Dorsal soft rays (total): 8-10; Anal spines: 3; Anal soft rays: 8 - 10; Vertebrae: 34 - 36. Caudal fin with 19 to 20 soft rays. Differs from Rhodeus meridionalis by having sub-inferior mouth (vs. terminal), rostral cap covering all or at least more than half of upper lip (vs. only upper part of upper lip) [Kottelat and Freyhof 2007].” 
	 
	From Van Damme et al. (2007): 
	 
	“Adult bitterling resemble juvenile common carp and share similar habitat preferences.” 
	 
	“During the spawning season males develop bright nuptial coloration […]” 
	 
	Biology 
	From Froese and Pauly (2019): 
	 
	“Occurs most abundantly in still or slow-flowing water with dense aquatic vegetation and sand-silt bottom as lowland ponds, canals, slow-flowing rivers, backwaters and oxbows, where 
	mussels are present [Kottelat and Freyhof 2007]. Found among plants over sand and muddy bottoms in shallow waters. Remarkable for its habit of deposing its eggs in the cavity of bivalves (Unio). Feeds mainly on plants and to a lesser degree on worms, crustaceans, and insect larvae.” 
	 
	“Spawns in clear, slow-running or still water, often with a muddy bottom. The presence of nearby freshwater mussels is of vital importance.” 
	 
	From Freyhof and Kottelat (2008): 
	 
	“Spawns for the first time at one year and about 30-35 mm SL. Lives exceptionally up to five years but most individuals do not survive the year of their first reproduction and populations sizes fluctuate greatly over the years. Spawns in April-August.” 
	 
	From Van Damme et al. (2007): 
	 
	“During the spawning season males develop bright nuptial coloration and defend territories around mussels. Female bitterling develop long ovipositors that they use to place their eggs onto the gills of a mussel through the mussel’s exhalant siphon. Males fertilize the eggs by releasing sperm into the inhalant siphon of the mussel, so that water filtered by the mussel carries the sperm to the eggs. Between 1 and 6 eggs are released each spawning, and mussels may contain over 250 developing embryos on their g
	 
	Human Uses 
	From Froese and Pauly (2019): 
	 
	“Fisheries: of no interest; aquarium: commercial; bait: occasionally” 
	 
	“Formerly used for pregnancy tests: females injected with urine from pregnant women protruded their ovipositors [Maitland and Campbell 1992].” 
	 
	Froese and Pauly (2019) state that Rhodeus amarus is exported from Austria for the ornamental trade. 
	 
	From Kozhara et al. (2007): 
	 
	“The bitterling is a popular object of aquaculture and, moreover, it is of some importance for anglers as a bait fish (Aslanidi & Shavkin 1999, Sokolov & Tsepkin 2000).” 
	 
	Diseases 
	No records of OIE reported diseases (OIE 2019) were found for Rhodeus amarus. 
	 
	According to Poelen et al. (2014) Rhodeus amarus can be a host to the following parasites: Gyrodactylus rhodei and Ligula intestinalis.  
	 
	Threat to Humans 
	From Froese and Pauly (2019): 
	 
	“Harmless” 
	 
	3  Impacts of Introductions 
	Figure
	This screening considers R. amarus as having a native range within Europe and Asia Minor, following to the most recent accepted taxonomy, see “Remarks” above for more information. 
	 
	From Reichard et al. (2006; concerning populations in central Europe where R. amarus may not be native): 
	 
	“The relationship between R. sericeus [possibly referring to R. amarus] and mussels has popularly been considered mutualistic on the premise that bitterling use mussels as spawning sites, while the mussel benefits by using bitterling as hosts for their glochidia (e.g. Wheeler, 1978). However, recent studies have shown the evidence for a mutualistic relationship to be weak.” 
	 
	“In the present study, we found experimental evidence for a direct cost to mussels associated with hosting R. sericeus [possibly referring to R. amarus] embryos. Mussels that hosted R. sericeus embryos suffered significantly reduced growth over the entire growing season […]. Because there is strong evidence across several unionid mussel species (including our study species) that mussel size is positively correlated with fecundity (Bauer, 1994), any reduction in mussel growth will directly translate into a f
	 
	“Rhodeus sericeus [possibly referring to R. amarus], as a recent invader of Central and West Europe, may represent a parasite exploiting host populations that did not have sufficient time to evolve counter adaptations.” 
	 
	The following information details potential impacts. No information about actual demonstrated impacts from introductions were found. 
	 
	From Bryja et al. (2010): 
	 
	“Notably, R. amarus is a parasite of threatened and declining populations of unionid mussels (Karatayev et al. 1997; Reichard et al. 2006) and, at least in western and central Europe [may be outside native range according to Van Damme et al. 2007], appears to use evolutionary naive hosts for oviposition (Reichard et al. 2007, 2010). Recent research on bitterling has addressed the co-evolutionary relationship between these fish and freshwater mussels (Reichard et al. 2006, 2007, 2010). Proper resolution of t
	 
	From Van Damme et al. (2007): 
	 
	“Bitterling embryos may also have an adverse effect on mussel physiology; possibly competing with their host mussel for oxygen (Smith et al. 2001), or affect mussel gill filtration (Stadnichenko and Stadnichenko 1980). In addition, the presence of developing embryos of bitterling on the gills of mussels halts mussel growth, and may thereby affect their fecundity (Reichard et al. 2006). Thus, it would appear that the bitterling is a parasite of mussels, at least in the west of their distribution. Ongoing res
	 
	From Kozhara et al. 2007: 
	 
	“However, in some other countries, such as the United Kingdom, the species [Rhodeus amarus] has established successfully and is already considered as potential threat [potential parasitization of unionid mussels] to local species (see Reichard et al. 2006, 2007). For example, in the United Kingdom the bitterling is subject to the Wildlife and Countryside Act 1981 (WCA) regulating the cultivation and release of nonnative fish species into the wild.” 
	 
	The following information uses the name Rhodeus sericeus, but based on information in the texts these populations are most likely correctly identified as R. amarus. To clarify, Schmidt and McGurk (1982) and Reichard et al. (2006) both use the species name R. sericeus, but also refer to the species as the “European bitterling”. The European bitterling is now considered to be R. amarus (see “Remarks” for more information). Further, Breder (1933) uses the species name R. amarus to discuss the introduction of b
	 
	From Schmidt and McGurk (1982; concerning the population in the Bronx River, New York): 
	 
	“Bitterlings [possibly referring to R. amarus] feed primarily on diatoms and the digestive system is typical of a surface scraping herbivore. Impact of this exotic species on the ecosystem appears minimal. It is unlikely that the species would cause appreciable negative impact on any habitat in the northeastern United States.” 
	 
	“The bitterling's small size and herbivorous diet preclude the species from being a serious predator on other fishes. It is unlikely that it would compete with native species for food since only the golden shiner may possibly utilize the same food source (Scott & Crossman, 1979). Its small population size would indicate that the bitterling could not possibly reduce the standing crop of diatoms in the river.” 
	 
	From Breder (1933):  
	 
	“Since Rhodeus in Europe [possibly referring to R. amarus] is definitely known to regularly use both Unio pictorum (Linnaeus) and Anodonta cygnea (Linnaeus) [unionid mussels in the native range of R. amarus] at least, it would seem that a large variety of mussels can serve satisfactorily for the reproductive needs. Wording it another way, it seems unlikely that the particular 
	distribution of any of the numerous species of larger fresh-water bivalves restricts the distribution of this cyprinid.” 
	 
	“In the due course of time post larval bitterling appeared [in the observation aquarium], presumably incubated within the shells of either Unio complanatus (Dillwyn) or Anodonta cataracta Say, or both [both native to the United States where R. amarus is not native]. These, the offspring of not more than five females, numbered about one hundred.” 
	 
	4  Global Distribution 
	Figure
	 
	 
	Figure
	Figure 1. Known global distribution of Rhodeus amarus. Observations are in New York, the United Kingdom, France, Belgium, Luxembourg, the Netherlands, Germany, Demark, Switzerland, Italy, Austria, Czech Republic, Poland, Estonia, Belarus, Ukraine, Slovakia, Hungary, Slovenia, Croatia, Bosnia and Herzegovina, Serbia, Montenegro, Kosovo, Romania, Bulgaria, Macedonia, Albania, Greece, Turkey, and Iran. Map from GBIF Secretariat (2019). The point located in the ocean off the coast of France was not used to sele
	 
	Additional known observations of Rhodeus amarus in Russia and Ukraine were given in Kozhara et al. (2007). 
	 
	5  Distribution Within the United States 
	Figure
	 
	 
	Figure
	Figure 2. Known distribution of Rhodeus amarus in the United States. Locations are all in New York. Map from BISON (2019). The points located in New York were not used to select source points for the climate match because the population in Sawmill River is assumed to be extirpated since the 1950s. All points represent specimens collected in the Sawmill River where the species is extirpated; there were no georeferenced observations found representing the population in the Bronx River. 
	 
	6  Climate Matching 
	Figure
	Summary of Climate Matching Analysis 
	The climate match for Rhodeus amarus was medium to high for most of the contiguous United States. There were small areas of low climate match in the in the Pacific Northwest, southern Arizona, the Gulf Coast, and southern Atlantic Coast. Areas of high match were concentrated in coastal southern New England, the Great Lakes basin, southern Appalachian Mountains, and in scattered pockets in the western plains and Rocky Mountains. The Climate 6 score (Sanders et al. 2018; 16 climate variables; Euclidean distan
	 
	 
	Figure
	Figure 3. RAMP (Sanders et al. 2018) source map showing weather stations selected as source locations (red; United Kingdom, France, Belgium, Netherlands, Switzerland, Italy, Luxembourg, Germany, Austria, Czech Republic, Denmark, Poland, Slovakia, Belarus, Lithuania, Slovenia, Hungary, Ukraine, Romania, Slovenia, Croatia, Bosnia and Herzegovina, Montenegro, Albania, Macedonia, Bulgaria, Greece, Turkey, Russia, Kazakhstan, Iran) and non-source locations (gray) for Rhodeus amarus climate matching. Source locat
	 
	 
	Figure
	Figure 4. Map of RAMP (Sanders et al. 2018) climate matches for Rhodeus amarus in the contiguous United States based on source locations reported by Kozhara et al. (2007) and GBIF Secretariat (2019). Counts of climate match scores are tabulated on the left. 0= Lowest match, 10=Highest match. 
	 
	The “High”, “Medium”, and “Low” climate match categories are based on the following table: 
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	7  Certainty of Assessment 
	Figure
	The biology and ecology of Rhodeus amarus is well documented. Due to a history of taxonomic confusion (see Remarks, above), R. amarus has been commonly confused with the related R. sericeus. This causes some discrepancies with information found in the literature and difficulty in determining which species the information actually pertains. One peer-reviewed, scientifically defensible study documenting negative impacts from an introduction was found. 
	However, this information was published using the name R. sericeus. Based on the information in the paper the authors of this screening believe that paper to actually refer to R. amarus. Additionally, based on all available information it is uncertain that the population of R. amarus studied in that paper is actually outside the native range for the species. There were many records that speculated about potential impacts and mechanisms for impact. Certainty of assessment for Rhodeus amurus is Medium. 
	 
	8  Risk Assessment 
	Figure
	Summary of Risk to the Contiguous United States 
	European bitterling (Rhodeus amarus) is a minnow species native to much of eastern Europe and western Asia. The method of reproduction is worth noting as it parasitizes unionid mussels with its eggs and larvae. R. amarus also has a history of human usage in the ornamental trade, in aquaculture, and as bait fish. The history of invasiveness is High. The species has been introduced outside of its native range in Europe and western Asia and has established populations. It was probably introduced to New York (s
	 
	Assessment Elements 
	 History of Invasiveness (Sec. 3): High 
	 History of Invasiveness (Sec. 3): High 
	 History of Invasiveness (Sec. 3): High 

	 Climate Match (Sec. 6): High 
	 Climate Match (Sec. 6): High 

	 Certainty of Assessment (Sec. 7): Medium  
	 Certainty of Assessment (Sec. 7): Medium  

	 Remarks/Important additional information: Often confused with Rhodeus sericeus. 
	 Remarks/Important additional information: Often confused with Rhodeus sericeus. 

	 Overall Risk Assessment Category: High 
	 Overall Risk Assessment Category: High 
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