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1 Native Range and Status in the United States

Native Range
From Freyhof and Kottelat (2008):

“Austria; Azerbaijan; Belarus; Belgium; Bosnia and Herzegovina; Bulgaria; China; Croatia;
Czechia; Denmark; Estonia; Finland; France; Georgia; Germany; Hungary; Italy; Kazakhstan;
Latvia; Liechtenstein; Lithuania; Luxembourg; Moldova; Mongolia; Montenegro; Netherlands;
North Macedonia; Norway; Poland; Romania; Russian Federation; Serbia; Slovakia; Slovenia;
Sweden; Switzerland; Ukraine; United Kingdom; Uzbekistan.”



From Froese and Pauly (2023a):

“Europe: Caspian, Black, Baltic and North Sea basins; Great Britain; north to about 69° N in
Scandinavia. Asia: Aral Sea basin, Arctic Ocean basin eastward to Kolyma drainage.”

“Occurs in adjacent or contiguous drainage basins to Afghanistan [Coad 1981].”
“Occurs in Ergishi and Yili rivers and Ulungur lake [China; Walker and Yang 1999].”
“Found from waters on the borders of Iran or confluent with Iranian drainages.”
“Present in Neusiedler See [Austria; Wolfram-Wais et al. 1999].”

“Occurs in Odra and Morava river basins [Czech Republic; Hanel 2003].”

“Occurs throughout [Denmark] except Bornholm and Vendsyssel [Frier 1994].”

“[In Estonia:] Commercially taken from Lake Peipus [Anonymous 1999]. Abundant in the Gulf
of Riga and common in Gulf of Finland [Ojaveer and Pihu 2003].”

“Occurs through the country [Finland] except in the northern Lappland.”

“[In Germany:] Rhine common, Neckar rare [Glnther 1853]. Found in the Elbe estuary [Thiel et
al. 2003].”

“Known from Danube [Hungary; Kottelat and Freyhof 2007].”
“Southern tip of Norway.”

“[In Russia:] Known from Arctic Ocean basin eastward to Kolyma drainage [Kottelat and
Freyhof 2007; Muus and Dahlstrém 1968; Bogutskaya 2005]. Recorded from rivers Don
[Bogutskaya and Naseka 2002a], Kuban [Bogutskaya and Naseka 2002b], Volga [Bogutskaya
and Naseka 2002c] and Onega [Bogutskaya 2005].”

“Danube area of Serbia [Gerstmeier and Romig 1998].”

“Known from Bruunsviken Bay, Uppland Sweden [Near 2002]. Found in the southern Bothnian
Sea [Sweden; Thorman 1986].”

Status in the United States

According to Fuller et al. (2023), occurrences of Gymnocephalus cernua have been reported
from the following States (years of reports and watersheds given after State name):

e Michigan (1994-2019; Betsy-Chocolay, Black-Presque Isle, Cheboygan, Keweenaw
Peninsula, Lake Huron, Lake Michigan, Lake Superior, Lone Lake-Ocqueoc,
Ontonagon, St. Marys, Sturgeon, Thunder Bay, Waiska)



e Minnesota (1986-2016; Beaver-Lester, Lake Superior, St. Louis)
e Wisconsin (1986-2016; Bad-Montreal, Beartrap-Nemadji, Lake Michigan, Lake
Superior, St. Louis)

Simpson et al. (2023) classify G. cernua as having a self-sustaining population in the United
States outside of captivity or cultivation.

From Fuller et al. (2024):

“The ruffe was first identified by Wisconsin DNR in specimens collected from the St. Louis
River at the border of Minnesota and Wisconsin in 1987 (Pratt 1988; Pratt et al. 1992; CzypinskKi
et al. 1999, 2000, 2001, 2003). Following that report, reexamination of archived samples
revealed misidentified larval specimens of ruffe had been collected from the same area in 1986
(Pratt 1988). The ruffe subsequently spread into Duluth Harbor in Lake Superior and several
tributaries of the lake (Underhill 1989; Czypinski et al. 1999, 2000, 2004; Scheidegger, pers.
comm.; J. Slade, pers. comm.). It is found in the Amnicon, Flag, Iron, Middle, Raspberry, and
Bad rivers, Chequamegon Bay, and Apostle Islands National Lakeshore in Wisconsin (Czypinski
et al. 1999, 2000, 2001, 2003, 2004; Tilmant 1999). In August 1994, it was found in Saxon
Harbor, Wisconsin, and in the upper peninsula of Michigan at the mouths of the Black and
Ontonagon rivers (K. Kindt, pers. comm.). In the lower Peninsula of Michigan along Lake
Huron, the first three specimens were caught at the mouth of the Thunder Bay River in August
1995 (K. Kindt, pers. comm.). This species has also been collected in Michigan in Lake
Michigan, Lake Superior, Torch Lake, Little Bay de Noc in Escanaba, Big Bay de Noc, Misery
River, Ontonagon River, Thunder Bay, and Sturgeon River Sloughs (Czypinski et al. 1999, 2000,
2001, 2003, 2004; A. Bowen, pers. comm.; Pearce, pers. comm.; Zorn, pers. comm.).”

No records of Gymnocephalus cernua in trade in the United States were found.

Regulations

State regulations for Gymnocephalus cernua, the synonym G. cernuus, and for the common
name Ruffe were found. While effort was made to find all applicable regulations, this list may
not be comprehensive.

G. cernua is listed as a prohibited species in Arkansas (Arkansas Game and Fish Commission
2022), Maryland (Code of Maryland Regulations 2022), Michigan (Michigan Compiled Laws
2022), Montana (Montana Department of Fish, Wildlife, and Parks 2022), New Hampshire (New
Hampshire Fish and Game Department 2022), Oregon (Oregon Department of Fish and Wildlife
2022), Rhode Island (Rhode Island Department of Environmental Management 2022), and Utah
(Utah Division of Wildlife Resources 2020).

G. cernua is listed as an invasive species in Indiana (Indiana Department of Natural Resources
2022), lowa (lowa NRC 2022), Idaho (Idaho Department of Agriculture 2022), Minnesota
(Minnesota Department of Natural Resources 2022), Ohio (Ohio Department of Natural
Resources 2022), Pennsylvania (Pennsylvania Fish and Boat Commission 2022), Texas (Texas
Parks and Wildlife 2022), and Wisconsin (Wisconsin Department of Natural Resources 2022).



G. cernua is listed as an aquatic nuisance species in North Dakota (North Dakota Game and Fish
Department 2019).

G. cernua is a regulated invasive species in New York (New York DEC 2022).

G. cernua is listed as an injurious species in Illinois (1llinois Department of Natural Resources
2015) and Tennessee (Tennessee Wildlife Resources Agency 2022).

Additionally, possession of G. cernua is unlawful in Colorado (Colorado Parks and Wildlife
2022) and North Carolina (North Carolina Department of Environmental Quality 2022) and is
regulated by permit in Virginia (Virginia Department of Wildlife Resources 2020).

Means of Introductions in the United States
From Fuller et al. (2023):

“The ruffe was probably introduced via ship ballast water discharged from a vessel arriving from
a Eurasian port, possibly as early as 1982-1983 (Simon and VVondruska 1991; Ruffe Task Force
1992). Within the Great Lakes, the species’ spread may have been augmented by intra-lake
shipping transport (Pratt et al. 1992; Stepien et al. 1998). Recent genetic research has indicated
that the origin of ruffe introduced to the Great Lakes was southern Europe, not the Baltic Sea as
previously believed (Stepien et al. 1998).”

From CABI (2023):

“The transoceanic introduction of G. cernuus into the North American Great Lakes is thought to
be via the ballast water of ships (Simon and Vondruska, 1991). DNA analysis shows that the

G. cernuus population in the Great Lakes originated from a single founding population source
from the Elbe River drainage, Germany (Stepien et al., 2002). Since their discovery in western
Lake Superior in 1987, G. cernuus has spread, most likely unaided, approximately 400 miles
along the shore by colonizing tributary after tributary (Slade et al., 1994). They have also spread
to other areas of Lake Superior (Thunder Bay, ON, Canada) and to Lakes Michigan and Huron
(Kindt et al., 1996), most likely in the ballast water of ships.”

From Beletsky et al. (2017):

“Model results compared favorably to observed spread of ruffe and Dreissena spp. mussels in
Lake Michigan. Our modeling effort suggests that larval advection by lake currents is an
important AIS dispersal mechanism in the Great Lakes.”

Remarks

This ERSS was previously published in June 2015. Revisions were completed to incorporate new
information and conform to updated standards.



From Ontario Federation of Anglers and Hunters (2023):

“[The] Ontario government, and some American States, have banned the possession and sale of
live or dead Eurasian ruffe, and using ruffe as bait.”

2 Biology and Ecology

Taxonomic Hierarchy and Taxonomic Standing
From Froese and Pauly (2023b):

“Animalia (Kingdom) >Chordata (Phylum) >Vertebrata (Subphylum) >Gnathostomata
(Superclass) >Pisces (Superclass) >Actinopterygii (Class) >Perciformes (Order) >Percoidei
(Suborder) >Percidae (Family) >Percinae (Subfamily) >Gymnocephalus (Genus)
>Gymnocephalus cernua (Species)”

From Fricke et al. (2023):
“Valid as Gymnocephalus cernua (Linnaeus 1758)”

Database and literature searches for this ERSS were conducted using the valid scientific name
Gymnocephalus cernua and synonyms G. cernuus and Acerina cernua.

Size, Weight, and Age Range

From Froese and Pauly (2023a):

“Maturity: Lm [length at maturity] 10.5 [cm] range ? - ? cm

Max length : 25.0 cm TL [total length] male/unsexed; [Muus and Dahlstrém 1968]; common

length : 12.0 cm TL male/unsexed; [Muus and Dahlstrom 1968]; max. published weight: 400.00
g [Muus and Dahlstrom 1968]; max. reported age: 10 years [Kottelat and Freyhof 2007].”

Environment
From Froese and Pauly (2023a):

“Freshwater; brackish; benthopelagic; pH range: 7.0 - 7.5; dH [water hardness] range: 8 - 12;
potamodromous [Riede 2004]; depth range 2 - 85 m [Vostradovsky 1973].”

“Larval survival is poor below 10°C and above 20°C [Kottelat and Freyhof 2007].”

Climate
From Froese and Pauly (2023a):

“Temperate; [...] 74°N - 43°N, 6°W - 169°E”



Distribution Outside the United States

Native
From Freyhof and Kottelat (2008):

“Austria; Azerbaijan; Belarus; Belgium; Bosnia and Herzegovina; Bulgaria; China; Croatia;
Czechia; Denmark; Estonia; Finland; France; Georgia; Germany; Hungary; Italy; Kazakhstan;
Latvia; Liechtenstein; Lithuania; Luxembourg; Moldova; Mongolia; Montenegro; Netherlands;
North Macedonia; Norway; Poland; Romania; Russian Federation; Serbia; Slovakia; Slovenia;
Sweden; Switzerland; Ukraine; United Kingdom; Uzbekistan.”

From Froese and Pauly (2023a):

“Europe: Caspian, Black, Baltic and North Sea basins; Great Britain; north to about 69° N in
Scandinavia. Asia: Aral Sea basin, Arctic Ocean basin eastward to Kolyma drainage.”

“Occurs in adjacent or contiguous drainage basins to Afghanistan [Coad 1981].”
“Occurs in Ergishi and Yili rivers and Ulungur lake [China; Walker and Yang 1999].”
“Found from waters on the borders of Iran or confluent with Iranian drainages.”
“Present in Neusiedler See [Austria; Wolfram-Wais et al. 1999].”

“Occurs in Odra and Morava river basins [Czech Republic; Hanel 2003].”

“Occurs throughout [Denmark] except Bornholm and Vendsyssel [Frier 1994].”

“[In Estonia:] Commercially taken from Lake Peipus [Anonymous 1999]. Abundant in the Gulf
of Riga and common in Gulf of Finland [Ojaveer and Pihu 2003].”

“Occurs through the country [Finland] except in the northern Lappland.”

“[In Germany:] Rhine common, Neckar rare [Glinther 1853]. Found in the Elbe estuary [Thiel et
al. 2003].”

“Known from Danube [Hungary; Kottelat and Freyhof 2007].”

“Southern tip of Norway.”

“[In Russia:] Known from Arctic Ocean basin eastward to Kolyma drainage [Kottelat and
Freyhof 2007; Muus and Dahlstréom 1968; Bogutskaya 2005]. Recorded from rivers Don
[Bogutskaya and Naseka 2002a], Kuban [Bogutskaya and Naseka 2002b], Volga [Bogutskaya
and Naseka 2002c] and Onega [Bogutskaya 2005].”

“Danube area of Serbia [Gerstmeier and Romig 1998].”



“Known from Bruunsviken Bay, Uppland Sweden [Near 2002]. Found in the southern Bothnian
Sea [Sweden; Thorman 1986].”

Introduced
From Froese and Pauly (2023a):

“Native to UK but introduced to Loch Lomond [Adams 1991]. Introduced in northern Great
Britain [Kottelat and Freyhof 2007].”

“[In Canada,] Introduced only into Ontario [Coker 2001; Robins et al. 1991].”
“Found in Lake Superior (Thunder Bay) [...]”

“Established and is expanding in northeastern Italy. Naturalized in 1985 [Bianco and Ketmaier
200117

“Considered in Rhine-Meuse waters as native species but established as non-native species in:
Bretagne, Loire, Vendée-Charente, Adour-Garonne, Rhone, Corse waters [France].”

According to CABI (2023), G. cernua was introduced and is now established in the Camargue
region in France, Lake Constance in Germany, and in parts of Norway outside of its native
range.

From Kuljanishvili et al. (2021):

“This species was recorded in the wild for the first time by Epitashvili et al. (2020) in the Rioni
River of western Georgia.”

From Tarkan et al. (2022):

“Recently, several populations of this species have been recorded from the Turkish region of
Thrace (the European part of Turkey), which represents the species’ southernmost geographic
range of expansion in Europe, where it is non-native.”

“One of the most recent records of this species has been from an artificial pond in northeast
Algeria, which represents the southernmost point of the species’ range of expansion (Arab et al.
2020).”

Establishment of G. cernua in Algeria could not be confirmed.

Means of Introduction Outside the United States
From CABI (2023):

“The introduction of G. cernuus outside their native range has been accidental. The mechanism
of introduction is unknown in many cases; however, introductions into England, Wales and



Scotland are thought to be from their use as live bait for northern pike (Esox lucius) fishing
(Maitland and East, 1989; Winfield, 1992).”

From Tarkan et al. (2022):

“[...] the most likely explanation for the non-native dispersion of G. cernua within Turkey’s
Thrace appears to be natural spread through connected river systems (i.e. River Maritza).”

Short Description
From Froese and Pauly (2023a):

“Dorsal spines (total): 11 - 19; Dorsal soft rays (total): 11-16; Anal spines: 2; Anal soft rays: 5 -
6; Vertebrae: 35 - 36. Distinguished uniquely from its congeners by its body depth 24-27% SL
[standard length]. Differs further from other members of the genus by the combination of having
a flank yellowish with numerous, small, irregular, dark blotches and having 11-16 dorsal spines
[Kottelat and Freyhof 2007]. Caudal fin with 16 to 17 rays [Keith and Alardi 2001]. Dorsal fins
are fused. Color brownish with dark spots [Muus and Nielson 1999].”

From Simon and VVondruska (1991):

“In particular, ruffe superficially resemble johnny darters as yolk-sac larvae, and walleye, yellow
perch, and logperch at lengths greater than 10 mm.”

From Ontario Federation of Anglers and Hunters (2023):

“Ruffe resemble young walleye, yellow perch and trout perch, but they differ from these species
in the following ways:
e Their perch-like body is less than 20 centimetres long, with glassy eyes and a down-
turned mouth.
e Their colouring is olive-brown on their back, with pale sides.
e Their two dorsal fins are joined; the first fin has 11-16 stiff, sharp spines with rows of
dark spots between them, and the second dorsal fin has soft, flexible rays.
e There are also sharp spines on their anal fins and gill covers.
e They have no scales on the head.”

Biology
From Fuller et al. (2023):

“The diet of ruffe changes throughout the course of development, becoming more benthic in
nature with increasing size (Ogle et al. 2004). Copepoda, Daphnia spp., and Bosmina
longirostrus dominated the overall diet of larval ruffe in the St. Louis Harbor (Ogle et al. 2004).
Chironomids and the bottom-dwelling larvae of other insects, mainly mayflies and stoneflies,
were frequently consumed in fresh water and, with increasing body size, became increasingly
important in the diet of ruffe (HOlker and Thiel 1998). In laboratory experiments, Fullerton et al.
(1998) found that ruffe preferred soft-bodied macroinvertebrates. Histological examination of



ruffe from the Duluth-Superior Harbor population revealed that the spawning period extended
from late April through mid-June in 1994 (Leino et al. 1997). Ruffe is often associated with
bottom waters and can tolerate lacustrine and lotic systems and depths to 85 m (Sandlund et al.
1985). The species' intolerance to deeper waters may limit its range of potential suitable habitat
to Lake Erie, southern Lake Michigan, and shallow waters of the other Great Lakes (U.S. EPA
2008).”

From Froese and Pauly (2023a):

“Inhabits eutrophic lakes, lowland and piedmont rivers. Most abundant in estuaries of large
rivers, brackish lakes with salinities up to 10-12 ppt [parts per thousand] and reservoirs. In
general, its abundance increases with increased eutrophication [Kottelat and Freyhof 2007].
Reported to prefer still or slow-flowing water with soft bottom and without vegetation [Kottelat
and Freyhof 2007] and deep water with deposits of sand and gravel [Vostradovsky 1973]. Can
tolerate some degradation of the environment [Billard 1997]. Can co-exist in deep lakes with
Perca fluviatilis. Both species partly occur at different depths with Gymnocephalus cernua being
more abundant in deeper layers [Kottelat and Freyhof 2007]. The membranous external walls of
the head canals of this species provide high directional sensitivity; can feed at night in the dark
using the lateral line system; feeds on zooplankton, chironomids, oligochaetes and amphipods
[Collette et al. 1977]. Pelagic in coastal lakes and tidal estuaries, preying on zooplankton and
fish. Spawns on a variety of substrates at depths of about 3 m or less [Kottelat and Freyhof
2007]. White to yellow eggs in sticky strands are found on rocks and weed in shallow water
[Pinder 2001]. [...] Females live up to 10 year [sic] while males up to 7 years [Kottelat and
Freyhof 2007].”

“Eggs turn adhesive on contact with water and stick to stones or plants. Females lay eggs in two
or more portions, usually separated by about 30 days in summer. First portion of eggs is larger
the [sic] second portion. Larvae without or with only a brief, pelagic larval stage, switching early
to benthic life, secretive and solitary, not forming schools.”

From Adams and Maitland (1998):
“Natural hybridization between ruffe and perch [Perca fluviatilis] has been recorded in the past.

Regan (1911) cites a 1907 reference for perch and ruffe hybrids in the Danube, noting that ‘these
hybrids are not fertile per se, but are quite fertile with either parent!””

Human Uses
From Froese and Pauly (2023a):

“Fisheries: minor commercial; gamefish: yes; bait: usually”
From GISD (2023):

“In some eastern European countries it is considered a delicacy”



Diseases

No information was found associating Gymnocephalus cernua with any diseases listed by
the World Organisation for Animal Health (2022).

Poelen et al. (2014) indicate that Gymnocephalus cernua has the following parasites:
Acanthocephalus anguillae, Acanthocephalus lucii, Allocreadium isoporum, Anguillicola
crassus, Apophallus donicus, Apophallus muehlingi, Ascaris acerinae, Ascaris velocissima,
Azygia lucii, Biacetabulum appendiculatum, Bucephalus polymorphus, Bunocotyle cingulata,
Bunodera luciopercae, Camallanus lacustris, Coitocaecum skrjabini, Corynosoma magdaleni,
Corynosoma semerme, Corynosoma strumosum, Cosmocephalus obvelatus, Cotylurus pileatus,
Cotylurus variegatus, Crowcrocaecum skrjabini, Cyathocephalus truncatus, Cystidicoloides
tenuissima, Dactylogyrus amphibothrium, Dactylogyrus anchoriformis, Dactylogyrus difformis,
Dactylogyrus haplogonus, Dactylogyrus hemiamphibothrium, Desmidocercella numidica,
Diphyllobothrium dendriticum, Diphyllobothrium latum, Diplostomum baeri, Diplostomum
chromatophorum, Diplostomum clavatum, Diplostomum commutatum, Diplostomum gasterostei,
Diplostomum gavium, Diplostomum helveticum, Diplostomum indistinctum, Diplostomum mergi,
Diplostomum pungitii, Diplostomum spathaceum, Diplostomum volvens, Diplozoon paradoxum,
Discocotyle sagittata, Echinorhynchus bothniensis, Echinorhynchus cinctulus, Eubothrium
crassum, Eubothrium rugosum, Eustrongylides excisus, Eustrongylides mergorum, Gyrodactylus
cernuae, Gyrodactylus longiradix, Gyrodactylus luciopercae, Gyrodactylus markevitschi,
Gyrodactylus rarus, Hepaticola petruschewskii, Hysteromorpha triloba, Ichthyobronema
hamulatum, Ichthyocotylurus pileatus, Ichthyocotylurus platycephalus, Ichthyocotylurus
variegatus, Metagonimus yokogawai, Metorchis xanthostomus, Neoechinorhynchus rutili,
Neogryporhynchus cheilancristrotus, Nicolla skrjabini, Nicolla testiobliqua, Paracoenogonimus
ovatus, Paracuaria tridentata, Paratenuisentis ambiguus, Phyllodistomum angulatum,
Phyllodistomum folium, Phyllodistomum megalorchis, Phyllodistomum pseudofolium,
Phyllodistomum simile, Pomphorhynchus laevis, Porrocaecum crassum, Posthodiplostomum
brevicaudatum, Posthodiplostomum cuticola, Proteocephalus cernuae, Proteocephalus filicollis,
Proteocephalus longicollis, Proteocephalus osculatus, Proteocephalus percae, Proteocephalus
torulosus, Pseudoterranova decipiens, Raphidascaris acus, Rhabdochona denudata,
Rhipidocotyle campanula, Rhipidocotyle illense, Schulmanella petruschewskii, Sphaerostomum
bramae, Sphaerostomum globiporum, Triaenophorus nodulosus, Tylodelphys clavata, and
Tylodelphys podicipina.

Threat to Humans
From Froese and Pauly (2023a):

“Potential pest”



3 Impacts of Introductions

The following quotations describe documented, actual impacts of introduction for
Gymnocephalus cernua.

From Fuller et al. (2023):

“The ruffe has affected fish populations in other areas where introduced. In Scotland, native
perch populations declined, and in Russia whitefish numbers have declined because of egg
predation by ruffe (McLean 1993).”

From CABI (2023):

“G. cernuus have been implicated in population declines of native fish by egg predation (Adams
and Tippet, 1991) and competition for food (Kozlova and Panasenko, 1977; Mattila and
Bonsdorf, 1989; Bergman, 1991) in some European waters where they have been introduced.”

“There is no evidence that G. cernuus has had a negative impact on biodiversity.”
From Fuller et al. (2024):

“In Lake Superior, consumption of cisco (Coregonus artedii) eggs by ruffe has been documented
at a level which could impact the population over winter months ([Selgeby] 1998). Ogle et al.
(1995) studied the diet of introduced ruffe inhabiting the St. Louis estuary. Their findings
indicated that the species preys heavily on benthic insects, thereby suggesting that ruffe
competes for food with yellow perch [Perca flavescens], trout-perch [Percopsis omiscomaycus],
and other native benthic-feeding fishes.”

From Newman et al. (2020):

“To examine competitive interactions between invasive ruffe and native yellow perch,
individually marked perch and ruffe were placed in mesocosms in a small lake. [...] Yellow
perch growth was significantly lower in the presence of ruffe (ANOVA, p = 0.005) than in
treatments containing only perch. [...] Growth rates of both ruffe and perch declined when ruffe
density was increased (t test, p = 0.006). However, neither ruffe nor perch growth was affected
by increasing perch density. Total stomach content mass of perch was significantly decreased by
ruffe in both years (p < 0.02), but no effects of ruffe on the composition of perch diets were
observed. Ruffe growth and food consumption was greater than that of perch for both
experiments. Ruffe can outcompete yellow perch when both species depend on a limited benthic
food resource.”

From Adams and Tippett (1991):

“Loch Lomond, one of the few British strongholds of the powan, Coregonus lavaretus (L.), has
recently been colonized by the ruffe, Gymnocephalus cernuus (L.). The ruffe are now
widespread, abundant and one of the commonest fish in Loch Lomond. Analysis of the gut
contents of these fish caught on powan spawning grounds in Loch Lomond showed that they, as



well as native brown trout, Salmo trutta L., and powan themselves, prey upon powan ova. Ruffe
maintained a high winter feeding rate compared with powan and trout and fed on a broad range
of benthic prey, of which powan ova formed the greatest biomass (84% of total diet) and
dominated the diet numerically (57% of prey items). The observed incidence of powan ova
consumption by ruffe was significantly greater than that of both brown trout and powan

(P <0001). [...] The overall effects of ruffe predation on the spawning success of powan have yet
to be established. However, high ova mortality from sources other than ruffe, coupled with a
large ruffe population with a high predation rate on spawning grounds compared with native
predators, means that ruffe predation on ova is likely to be an important influence on recruitment
to the powan population in Loch Lomond in the future.”

From Adams and Maitland (1998):

“[The] potential for feeding competition between ruffe and other species would appear to be
considerable. Despite this, the diet of both brown trout [Salmo trutta] and ruffe and perch
[P. fluviatilis] and ruffe caught at the same time, in the same place showed no significant
overlap, indicating that these species do not share a common resource.”

“Using published data for the diet of perch collected prior to the arrival and establishment of a
large ruffe population in Loch Lomond, the diet of perch was compared prior to the possibility of
any competitive interaction between perch and ruffe. The data very clearly indicate that, at least
for the size ranges of the two species examined in this study, there is no resource overlap and
thus it must be concluded that there is no feeding competition interaction between these species.”

“Direct predation by piscivorous ruffe on other species is not the only ruffe-induced predation
effect that has been demonstrated in Loch Lomond. Changes in the diet of piscivorous birds and
northern pike would appear to amount to considerable predation relief for the native species that
comprised the diet of fish predators before the arrival of ruffe (powan [Coregonus lavaretus] for
northern pike [Esox lucius] and roach, Rutlius rutilus, for herons, (the diet of cormorants prior to
the arrival of ruffe is unknown)).”

“[Although] the changes in species interactions and their consequences described here cannot be
considered of positive benefit they may not all be, at least in the short term, deleterious and some
changes that could have positive benefit to some members of the native community have been
identified. Fourthly, from data presented here [...] it is obvious that there has been a shift in the
main energetic pathways in the food-chain in Loch Lomond.”

The following quotations describe theorized, potential impacts of introduction for
Gymnocephalus cernua.

From Fuller et al. (2024):

“Ruffe was first discovered in the St. Louis River, a tributary to western Lake Superior, in the
mid 1980s; by 1991, it was the most abundant fish in this area (Bronte [et al.] 1998). The
increase in ruffe was concurrent with declines in several fish species, including yellow perch
(Perca flavescens), emerald shiner (Notropis atherinoides), and trout-perch (Percopsis



omiscomaycus) (Bronte [et al.] 1998, McLean 1993). However, there was a lack of clear causal
evidence between the two events (Bronte [et al.] 1998).”

“Savino and Kolar (1996) conducted a laboratory study to test for food competition between
ruffe and yellow perch. They found that competition could occur between the two species, but
that the outcome was not always clear, as each species exhibited competitive advantages and
disadvantages (Savino and Kolar 1996). Fullerton et al. (1998) also concluded that similarities in
dietary preferences and feeding rates of ruffe and yellow perch suggest a strong possibility for
interspecific competition.”

“When ruffe first invaded Lake Superior, it was thought that this species could generate a
considerable cost for recreational fishing, particularly by causing a decline in yellow perch
(Perca flavescens) populations (Leigh 1998). Under a moderate scenario of spread and impact, it
was predicted that ruffe could generate costs in excess of $500 million by 2050 (Leigh 1998).
However, these concerns have yet to be confirmed as the extent of ruffe’s contribution to
declines in native fish populations remains undecided (Czypinksi et al. 2007). Ruffe abundance
appeared to remain stable or decline annually in Lake Superior as late as 2001-2005 (Czypinski
et al. 2007, Gorman et al. 2010).”

From Fuller et al. (2023):

“Ruffe exhibits rapid growth and high reproductive output, and adapt [sic] to a wide range of
habitat types (McLean 1993); therefore the species may pose a threat to native North American
fish. Yellow perch Perca flavescens, emerald shiners Notropis atherinoides, and trout-perch
Percopsis omiscomaycus have all declined since the introduction of this fish, although the
association is not clear (McLean 1993). There is much concern that ruffe may have a detrimental
effect on more desirable species in Lake Superior, such as yellow perch and walleye, by feeding
on the young of these species (Raloff 1992), or by competing for food (McLean 1993). Savino
and Kolar (1996) conducted a laboratory study to test for competition for food between ruffe and
yellow perch. They found that competition could occur between the two species but that the
outcome would not always be clear. Each species exhibited competitive advantages and
disadvantages. Ogle et al. (1995) studied the diet of introduced ruffe inhabiting the St. Louis
estuary. Their findings indicated that the species prey heavily on benthic insects thereby
suggesting that ruffe compete for food with yellow perch, trout-perch, and other native benthic-
feeding fishes. Fullerton et al. (1998) also observed that similarities in dietary preferences and in
feeding rates of ruffe and yellow perch suggest a strong possibility for interspecific competition.
Ruffe hold an advantage over native perch in their ability to better select moving objects under
relatively dim light conditions or at high turbidity. Kolar et al. (2002) found that in a laboratory
setting, ruffe exhibited higher consumption rates of benthic invertebrates than yellow perch in
darkness over bare cobble and complex substrates. Ruffe has a very sensitive lateral line system
and night adapted vision, and is more adapted to foraging under poor light conditions that [sic]
yellow perch (Holker and Thiel 1998). In a study of ruffe predation by native pike, bass,
bullhead, walleye, and perch, Mayo et al. (1998) found that though ruffe comprised 71-88% of
prey species biomass, all five of the selected predators ate ruffe at lower proportions,
preferentially selecting native fish species.”



From Ontario Federation of Anglers and Hunters (2023):

“This species has the potential to affect ecosystems in the following ways:
e They negatively impact native sportfish populations, such as, yellow perch by directly
competing for food, habitat or through heavy predation of native sportfish eggs.
e Ruffe can very quickly become the most dominant fish in local areas because of their
rapid reproductive and growth rates. This puts pressure on native species and contributes
to their decline.”

From CABI (2023):

“While it is not always possible to extrapolate negative interactions documented in laboratory
studies to impacts in the wild, several studies conducted in mesocosms or in the laboratory
suggest that G. cernuus will out-compete native yellow perch (Perca fluvescens) (Fullerton et al.,
1998; Schuldt et al., 1999; Fullerton et al., 2000; Henson and Newman, 2000). However, one
laboratory study suggested that if G. cernuus and yellow perch share a habitat, competition for
space will be weak or absent and competition for food may occur when food is limiting because
neither species has a clear advantage in its ability to consume invertebrates in any habitat
(Fullerton and Lamberti, 2006). The general conclusion from the International Symposium on
the Biology and Management of Ruffe is that the invasion of G. cernuus to new waterbodies may
not be as great a threat to yellow perch, walleye (Sander vitreum), Coregonus spp., and other
native fish as was first thought (Adams and Maitland, 1998; Gunderson et al., 1998; Kovac,
1998; Ogle, 1998; Popova et al., 1998; Winfield et al., 1998).”

From NatureServe (2023):

“Introduced populations may reduce food resources for native fishes. May have caused a
dramatic decline in the perch population in Loch Lomond, Scotland. Expansion of ruffe
population in the Great Lakes poses a serious threat to populations of walleye, perch, and various
forage fishes. In Duluth Harbor, Lake Superior, populations of yellow perch, trout-perch, black
bullhead, and most minnows declined as the ruffe population increased (Boogaard et al. 1996).”

Gymnocephalus cernua is listed as an invasive, prohibited, or regulated species in the following
states: Arkansas (Arkansas Game and Fish Commission 2022); Colorado (Colorado Parks and
Wildlife 2022); Idaho (Idaho Department of Agriculture 2022); Illinois (lllinois Department of
Natural Resources 2015); Indiana (Indiana Department of Natural Resources 2022); lowa (lowa
NRC 2022), Maryland (Code of Maryland Regulations 2022); Michigan (Michigan Compiled
Laws 2022); Minnesota (Minnesota Department of Natural Resources 2022); Montana (Montana
Department of Fish, Wildlife, and Parks 2022); North Carolina (North Carolina Department of
Environmental Quality 2022); North Dakota (North Dakota Game and Fish Department 2019);
New Hampshire (New Hampshire Fish and Game Department 2022); New York (New York
DEC 2022); Ohio (Ohio Department of Natural Resources 2022); Oregon (Oregon Department
of Fish and Wildlife 2022); Pennsylvania (Pennsylvania Fish and Boat Commission 2022);
Rhode Island (Rhode Island Department of Environmental Management 2022); Tennessee
(Tennessee Wildlife Resources Agency 2022); Texas (Texas Parks and Wildlife 2022); Utah



(Utah Division of Wildlife Resources 2020); Virginia (Virginia Department of Wildlife
Resources 2020); Wisconsin (Wisconsin Department of Natural Resources 2022).

4 History of Invasiveness

The history of invasiveness for Gymnocephalus cernua is High because this species has been
introduced into multiple areas and there are documented negative impacts of introduction from
peer reviewed sources. Gymnocephalus cernua has been introduced to several countries
accidentally via ballast water and use as a live bait for fishing; the species has also expanded its
introduced range through natural dispersal. The most commonly observed impacts of
introduction are heavy egg predation and food competition with native species. Some authors
have tied these impacts directly to population declines in native species such as yellow perch
(Perca flavescens) and whitefish (Coregonus spp.), but others debate the strength of the
connection between the impacts observed and population-level decline of native species.

5 Global Distribution

Figure 1. Known global distribution of Gymnocephalus cernua. Observations are reported from
Europe, Asia and the United States. Map from GBIF Secretariat (2024). The points in South
Africa and in Whitney Township, Michigan, represent preserved specimens and were not
included in the climate match. The point in China represents the country centroid rather than a
specific occurrence location and was not included in the climate match.

No georeferenced occurrences were found for the following countries within the native range:
Azerbaijan, China, Kazakhstan, Latvia, Mongolia, and Uzbekistan.

Additional georeferenced occurrences from Székely (1995; Hungary), Gydre et al. (1999;
Hungary), Tarkan et al. (2022; Turkey), and Fuller et al. (2024; Cheboygan, Michigan) were
used to supplement GBIF Secretariat (2024) occurrences in selecting source locations for the
climate matching analysis.



6 Distribution Within the United States
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Figure 2. Reported distribution of Gymnocephalus cernua in the United States (Great Lakes
region) and adjacent Canada, showing collection locations and established populations. Map
from Fuller et al. (2024). Only established populations were used to select source locations for

the climate matching analysis.

7 Climate Matching

Summary of Climate Matching Analysis

The climate match for Gymnocephalus cernua was generally high for the contiguous United
States with few areas of low and medium climate match being found along the northern Pacific
Coast, Sonoran Desert, Gulf Coast, and peninsular Florida. The highest climate matches were

found in the northern Great Lakes region, where G. cernua is already established,

as well as in

small areas in the central Appalachian Mountains, the eastern shore of Puget Sound, Washington,
and near Santa Fe, New Mexico. The overall Climate 6 score was 0.879, indicating that Yes,
there is establishment concern for this species. The Climate 6 score is calculated as: (count of
target points with scores > 6)/(count of all target points). Establishment concern is warranted for
Climate 6 scores greater than or equal to 0.002 based on an analysis of the establishment success

of 356 nonnative aquatic species introduced to the United States (USFWS 2024).

Projected climate matches in the contiguous United States under future climate scenarios are
available for Gymnocephalus cernua (see Appendix). These projected climate matches are



provided as additional context for the reader; future climate scenarios are not factored into the
Overall Risk Assessment Category.
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Figure 3. RAMP (Sanders et al. 2023) source map showing weather stations in North America,
Asia, and Europe selected as source locations (red; United States, Canada, Russia, Georgia, and
throughout Europe except for Ireland, northern Scandinavia, and the Iberian, Italian, and
southern Balkan peninsulas) and non-source locations (gray) for Gymnocephalus cernua climate
matching. Source locations from GBIF Secretariat (2022). Additional source locations from
Székely (1995; Hungary), Gyore et al. (1999; Hungary), Tarkan et al. (2022; Turkey), and Fuller
et al. (2024; Cheboygan, Michigan). Selected source locations are within 100 km of one or more
species occurrences, and do not necessarily represent the locations of occurrences themselves.
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Figure 4 Map of RAMP (Sanders et al. 2023) cllmate matches for Gymnocephalus cernua in the
contiguous United States based on source locations reported by GBIF Secretariat (2024), Székely
(1995), Gyore et al. (1999), Tarkan et al. (2022), and Fuller et al. (2024). Counts of climate
match scores are tabulated on the left. 0/Pale Pink = Lowest match, 10/Dark Purple = Highest
match.

8 Certainty of Assessment

The certainty for this assessment is Medium. There is quality information available about the
biology and ecology of Gymnocephalus cernua. Records of introduction, vectors, and
establishment were found in several countries outside of the native range for Gymnocephalus
cernua. Several peer-review sources documented the impacts of Gymnocephalus cernua
introductions, along with potential additional impacts. However, several authors have expressed
uncertainty about the strength of the connection between population level declines of native
species and the observed impacts of G. cernua on these populations (egg predation and food
competition). For that reason, the Certainty of Assessment is classified as Medium.



9 Risk Assessment

Summary of Risk to the Contiguous United States

Gymnocephalus cernua, Ruffe, is a freshwater and brackish water fish native to numerous
countries in Europe and Asia. It has been introduced accidentally via ballast water or
intentionally as a bait species in the Great Lakes region of North America, France, Italy, Turkey,
Algeria, and in areas outside of its native range in Germany, Georgia, Norway, and the United
Kingdom. Most of these introductions have resulted in population establishment. The History of
Invasiveness for G. cernua is classified as High due to its documented predation on eggs of
native fish species and competition for their food resources, potentially contributing to native
species declines. The transportation, possession, and sale of Gymnocephalus cernua has been
regulated by more than twenty U.S. States and one Canadian province because of these
documented negative impacts. The climate matching analysis for the contiguous United States
indicates establishment concern for this species. The climate match was high across most of the
contiguous United States, and especially where the species is already established in the northern
Great Lakes region. The Certainty of this Assessment is Medium due to some disagreement in the
literature about the degree to which G. cernua has contributed to native species declines. The
Overall Risk Assessment Category for G. cernua in the contiguous United States is High.

Assessment Elements
e History of Invasiveness (see section 4): High
e Establishment Concern (see section 7): Yes
e Certainty of Assessment (see section 8): Medium
¢ Remarks/Important additional information: None
e Overall Risk Assessment Category: High
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Appendix

Summary of Future Climate Matching Analysis

Future climate projections represent two Shared Socioeconomic Pathways (SSP) developed by
the Intergovernmental Panel on Climate Change (IPCC 2021): SSP5, in which emissions triple
by the end of the century; and SSP3, in which emissions double by the end of the century. Future
climate matches were based on source locations reported by GBIF Secretariat (2024), Székely
(1995), Gyore et al. (1999), Tarkan et al. (2022), and Fuller et al. (2024).

Under the future climate scenarios (figure Al), on average, high climate match for
Gymnocephalus cernua was projected to occur in the Great Lakes region of the contiguous
United States. There were additional scattered areas of high match in the Western Mountains and
Colorado Plateau regions under all scenarios. Areas of low climate match were projected to
occur in the Southern Florida region, with additional smaller areas of low match along the Sierra
Nevada and Cascade Mountains in the western United States. Areas of high match contracted
northward when comparing SSP3 to SSP5 and timesteps 2055 to 2085. The Climate 6 scores for
the individual future scenario models (figure A2) ranged from a low of 0.250 (model: UKESM1-
0-LL, SSP5, 2085) to a high of 0.806 (model: MPI-ESM1-2-HR, SSP3, 2055). All future
scenario Climate 6 scores were above the Establishment Concern threshold, indicating that Yes,
there is establishment concern for this species under future scenarios. The Climate 6 score for the
current climate match (0.879, figure 4) falls above the range of scores for future projections. The
time step and climate scenario with the most change relative to current conditions was SSP5,
2085, the most extreme climate change scenario. Under all time step and climate scenarios only
minor increases in the climate match relative to the current match were observed. However,
under the 2085 time step, areas within the Appalachian Range, Colorado Plateau, Great Lakes,
Gulf Coast, Mid-Atlantic, Northern Plains, Southeast, Southern Plains, and Southwest saw a
large decrease in the climate match relative to current conditions. Additionally, areas within
California, the Great Basin, Northeast, Southern Atlantic Coast, Southern Florida, and Western
Mountains saw a moderate decrease in the climate match relative to current conditions under the
2085 SSP5 scenario. Additional, very small areas of large or moderate change may be visible on
the maps (figure A3).
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Figure Al. Maps of median RAMP (Sanders et al. 2023) climate matches projected under
potential future climate conditions using five global climate models for Gymnocephalus cernua
in the contiguous United States. Climate matching is based on source locations reported by GBIF
Secretariat (2024), Székely (1995), Gyore et al. (1999), Tarkan et al. (2022), and Fuller et
al. (2024). Shared Socioeconomic Pathways (SSPs) used (from left to right): SSP3, SSP5 (IPCC
2021). Time steps: 2055 (top row) and 2085 (bottom row). Climate source data from CHELSA
(Karger et al. 2017, 2018); global climate models used: GFDL-ESM4, UKESM1-0-LL, MPI-
ESM1-2-HR, IPSL-CM6A-LR, and MRI-ESM2-0. 0/Pale Pink = Lowest match, 10/Dark Purple
= Highest match.
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Figure A2. Comparison of projected future Climate 6 scores for Gymnocephalus cernua in the
contiguous United States for each of five global climate models under four combinations of
Shared Socioeconomic Pathway (SSP) and time step. SSPs used (from left to right): SSP3, SSP5
(Karger et al. 2017, 2018; IPCC 2021). Time steps: 2055 (top row) and 2085 (bottom row).
Climate source data from CHELSA (Karger et al. 2017, 2018); global climate models used:
GFDL-ESM4, UKESM1-0-LL, MPI-ESM1-2-HR, IPSL-CM6A-LR, and MRI-ESM2-0.
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Figure A3. RAMP (Sanders et al. 2023) maps of the contiguous United States showing the
difference between the current climate match target point score (figure 4) and the median target
point score for future climate scenarios (figure Al) for Gymnocephalus cernua based on source
locations reported by GBIF Secretariat (2024), Székely (1995), Gyore et al. (1999), Tarkan et

al. (2022), and Fuller et al. (2024). Shared Socioeconomic Pathways (SSPs) used (from left to
right): SSP3, SSP5 (IPCC 2021). Time steps: 2055 (top row) and 2085 (bottom row). Climate
source data from CHELSA (Karger et al. 2017, 2018); global models used: GFDL-ESM4,
UKESM1-0-LL, MPI-ESM1-2-HR, IPSL-CM6A-LR, and MRI-ESM2-0. Shades of blue indicate
a lower target point score under future scenarios than under current conditions. Shades of red
indicate a higher target point score under future scenarios than under current conditions. Darker
shades indicate greater change.
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