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Abstract
The Rudd Scardinius erythrophthalmus was first introduced into

U.S. waters about a century ago, and the species’ popularity as a
baitfish in the 1980s has facilitated its spread to at least 21 states
and the province of Ontario. Several established populations have
been identified, but low abundances have led to little research and
management attention. Rudds comprised 48.7% of the 14,130 fish
captured in spring trap-netting surveys of Buffalo Harbor (north-
eastern Lake Erie) and the upper Niagara River during 2007–2008.
Rudd was the most abundant species sampled, being captured at 11
of 12 locations and comprising 23.6% of the total catch in Buffalo
Harbor and 70.3% of the catch in the upper Niagara River. Docu-
mented presences and absences in historical reports indicate that
rudd became established in these waters between 1986 and 1991.
Research is needed to understand the effects of rudds on native
aquatic resources, especially nearshore macrophyte assemblages
and the fish they support.

The distributions of numerous aquatic species have expanded
well beyond their native ranges due to human actions such as
intentional releases, the removal or bypassing of natural bar-
riers through the construction of shipping channels, and un-
intentional introductions via bait bucket transfers and ballast
water exchanges (Mills et al. 1993). Introductions of nonna-
tive fishes such as the sea lamprey Petromyzon marinus and
round goby Neogobius melanostomus have had serious and well-
documented negative effects on native communities (Hansen
1999; Janssen and Jude 2001). The rudd Scardinius erythroph-
thalmus is a European minnow that now has a nearly global
longitudinal distribution due to human translocations; the rudd
ranges from New Zealand to the Midwestern USA and is es-
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tablished on five continents (Nico et al. 2010; Froese and Pauly
2011).

The rudd was intentionally introduced into the USA during
the late 19th or early 20th century (Burkhead and Williams
1991; Mills et al. 1993), but for several decades its distribution
remained limited to the northeastern USA and Oconomowoc
Lake, Wisconsin, where it was intentionally introduced (Cahn
1927). The popularity of the rudd as a baitfish in the 1980s facili-
tated its spread to the waters of at least 21 states, including the St.
Lawrence River, New York, a boundary water between the USA
and Canada (Klindt 1990, 1991; Crossman et al. 1992; Nico et al.
2010). Although populations of rudds became established in
several North American waters during the past century, their low
abundances resulted in little attention from fisheries biologists.
For example, the rudd is still considered rare in Oconomowoc
Lake (Susan Byler, Wisconsin Department of Natural Re-
sources, personal communication), despite its having been in-
troduced in 1916 (Cahn 1927). Similarly, rudds are present but
considered rare in the Ohio waters of Lake Erie (Travis Hartman,
Ohio Department of Natural Resources, personal communica-
tion), the New York waters of Lake Erie outside of Buffalo
Harbor (Donald Einhouse, New York State Department of En-
vironmental Conservation, personal communication), and the
St. Lawrence River (J. M. Farrell, unpublished data).

The rudd is omnivorous, and larger individuals (>150 mm)
often consume aquatic macrophytes (Lake et al. 2002; Hicks
2003), exploiting food resources that are not typically utilized
by native fishes in the north temperate regions of North Amer-
ica. Rudds typically grow to approximately 350 mm in length
and 1,800 g in weight in their native range (Crossman et al.
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MANAGEMENT BRIEF 83

FIGURE 1. Map of Buffalo Harbor (Lake Erie) and the upper Niagara River indicating trap-net locations. Locations sampled in 2007 are denoted by triangles,
those sampled in 2008 by squares, and those sampled in both years by circles. The numbers of rudds caught and the total numbers of fish caught are also provided.

1992). The largest rudd on record was 617 mm long and weighed
3,623 g (Šprem et al. 2010). Such large, macrophyte-consuming
fish are not common in North American freshwater ecosys-
tems, so an abundant rudd population could negatively affect
aquatic communities by altering macrophyte assemblages and
accelerating internal nutrient loading (eutrophication) by re-
mobilizing the nutrients stored in sediments and macrophytes
(Hansson et al. 1987; van Donk and Gulati 1995; Vanni 2002;
Hicks 2003; Nurminen et al. 2003). Additional threats to aquatic
communities include (1) juvenile rudds competing with native
fishes for benthic invertebrate prey (Crossman et al. 1992; Hicks
2003), (2) maintaining parasites and pathogens and spreading
them to native fishes (Popović et al. 2001), and (3) hybridizing
with golden shiner Notemigonus crysoleucas (Burkhead and
Williams 1991), thereby causing genomic extinction (i.e., the
loss of local evolutionary lineages; Allendorf and Luikart 2007).

This report is the first to document the presence of abundant
rudd populations in North America, specifically in Buffalo
Harbor (northeastern Lake Erie) and the upper Niagara River.
The presence of rudds in these waters is especially notable
because several habitat restoration projects are under way
or planned for these areas (USFERC 2007), some of which
include the restoration of aquatic macrophytes. Herbivory by

abundant rudd populations may nullify or reduce the benefits
of these macrophyte restoration efforts.

METHODS
A spring trap-net survey was conducted in Buffalo Har-

bor and the upper Niagara River during 2007–2008 to cap-
ture spawning muskellunge Esox masquinongy for research and
quantifying fish assemblages at nearshore sites. Oneida (1.8–2.4
m high with 6.1-m wings, 15.2–121.9-m leaders, and 2.54-cm
bar measure mesh) and hoop style trap-nets (0.9–1.2 m high
with 6.1-m wings, 15.2–30.5-m leads, and 2.54-cm bar measure
mesh) were deployed at 11 sites from 14 May to 8 June 2007
and at 7 sites from 15 May to 11 June 2008 (some sites were
sampled in both years; Figure 1). The mesh size of our nets
was probably too large to capture small, young (e.g., age-1 and
age-2) rudds. The sites sampled were typically 1–2.75 m deep
at the trap end and adjacent to deeper water. They tended to be
associated with fine sediment substrates with filamentous algae
but undeveloped aquatic macrophytes during the netting period;
aquatic macrophytes were common at the trap-net sites later in
the season. Water temperatures ranged from 9.1◦C to 21.3◦C
during our trap-net surveys in 2007 and from 10.6◦C to 21.1◦C
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84 KAPUSCINSKI ET AL.

TABLE 1. Composition of the fish species captured in trap nets in Buffalo Harbor (BH) and the upper Niagara River (UNR) during spring 2007–2008.

2007 2008

BH UNR BH UNR

Species N % N % N % N %

Rudd Scardinius erythropthalmusa 819 23.2 1,247 64.8 719 24.1 4,102 72.1
Brown bullhead Ameiurus nebulosus 486 13.8 158 8.2 523 17.5 737 13.0
Rock bass Ambloplites rupestris 779 22.1 220 11.4 501 16.8 84 1.5
Smallmouth bass Micropterus dolomieu 669 19.0 21 1.1 599 20.0 28 0.5
Common carp Cyprinus carpioa 58 1.6 42 2.2 42 1.4 271 4.8
Northern pike Esox lucius 57 1.6 13 0.7 55 1.8 239 4.2
Pumpkinseed Lepomis gibbosus 131 3.7 37 1.9 170 5.7 19 0.3
Yellow perch Perca flavescens 173 4.9 30 1.6 55 1.8 22 0.4
Bluegill Lepomis macrochirus 74 2.1 30 1.6 121 4.0 21 0.4
Quillback Carpiodes cyprinus 94 2.7 28 0.9 12 0.2
Redhorse Moxostoma spp. 16 0.5 22 1.1 43 1.4 33 0.6
Largemouth bass Micropterus salmoides 31 0.9 18 0.9 50 1.7 11 0.2
White sucker Catostomus commersonii 60 1.7 10 0.5 21 0.7 14 0.2
Bowfin Amia calva 1 0.0 31 1.6 35 0.6
White perch Morone americanaa 10 0.3 9 0.5 23 0.8 21 0.4
Common shiner Luxilus cornutus 6 0.2 22 1.1 14 0.2
Goldfish Carassius auratusa 19 0.5 1 0.1 16 0.5 5 0.1
Black crappie Pomoxis nigromaculatus 11 0.3 1 0.1 9 0.3 1 0.0
Freshwater drum Aplodinotus grunniens 14 0.4 1 0.1 4 0.1 3 0.1
Longnose gar Lepisosteus osseus 5 0.1 4 0.1 1 0.0
Muskellunge Esox masquinongy 3 0.1 4 0.1
Channel catfish Ictalurus punctatus 3 0.1 1 0.0 3 0.1
Gizzard shad Dorosoma cepedianuma 4 0.1 2 0.1
Goldfish × common carpa 2 0.1 1 0.1 3 0.1
Rainbow trout Oncorhynchus mykissa 1 0.0 1 0.1 2 0.1 1 0.0
Round goby Neogobius melanostomusa 4 0.2 1 0.0
Walleye Sander vitreus 4 0.1
White bass Morone chrysops 1 0.1 2 0.0
Northern hog sucker Hypentelium nigricans 1 0.1 1 0.0
Muskellunge × northern pike 1 0.1 1 0.0
Green sunfish Lepomis cyanellus 1 0.1
Total 3,530 1,925 2,989 5,686

aNonnative species.

in 2008 and were often below the 18◦C preferred by spawning
rudds (Hicks 2003; Tarkan 2006). Each net was emptied daily or
every other day, and captured fish were identified to species and
enumerated. In 2009, two hoop-style trap nets were deployed
for 1–2 d each month during May–August to capture rudds for
a diet analysis. Only data on the total length of rudds is reported
here because this effort was spatially and temporally limited and
not all fish were not enumerated.

RESULTS
A total of 14,130 fish were captured in trap nets during 2007–

2008, 6,887 (48.7%) of which were rudds (Table 1). The rudd

was the most abundant species sampled, being captured at 11
of 12 sites (Figure 1) and comprising 23.6% of the total catch
in Buffalo Harbor and 70.3% in the upper Niagara River. Other
nonnative fishes (7 species) comprised 2.8% of the total catch in
Buffalo Harbor and 4.7% in the upper Niagara River, whereas
native species (23 species) comprised 73.6% of the total catch in
Buffalo Harbor but only 25.0% in the upper Niagara River. Cap-
tured rudds were not measured in 2007–2008, but we estimated
that their total lengths ranged from 200 to 450 mm and noted
the presence of several length modes indicative of age structure.
The rudds captured in trap nets in 2009 from the upper Niagara
River averaged 349 mm in total length (range, 138–445 mm;
n = 190). The rudds captured during 2007–2008 also appeared
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to be well conditioned and sexually mature (we only attempted
to extrude gametes from a subsample of these rudds, but both
eggs and milt were observed).

DISCUSSION
Rudds were first collected in the system in a 1991 biological

survey of the Buffalo River (a tributary to Buffalo Harbor; Mikol
et al. 1993) but were notably absent from several reports that
documented the presence of nonnative fishes in Buffalo Harbor
and the Niagara River in 1928–1986 (State of New York Con-
servation Department 1929; Goodyear et al. 1982; Makarewicz
et al. 1982; Spotila 1986). Therefore, it appears that the rudd
became established in Buffalo Harbor and the upper Niagara
River after 1986 but before 1991. This timeline is consistent with
the rudd becoming popular as a baitfish in the 1980s, thereby
implicating bait bucket transfers as the most likely source of
introduction.

Buffalo Harbor and the upper Niagara River appear to contain
favorable environmental conditions for rudd reproduction and
survival, based on the abundances and multiple length modes
that we observed. In addition, young-of-the-year rudds were
captured in other surveys of the upper Niagara River, indicat-
ing that they are reproducing in this water (Kapuscinski 2011).
Nurminen et al. (2003) captured rudds from Lake Hiidenvesi,
Finland, that were up to age 15 but that on average were smaller
(mean total length, 150 mm at age 5 and 204 mm at age 9) than
the rudds we captured. Quantitative analyses of the reproductive
dynamics and age and size structures of the rudd populations in
Buffalo Harbor and the Niagara River will help resource man-
agers understand the invasion histories of these systems and
make predictions about future range expansions.

The abundant rudd population in the upper Niagara River
challenges the existing paradigm of optimal rudd habitat and
requires us to expand our concept of the waters vulnerable to
invasion. Most studies have focused on lake populations, and
the rudd is typically described as a littoral species that prefers
lentic habitats (Johansson 1987; Lake et al. 2002) and spawns
on aquatic macrophytes in shallow, nearshore waters (Orr 1966;
Kennedy and Fitzmaurice 1974). There are few references to
rudds occupying slow-flowing lotic habitats (Cadwallader 1978;
Zerunian et al. 1986). Hicks (2003) did report the presence of
rudds in the tailrace of the Karapiro Dam, Waikato River, New
Zealand. Cadwallader (1978), who surveyed 25 New Zealand
waters, captured recently hatched rudds in shallow, nearshore
areas of 17 lentic waters and only one gently flowing reach of
a reservoir near the mouth of a stream. The discharge of the
Niagara River averages about 5,550 m3/s (Harrison and Hadley
1978), and the velocity at nearshore vegetated areas averages
about 0.04 m/s (K. L. Kapuscinski, unpublished data). The
rudd’s ability to thrive in a lotic habitat such as the Niagara
River requires us to gain a better understanding of the environ-
mental conditions that affect its population dynamics.

The rudd’s relatively large body size and ability to obtain
nutrients from algae, macrophytes, and detritus, which is con-
sidered an adaptation to avoid competition within its native
range (Johansson 1987), will probably facilitate its spread into
the Great Lakes by buffering both top-down and bottom-up
controls (as described for gizzard shad Dorosoma cepedianum
by Stein et al. 1995). Furthermore, the macrophyte-consuming
rudd will establish novel trophic links and possibly contaminant
pathways in the ecosystems it invades (as reported for round
goby by Kwon et al. 2006). Perhaps most importantly, however,
the rudd may cause shifts in aquatic vegetation communities
(van Donk and Gulati 1995; van Donk and Otte 1996; Hicks
2003) that many native fishes rely upon for spawning, nursery,
and foraging habitat. The numerous threats that the rudd poses
to native aquatic communities should be of concern to resource
managers, especially because the populations documented here
have direct access to critical habitats that support economi-
cally and ecologically important fish communities in the Great
Lakes basin. Three rudds were captured by commercial fish-
ermen in Long Point Bay, Lake Erie, in 2009 (Gislason et al.
2010), and although the origin of these rudds is unknown, they
may have been immigrants from the Buffalo Harbor or Niagara
River populations. Comprehensive surveys that employ multi-
ple gears (e.g., electrofishing, gill nets, seines, and trap nets)
to sample the overall fish community are needed to evaluate
the abundance of rudds relative to other fishes in the Buffalo
Harbor, Niagara River, and other waters where rudds may be
of concern. Research focused on elucidating the effects of rudd
herbivory on nearshore macrophyte assemblages and the fishes
they support will be especially important for guiding habitat
restoration projects in the Great Lakes basin.
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(Scardinius erythrophthalmus hesperidicus H.) in Lake Vrana on the Island
of Cres, Croatia. Journal of Applied Ichthyology 17:43–45.

Spotila, J. R. 1986. Assessment of the fishery in the Small Boat Harbor, Buffalo,
NY, and related areas. Final Report to the Niagara Frontier Transportation
Authority. State University of New York College at Buffalo, Buffalo.
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