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Abstract The invasive, omnivorous rudd Scardinius ery-

throphthalmus is abundant in the upper Niagara River, a

Great Lakes Area of Concern. Invasive species can alter

trophic and contaminant pathways, but complex ontogenetic

and seasonal diet shifts by rudds make it difficult to predict

their chemical burdens relative to other fishes. We quantified

concentrations of chemical residues in rudds and compared

them to six fish species from various trophic levels. Rudds

contained low concentrations of total dichlorodiphenyltri-

chloroethane (mean = 0.02 lg/g), Hg (mean = 0.03 lg/g),

and polychlorinated biphenyls (mean = 0.06 lg/g); these

concentrations were among the lowest for all species

examined. Concentrations of aldrin, heptachlor, hexachlo-

robenzene, total hexachlorocyclohexanes, mirex, and total

chlordanes were less than the method detection limit for all

rudds examined. If reducing rudd biomass is determined to

be beneficial, resource managers could consider targeted

harvest, given the low concentrations of contaminant in

rudds and their susceptibility to capture.

Keywords Rudd � Contaminant � Omnivorous � Niagara

River

Bioaccumulation studies show that concentrations of con-

taminants in animals increase with trophic position within

aquatic ecosystems (Borgå et al. 2001; Barbosa et al. 2003;

Kwon et al. 2006). However, it is difficult to predict con-

centrations of contaminants for invasive, omnivorous fishes

that can readily shift from piscivory to herbivory or detri-

tivory. The rudd Scardinius erythrophthalmus (Linnaeus,

1758) is an invasive cyprinid that has been widely trans-

located by humans from its native range in Europe and

western Asia (Nico et al. 2010; Froese and Pauly 2011).

Feeding habits can vary widely among populations of rudd,

presumably depending upon food availability and water

temperatures, with primary food sources including algae

(Garcia-Berthou and Moreno-Amich 2000), macrophytes

(Hicks 2003; Kapuscinski et al. 2012a), detritus (Garcia-

Berthou and Moreno-Amich 2000), and invertebrates

(Nurminen et al. 2003). Making predictions about the tro-

phic position and contaminant burden of rudds is further

complicated by ontogenetic and seasonal diet shifts. For

example, rudds in the Niagara River have been shown to

supplement their macrophyte-dominated diet with fish

during spring and late fall when water temperatures are
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below 16�C (Kapuscinski et al. 2012a). Nevertheless, it is

important to have knowledge about the concentrations of

contaminants in rudds because they continue to invade new

waters and can be readily consumed by piscivorous fishes,

birds, and humans, thereby transferring contaminants

throughout the food web. To date, no research has been

published on concentrations of contaminants in rudds,

despite the fact that the rudd has a nearly global longitu-

dinal distribution.

The Buffalo River, a Great Lakes Area of Concern

(AOC; US Environmental Protection Agency 2009a), flows

into Buffalo Harbor (northeastern Lake Erie), from which

water then flows into the upper Niagara River, another

AOC (US Environmental Protection Agency 2009b). Both

have been designated as AOCs in part because of con-

taminants in fish, which creates specific concern about

contaminant accumulation in newly established species. A

robust population of rudd exists in Buffalo Harbor and the

upper Niagara River (Kapuscinski et al. 2012b), which

exhibits superior condition and more rapid growth com-

pared to other populations for which published data exist

(Kapuscinski et al. 2012a). A random sample of 415 rudds

captured in trap-nets set in Buffalo Harbor and the upper

Niagara River during late spring 2012–2013 ranged from

173 to 441 mm total length (mean = 351 mm,

SE = 2 mm; Kapuscinski, unpublished data). Despite the

fact that trap-nets are biased toward capturing larger (older)

rudds, the presence of multiple year-classes was evident

(Fig. 1). Rudds can live at least 15 years in the upper

Niagara River (Kapuscinski et al. 2012a), and therefore

have the potential to acquire substantial amounts of

contaminants. These contaminants may bioaccumulate in

the ecosystem if rudds are consumed by a predator, or be

translocated upon the death and decomposition of rudds.

Quantifying concentrations of chemical residues in rudds

and making comparisons to other fish species is needed to

update advice on human consumption of fish, and to pro-

vide a better understanding of how invasive species alter

contaminant pathways. Therefore, we (1) sampled rudds to

quantify concentrations of nine classes of contaminants,

including aldrin, total chlordanes, dichlorodiphenyltri-

chloroethane (DDT) and metabolites, heptachlor, hexa-

chlorobenzene (HCB), hexachlorocyclohexanes (HCH),

total Hg, mirex, and total polychlorinated biphenyls

(PCBs), and (2) compared concentrations of contaminants

to those found in six other fish species of the upper Niagara

River from various trophic levels, ranging from the

omnivorous common carp Cyprinus carpio (Linnaeus,

1758) to predaceous largemouth bass Micropterus salmo-

ides (Lacépède, 1802).

Materials and Methods

Fishes were collected by electrofishing in the upper Niag-

ara River on 27 May 2010, 15–16 June 2012, 19 June 2012,

21 June 2012, and 16 August 2012. All fishes were

immediately placed on ice until they could be frozen and

transported to the New York State Department of Envi-

ronmental Conservation Hale Creek Field Station, Glov-

ersville, New York, where they were stored at -20�C or

colder until they were analyzed. Standardized procedures

0

5

10

15

20

25

30

35

40

45

50

170 190 210 230 250 270 290 310 330 350 370 390 410 430 450

Fr
eq

ue
nc

y

Total length (mm)

Fig. 1 Length-frequency

distribution of rudds captured in

trap-nets set in Buffalo Harbor

and the upper Niagara River in

late spring 2012–2013

568 Bull Environ Contam Toxicol (2014) 93:567–573

123

Author's personal copy



used skin-on fillets that were homogenized in a Waring

Commercial Pro Prep Chopper/Grinder Model WCG75/

WCG75C, and sub-samples (2–10 g for Hg and 20 g for

organochlorines) for each contaminant analysis were

placed in glass bottles. Sub-samples for total Hg were

stored frozen until they were analyzed, whereas sub-sam-

ples for analysis of PCBs and organochlorine pesticides

were freeze-dried and soxhlet-extracted with hexane/ace-

tone (1:1), followed by a florisil cleanup step. All fish fillets

were analyzed for percent moisture, percent lipids, and

concentrations (lg/g) of aldrin, total chlordanes, total DDT

(p,p’ DDD ? p,p’ DDE ? p,p’ DDT ? o,p’ DDE ? o,p’

DDT), heptachlor, HCB, total HCHs, total Hg, mirex, and

total PCBs (Aroclor 1242 ? Aroclor 1254/1260). Method

detection limits (MDLs) for PCBs and organochlorine

compounds ranged from 0.002 to 0.005 lg/g dry weight.

Total Hg was quantified by cold vapor atomic absorption

spectrometry, using a Leeman Labs AP/PS200II Mercury

Analysis System and following the methods of Lobring and

Potter (1991). Total PCBs and organochlorine pesticides

were quantified by capillary gas chromatography-electron

capture detector, and at least ten percent of the samples

were qualitatively confirmed by capillary gas chromatog-

raphy–mass spectrometry, following the methods of the US

Food and Drug Administration (1994). Mean percent

recovery of mercury from DORM-2 reference material

(dogfish shark muscle; National Research Council Canada)

ranged from 98 to 106 % with a method detection limit of

5.2 ng/g wet weight. For PCBs and organochlorine pesti-

cides, matrix spike recoveries ranged from 74 to 128 %.

Analyte concentrations quantified in SRM 1947 and HR

FCM reference materials (National Institute of Standards

and Technologies; New York Department of Environ-

mental Conservation) ranged between 64 % and 114 % of

reported values. Method detection limits ranged from 2 to

30 ng/g wet weight for the study compounds. Sample

concentrations were not recovery corrected. Dry weight

lipid-corrected levels of total DDT and PCBs were calcu-

lated as (DDT or PCB dry weight)/(% lipids/100).

In order to place the results obtained from rudds into a

broader ecological context, we compared them to results

obtained from six other species: common carp, freshwater

drum Aplodinotus grunniens (Rafinesque, 1819), large-

mouth bass, rock bass Ambloplites rupestris (Rafinesque,

1817), smallmouth bass M. dolomieu (Lacépède, 1802),

and yellow perch Perca flavescens (Mitchill, 1814). We

calculated species-specific means and standard errors for

percent moisture, percent lipids, and total Hg, and com-

pared means via analysis of variance (ANOVA; a = 0.05;

SAS 9.3, SAS Institute Inc., Cary, North Carolina); Tu-

key’s Honestly Significant Difference test for multiple

comparisons (a = 0.05) was used to determine which

means differed. Prior to comparing mean concentrations of

total DDT, lipid-corrected total DDT, total PCBs, and

lipid-corrected total PCBs, we replaced all values that were

below the MDL with randomly generated numbers between

zero and the MDL (total DDT = 0.016 lg/g = 0.002 lg/g

for p,p’ DDD ? 0.002 lg/g for p,p’ DDE ? 0.002 lg/g

for p,p’ DDT ? 0.005 lg/g for o,p’ DDE ? 0.005 lg/g

for o,p’ DDT; total PCBs = 0.04 lg/g = 0.01 lg/g for

Aroclor 1242 ? 0.03 lg/g for Aroclor 1254/1260).

Results and Discussion

With the exception of one common carp sample, concen-

trations of aldrin, total chlordanes, heptachlor, HCB, total

HCHs, and mirex were less than the MDL for all fishes.

Concentrations of total DDT, total Hg, and total PCBs were

relatively low for the 15 rudds sampled. Levels of total

DDT ranged from BMDL-0.030 lg/g (mean = 0.02 lg/g

for rudds with detectable levels, SE = 0.00, three rudd

samples below MDL); lipid-corrected levels of total DDT

ranged from 0.19 to 0.71 lg/g (mean = 0.40 lg/g for

rudds with detectable levels, SE = 0.05). Furthermore,

levels of o,p’ DDE and o,p’ DDT were BMDL for all rudds

sampled, one rudd was above the MDL for p,p’ DDE, and

two rudds were above the MDL for p,p’ DDT. Levels of

total Hg in rudds ranged from 0.01 to 0.12 lg/g

(mean = 0.03 lg/g, SE = 0.01), and total PCBs ranged

from BMDL-0.20 lg/g (mean = 0.06 lg/g for rudds with

detectable levels, SE = 0.01, seven rudd samples below

MDL). Lipid-corrected levels of total PCBs ranged from

0.89 to 6.05 lg/g (mean = 2.80 lg/g for rudds with

detectable levels, SE = 0.48).

Concentrations of total Hg, total PCBs, and organo-

chlorine pesticides in rudds were well below federal

guidelines for the protection of human consumers of fish

(US Food and Drug Administration 2002, 2009). Further,

concentrations of total Hg and total PCBs were within

more stringent guidelines recommended for Great Lakes

fishes that would permit human consumption of rudds at a

frequency of at least one meal per week (Anderson et al.

1993; Great Lakes Fish Advisory Workgroup 2007). If

reducing the biomass of rudd were determined to be eco-

logically beneficial in Buffalo Harbor and the Niagara

River, resource managers could consider targeted harvest,

given the low concentrations of contaminant in rudds and

their susceptibility to being captured in trap-nets (up to

2,757 per net night; Kapuscinski, unpublished data).

Angling for rudds is very popular in New Zealand (Hicks

2003), so promotion of a recreational fishery could enhance

use of this poorly-exploited resource and potentially help

reduce the abundance of rudds.

The low concentrations of every contaminant tested for

in rudds indicate that either (1) rudds did not assimilate
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contaminants through their macrophyte-dominated diet, (2)

macrophytes in the upper Niagara River had low concen-

trations of contaminants, despite their growth within an

AOC, or (3) the rudds sampled lived and fed in an area

with little contaminants, and were therefore not represen-

tative of the population living throughout the AOC.

Aquatic macrophytes can sequester contaminants, such as

As, Cd, Pb, and Hg (Mortimer and Kudo 1975; Chigbo

et al. 1982; Mortimer 1985; Simon and Boudou 2001). If

macrophytes in Buffalo Harbor and the upper Niagara

River do contain significant amounts of contaminants, then

rudds probably relocate contaminants by defecating par-

tially digested macrophytes into the water column and onto

sediments. Analyses of rudd movements and contaminant

levels in macrophytes and rudds from throughout the AOC

would help clarify what role, if any, the rudd plays in

contaminant dynamics.

Mean values of percent moisture (ANOVA, F6,111 =

28.59, p \ 0.001), percent lipids (ANOVA, F6,111 = 23.53,

p \ 0.001), and concentration of total Hg (ANOVA,

F6,111 = 74.18, p \ 0.001) differed among the seven spe-

cies of fish sampled (Table 1). Rock bass (80.5 %) and

yellow perch (80.4 %) had greater mean percent moisture

than smallmouth bass (77.7 %) and rudds (77.5 %), which

were in turn greater than common carp (72.7 %) and

freshwater drum (72.4 %); mean percent moisture of

largemouth bass (78.9) was intermediate and only differed

from common carp and freshwater drum (Table 1). In

contrast, mean percent lipids were greater in common carp

(8.0 %) and freshwater drum (8.6 %) than all other species.

Mean concentrations of total Hg were generally highest in

freshwater drum (0.65 lg/g) and lowest in rudds (0.03 lg/g;

Fig. 2); pairwise species comparisons are listed in Table 1.

Table 1 Sample sizes n, and

mean values (standard errors

below) for total length, percent

moisture, percent lipids, and

concentrations (lg/g) of total

Hg, total PCBs, lipid-corrected

(LC) total PCBs, total DDT, and

LC total DDT in skin-on fillets

of largemouth bass (LMB),

smallmouth bass (SMB), rock

bass (RB), yellow perch (YP),

freshwater drum (FWD),

common carp (CC), and rudd

(RUDD) collected from the

upper Niagara River

Means having no common letter

were determined statistically

different by analysis of variance

followed by a Tukey’s multiple

comparisons test (p \ 0.05)

Fish species ANOVA

LMB SMB RB YP FWD CC RUDD Probability HMSE

N 15 15 16 23 13 15 15

Total length 352 366 183 183 580 530 346

9 12 5 7 16 16 9

% moisture 78.86ab 77.68b 80.52a 80.43a 72.41c 72.73c 77.54b \0.001 2.473

0.37 0.40 0.36 0.37 1.06 1.17 0.30

% lipids 2.04a 1.81a 0.97a 1.47a 8.65b 8.00b 3.02a \0.001 2.557

0.26 0.26 0.11 0.14 1.24 1.38 0.18

Total Hg 0.15ab 0.17a 0.09abc 0.05bc 0.65d 0.09abc 0.03bc \0.001 0.092

0.02 0.02 0.01 0.00 0.07 0.02 0.01

Aroclor 1242 0.02a 0.04a 0.01a 0.02a 0.02a 0.55a 0.02a 0.233 0.661

0.01 0.00 0.00 0.47 0.00 0.01 0.00

Aroclor

1254/1260

0.12a 0.15a 0.03a 0.05a 0.19a 0.35a 0.04a 0.200 0.369

0.02 0.02 0.01 0.26 0.01 0.01 0.04

Total PCBs 0.14a 0.19a 0.04a 0.07a 0.22a 0.89a 0.05a 0.251 1.025

0.03 0.02 0.01 0.72 0.01 0.01 0.05

LC total PCBs 7.79ab 11.59a 3.87b 4.54b 3.30b 6.11ab 1.86b \0.001 5.951

1.81 1.17 0.43 3.32 0.69 0.42 0.82

Total DDT 0.02a 0.02a 0.01a 0.01a 0.02a 0.06a 0.01a 0.275 0.057

0.00 0.00 0.00 0.04 0.00 0.00 0.00

LC total DDT 1.02a 1.22a 1.26a 0.92ab 0.30c 0.49bc 0.36c \0.001 0.474797

0.15 0.13 0.10 0.19 0.08 0.04 0.12
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Fig. 2 Mean concentration (±SE) of total Hg in skin-on fillets of

largemouth bass (LMB), smallmouth bass (SMB), rock bass (RB),

yellow perch (YP), freshwater drum (FWD), common carp (CC), and

rudd (RUDD) sampled from the upper Niagara River
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Mean concentrations of DDT (ANOVA, F6,111 = 1.27,

p = 0.275) and total PCBs (ANOVA, F6,111 = 1.33,

p = 0.251) did not differ among species; however, lipid-

corrected levels of DDT (ANOVA, F6,111 = 10.86,

p \ 0.001) and PCBs (ANOVA, F6,111 = 4.54, p \ 0.001)

both differed among species (Table 1). Mean concentra-

tions of total DDT and PCBs appeared greater in common

carp than all other species (Figs. 3, 4), but this resulted

from very high concentrations in one individual (0.624 lg/g

of DDT and 10.98 lg/g of PCBs); all other common carp

contained B0.049 lg/g of DDT and B0.745 lg/g of PCBs.

Lipid-corrected levels of DDT were generally highest in

smallmouth bass, largemouth bass, and rock bass and

lowest in freshwater drum and rudd; common carp and

yellow perch had intermediate levels (Table 1; Fig. 3).

Lipid-corrected levels of PCBs were higher in smallmouth

bass than rock bass, yellow perch, freshwater drum, and

rudd (Table 1; Fig. 4). Mean concentrations of Aroclor

1242 (ANOVA, F6,111 = 1.37, p = 0.233) and 1254/1260

(ANOVA, F6,111 = 1.463, p = 0.200) did not differ
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Fig. 3 Mean concentrations

(±SE) of total DDT and lipid-

corrected (LC) DDT in skin-on

fillets of largemouth bass

(LMB), smallmouth bass

(SMB), rock bass (RB), yellow

perch (YP), freshwater drum

(FWD), common carp (CC), and

rudd (RUDD) sampled from the

upper Niagara River. Note:

values below the method

detection limit (0.016 lg/g dry

weight) were replaced with

randomly generated numbers

between zero and the method

detection limit
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fillets of largemouth bass
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among species, even though there was a 55-fold difference

in Aroclor 1242 and a 12-fold difference in Aroclor

1254/1260 between common carp and rock bass (Table 1).

Establishment of non-native fishes can alter food web

structure and contaminant concentrations in resident fishes,

either by creating novel trophic/contaminant pathways

(Kwon et al. 2006) or by causing resident fishes to use

different prey species and foraging habitats that change

their exposure to contaminants (Eagles-Smith et al. 2008).

Furthermore, if invasive fishes cause dietary shifts for

resident fishes that result in reduced growth rates, then

increases in total Hg concentrations are likely to co-occur

(Essington and Houser 2003; Simoneau et al. 2005). In

contrast, invasions by rainbow smelt Osmerus mordax

(Mitchill, 1814) have resulted in only minor increases in

the concentration of total Hg in resident fishes (Johnston

et al. 2003). Swanson et al. (2006) concluded that only

long-lived piscivores (e.g., lake trout Salvelinus namaycush

[Walbaum, 1792]) that switched to feeding on large rain-

bow smelt would have an increased concentration of total

Hg following invasion by rainbow smelt.

It is unclear what effects, if any, the establishment of rudd

in Buffalo Harbor and the Niagara River has had on con-

centrations of contaminants in resident fishes. The rudd is

relatively abundant in Buffalo Harbor and the upper Niagara

River (Kapuscinski et al. 2012b), and smaller individuals are

likely consumed by a variety of piscivores. The invasion by

rudd has established a novel trophic/contaminant pathway in

the local fish community, at least during warm-water

months when diets of rudds are dominated by macrophytes

(Kapuscinski et al. 2012a). Unfortunately, the extent to

which the rudd has been integrated into the food web is

unknown. The establishment of rudds as prey fish may

contribute to reductions in concentrations of contaminants

in piscivores if rudds are replacing prey fish that contain

greater concentrations of contaminants. If, however, rudds

have low energy density and piscivores feeding on rudds

have slower growth, then concentrations of total Hg in pi-

scivores may increase. Future research is warranted to

determine how the incorporation of rudds into food webs

alters bioaccumulation rates of contaminants in piscivores.

Surprisingly, total Hg concentrations were greater in

freshwater drum than the piscivorous largemouth bass and

smallmouth bass, contrary to previous research by Kidd

et al. (1995), which showed that concentrations of Hg

increased with trophic position of fishes in six lakes in

northwestern Ontario. Eagles-Smith et al. (2008) reported

an increase in concentrations of total Hg for fishes that

switched from pelagic to benthic diets following the

invasion of threadfin shad Dorosoma petenense (Günther,

1867) in Clear Lake, CA, despite the fact that concentra-

tions of methyl Hg were greater in pelagic than benthic

prey. It should be noted, however, that we did not estimate

the ages of the fishes we sampled, so higher concentrations

of total Hg in freshwater drum than largemouth and

smallmouth bass may have been influenced by age effects.

Further research that accounts for age effects is needed to

determine how foraging habitat and trophic position

influence concentrations of contaminants in both native and

non-native fishes of Buffalo Harbor and the Niagara River.
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