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Abstract Numbers of wintering sea ducks, including
buffleheads (Bucephala albeola; BUFF), common goldeneyes (Bucephala clangula; COGO), and long-tailed ducks
(Clangula hyemalis; LTDU), increased substantially at
Lake Ontario after Dreissenid mussels (Dreissena bugensis
and D. polymorpha) colonized the Great Lakes. Invertebrates, including Dreissenid mussels, are major diving duck
prey items that can transfer some trace elements, such as
selenium (Se) to higher trophic levels. Se can be problematic for waterfowl and it often has been detected at
elevated levels in organisms using the Great Lakes. There
are, however, few data on hepatic Se concentrations in sea
ducks, particularly during the winter at Lake Ontario. In
this study, we evaluated interspecific differences and
temporal trends in hepatic Se concentrations among BUFF
(n = 77), COGO (n = 77), and LTDU (n = 79) wintering
at Lake Ontario. All three species accumulated Se
throughout winter, but COGO did so at a higher rate than
did BUFF and LTDU. Overall, Se concentrations were
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higher in LTDU [x ¼ 22:7; 95% CI = 20.8–24.8 lg/g dry
weight (dw)] than in BUFF (x ¼ 12:3; 95% CI = 11.6–
13.1 lg/g dw) and COGO (x ¼ 12:0; 95% CI = 10.7–
3.5 lg/g dw) throughout the winter. Se concentrations were
deemed elevated ([33 lg/g dw) in 0%, 5%, and 19% of
BUFF, COGO, and LTDU, respectively. Presently there
are no data on Se toxicity end points for these species, so it
is unclear how acquiring concentrations of these magnitudes affect their short- and long-term health or
reproduction.

The lower Great Lakes (LGL) and associated wetland
complexes provide some of the most important habitat for
waterfowl in eastern North America (Dennis et al. 1984;
Prince et al. 1992). As a result of its geographical location
within a highly industrialized, agricultural, and populated
region of North America, aquatic ecosystems in the LGL
basin are subject to numerous environmental stressors. The
LGL also are an important trans-Atlantic and international
shipping corridor, which periodically results in the introduction of invasive species (Environment Canada 2006).
Two of the most prominent factors affecting the LGL
ecosystem, and thus waterfowl, are non-native species
introductions and environmental contaminants (Custer and
Custer 1996; 2000; Wormington and Leech 1992).
The introduction of Dreissenid mussels (collectively
zebra mussels, Dreissena polymorpha, and quagga mussels, D. bugensis) was one of the most biologically significant events to have occurred in recent times within the
LGL and had major implications for the abundance, distribution, and food of waterfowl (Badzinski and Petrie
2006; Custer and Custer 1996; Hamilton and Ankney 1994;
Wormington and Leech 1992). Dreissenid mussels were
first detected in Lake St. Clair during the mid-1980s and
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became widespread and abundant throughout the LGL by
the mid to late 1990s (Griffiths et al. 1991; Hebert et al.
1991). Dreissenid mussels are associated with concurrent
declines in Gastropoda populations, but their shells also
can increase available surface area for colonization by
other invertebrates, including Amphipoda and Chironomidae (Stewart and Haynes 1994; Wisenden and Bailey
1995).
Following Dreissenid mussel introduction, there were
not only large increases in numbers of spring- and fallmigrant lesser scaup (Aythya affinis) and greater scaup
(Aythya marila) on the LGL but also in numbers of sea
ducks, including scoters (Melanitta spp.), long-tailed ducks
(Clangula hyemalis), bufflehead (Bucephala albeola), and
common goldeneyes (Bucephala clangula) during the
winter at Lake Ontario (Petrie and Knapton 1999;
Schummer 2005). In some years, a combination of factors
might enable large numbers of sea ducks to winter at Lake
Ontario, including relatively mild temperatures, reduced
ice cover, and locally abundant invertebrate forage (Assel
2003; Schummer et al. 2008b).
Invertebrates, such as Dreissenid mussels and Amphipoda, are major prey items of diving and sea ducks staging
and wintering at the LGL (Custer and Custer 1996; Ross
et al. 2005; Mitchell and Carlson 1993; Schummer et al.
2008a) and are known to bioaccumulate organic contaminants and trace elements present within aquatic environments (Custer et al. 2000; Mills et al. 1993; Secor et al.
1993; Weegman and Weegman 2007). Several studies have
focused on selenium (Se) acquisition and possible Serelated effects on staging and winter body condition and
health of lesser and greater scaup on the Great Lakes
(Custer et al. 2000, 2003; Petrie et al. 2007; Ware 2008).
Despite that sea ducks are also a major seasonal component
of the LGL ecosystem, there are relatively few data on
potential linkages among winter foods and Se acquisition
for these species (Custer and Custer 2000; Schummer
2005; Sea Duck Joint Venture Management Board 2008).
In this study, we examined interspecific patterns and
temporal dynamics of hepatic Se concentrations in buffleheads (BUFF), common goldeneyes (COGO), and longtailed ducks (LTDU) collected during the winters of
2002–2003 and 2003–2004 on northeastern Lake Ontario.
Dreissenid mussels and Amphipoda collected from the
LGL and elsewhere contain detectable Se concentrations
in their tissues (Custer et al. 2000; Mills et al. 1993; Ware
2008; Weegman and Weegman 2007). During winter, at
the LGL, invertebrates are common prey of BUFF,
COGO, and LTDU (Custer and Custer 1996; Ross et al.
2005), but these species had slightly different diets and/or
foraging strategies at Lake Ontario (Schummer et al.
2008a). Thus, we expected that hepatic Se concentrations
would increase throughout winter in all three species but
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also that concentrations might differ among species. We
further compare hepatic Se concentrations of these species
to (1) biological effect thresholds determined from captive
mallards [Anasplatyrhynchos; C10 lg/g dry weight
(dw) = reproductive impairment; C33 lg/g dw = health
impairment; Heinz et al. 1990], (2) liver concentrations in
other waterfowl, particularly those collected on the Great
Lakes, and (3) those of conspecifics collected from other
locations and periods during the annual cycle. These
comparisons will determine whether any of these species
of sea ducks wintering on Lake Ontario have potentially
‘‘elevated’’ (i.e., [33 lg/g dw; Heinz et al. 1990) Se
concentrations, plus assess extent of temporal and geographic variation in hepatic Se concentrations within these
species.

Materials and Methods
Study Area
This study was conducted at Lake Ontario, along the
southeast shoreline of Prince Edward County, Ontario.
Substrate and vegetation varied across the study area; mud
substrate and abundant submerged aquatic macrophytes in
the west (43°550 N, 77°020 W) and limestone substrate with
little or no vegetation at the east end of Prince Edward Bay
(43°560 N, 76°510 W) to Point Petre (43°500 N, 77°090 W;
Barton 1986). Thus, once shallow bays at the west end of
the bay froze, available food generally were benthic
invertebrates, including Dreissenid mussels, Chronomidae,
Amphipoda, and Gastropoda. Lake Ontario remains relatively ice-free most years (Assel 2003) and provides winter
habitat for waterfowl, particularly sea ducks (Schummer
2005).
Liver Collections
We conducted this study under Canadian Wildlife Service
Scientific-Capture Permit No. CA 0166. We collected adult
ducks totaling 166 (2002–2003 = 102, 2003–2004 = 64)
BUFF, 119 (2002–2003 = 59, 2003–2004 = 60) COGO,
and 165 (2002–2003 = 77, 2003–2004 = 88) LTDU during 2002–2003 and 2003–2004 from December to March.
All specimens were collected using shotguns (with steel
shot). We attempted to collect birds each week throughout
each winter (*50 individuals of each species per month)
from 26 locations widely distributed across 60 km of
shoreline. We ended collections when large changes in
waterfowl abundance were observed during weekly surveys conducted in late winter; this minimized inclusion of
migrants in analyses (Schummer 2005). At the end of daily
collection sessions, birds were tagged, double-bagged,
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frozen, and transported to laboratory facilities at the University of Western Ontario, London, Ontario.
In the lab, birds were thawed at room temperature and
dissected as described by Schummer (2005). During dissections, small samples of liver tissue (*5 g) were
excised from each bird, placed separately in sample bags,
and stored frozen until analyzed for Se. We did not
analyze liver samples of all birds collected but rather a
subset of individuals of each species. Livers heavily
damaged during collection or those contaminated with
visible amounts of bile were excluded from analyses. We
randomly selected 40 livers from each species and sex for
Se analyses. To distribute samples throughout winter, we
divided total sample size (pooled for 2002–2003 and
2003–2004) of usable livers by 40 to produce a selection
integer for each species and sex. Next, for each species
and sex, we selected the bird collected earliest in
December for Se analysis and used the selection integer
to determine subsequent ducks to sample. For some species and sex combinations, a sample size of 40 was not
available.

March), plus interactive effects of Year 9 Day, Species 9 Day, and Sex 9 Day. Year and sex (plus two-way
interactions with day) were included in models to test and
control for possible variation due to these factors. Specification of remaining effects allowed us to test our hypotheses that hepatic Se concentrations would increase
throughout winter in all three species and Se concentrations
would differ among species. Type 3 sums of squares were
evaluated and the initial model was reduced using backward
elimination of interactions and appropriate main effects
(p [ 0.10). A Normal probability plot of model residuals
was assessed and it was determined that a log (ln) transformation of hepatic Se concentrations was necessary to
normalize error residuals; data conformed to all other
assumptions of linear models. Throughout, we report geometric means and predicted values (back-transformed), and
parameter estimates (ln-transformed) and 95% confidence
intervals are reported.

Contaminant Analyses

The final model describing variation in log-transformed
hepatic Se concentrations of sea ducks included the main
effects and interaction between species and day (Model:
R2 = 0.55, F5, 227 = 55.87, p B 0.0001; Effects: species, F2, 227 = 25.24, p B 0.0001; day, F1, 227 = 83.94,
p B 0.0001; Species 9 Day, F2, 227 = 4.45, p = 0.0127).
This model showed that hepatic Se concentrations
increased throughout winter in all three species, but COGO
accumulated Se at a faster rate than did BUFF and LTDU
(Fig. 1; Tables 1, 2). Throughout the entire winter, BUFF
had much lower hepatic Se concentrations than did LTDU.
BUFF also had lower Se concentrations than did COGO
late in winter, but both species had relatively similar concentrations throughout early- and mid-winter periods. In
addition, COGO had lower hepatic Se concentrations than
did LTDU throughout winter, but they began to approach
concentrations accumulated by LTDU later in winter
(Fig. 1).

Frozen liver tissues were sent to Laurentian University,
Sudbury, Ontario (Belzile et al. 2005). Liver samples were
freeze-dried and ground to fine powder before digestion.
After homogenization, a 0.2-g liver sample was weighed
and digested with 2.0 mL of 30% (w/w) H2O2 and 8.0 mL
of 15.0 M HNO3 in a microwave digestion system. A
procedure including a three-step preheating was applied
and the microwave digestion was done at 210°C for
10 min. The digest was diluted to appropriate concentration before the determination of total Se by hydride generation–atomic fluorescence spectrometry (HG-AFS; PSA
Millennium Excalibur 10.055). The instrument detection
limit was 5 ng/L for Se and the method detection limit was
2.5 lg/kg dw. For quality control, the certified reference
material DOLT-2 (dogfish liver) was used. For every eight
samples digested, a reagent blank and a DOLT-2 sample
were analyzed and 100% of DOLT-2 control analyses were
within the certified variation range (6.06 ± 0.49 mg/kg
dw). All reagent blanks were very low and therefore
neglected.

Results

Discussion

Statistical Analyses

Se Acquisition and Interspecific Differences
in Sea Ducks

We used a General Linear Model using least squares (SAS
Institute 2002) to evaluate several sources of variation in
hepatic Se concentrations of sea ducks. The model we initially specified included main effects of year (2002–2003,
2003–2004), species (BUFF, COGO, LTDU), sex (female,
male), and day (both years: 1 = 15 December; 100 = 22

Rates of acquisition and levels of trace elements or contaminants in birds are influenced by diet and trophic foraging level (Di Giulio and Scanlon 1984; Heinz 1996;
Mazak et al. 1997). Major invertebrates eaten by BUFF,
COGO, and LTDU at Lake Ontario have been shown to
contain varying concentrations of Se (Mills et al. 1993;
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Fig. 1 Hepatic Se
concentrations (lg/g dry
weight) of BUFF, COGO, and
LTDU collected from Lake
Ontario along the southeast
shoreline Prince Edward
County, Ontario, Canada,
during winters 2002–2003 and
2003–2004. Solid line linear
regression fit line, dotted
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Table 1 Descriptive statistics of concentrations (lg/g dry weight) of
hepatic Se of BUFF, COGO, and LTDU collected at northeastern
Lake Ontario, December–March, 2002–2003 and 2003–2004
Statistic

BUFF

COGO

LTDU

Table 2 Parameter estimates and 95% CI (confidence interval) from
the model assessing sources of variation in hepatic selenium concentrations (lg/g dry weight) of BUFF, COGO, and LTDU collected
at northeastern Lake Ontario, December–March, 2002–2003 and
2003–2004

N

77

77

79

Parameter

Estimate

95% CI

Geometric mean

12.36

12.03

22.69

95% CI

11.62–13.12 10.74–13.47 20.80–24.75

Range

6.89–25.00

5.02–57.53

10.52–71.36

Intercept
Species (BUFF)

2.82436
-0.63679

2.73773 to 2.91099
-0.75788 to -0.51570

Median

12.30

11.10

23.42

-0.82941 to -0.62125

% \10 lg/g dry weighta

22%

42%

1%

% 10–33 lg/g dry weight 78%

53%

85%

% C33 lg/g dry weight

5%

14%

0%

a

C10 ppm dry weight = reproductive impairment in
lards; C33 ppm dry weight = health impairment in mallards

mal-

Species (COGO)

-0.72533

Species (LTDU)

0.00000

–

Day

0.00540

0.00388 to 0.00691

Species 9 Day (BUFF)

0.00074

-0.00134 to 0.00282

Species 9 Day (COGO)

0.00501

0.00310 to 0.00692

Species 9 Day (LTDU)

0.00000

–

Source: Data from Heinz et al. (1990)

Secor et al. 1993; Ware 2008). As expected, we found that
hepatic Se concentrations increased throughout winter
within each of these sea duck species. Our results suggest
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that each of these three sea duck species, at least in part,
obtain and accumulate Se throughout winter by eating
benthic and pelagic invertebrates obtained from northeastern Lake Ontario.
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Interspecific differences in diet and types of invertebrates consumed might account for differences observed in
Se burdens (and rates of Se acquisition) by these three sea
duck species during winter at northeastern Lake Ontario. In
early winter, COGO at our study area consumed mostly
plant matter, whereas LTDU fed nearly exclusively on
aquatic macroinvertebrates (Amphipoda, Chironomidae,
and Dreissenid mussels; Schummer et al. 2008a). Aquatic
plants often have lower Se concentrations than do consumers, such as aquatic invertebrates (Hamilton and Buhl
2004; Sandholm et al. 1973). Thus, the lower hepatic Se
concentrations in COGO relative to LTDU during early
winter might have partly resulted from their consumption
of an omnivorous, relatively low Se diet. Both BUFF and
LTDU primarily ate aquatic macroinvertebrates throughout
winter, but LTDU (and COGO during mid/late winter) ate
more Dreissenid mussels than did BUFF at our study site
(Schummer et al. 2008a). It is plausible that Dreissenid
mussels, which are prolific filter feeders, might have had
higher contaminant concentrations than did other major
prey items (de Kock and Bowmer 1993). As a result, BUFF
might have had lower hepatic Se concentrations because
they consumed Dreissenid mussels much less frequently
than did LTDU (and to some extent COGO). The above
circumstantial evidence suggests that Dreissenid mussels
influence hepatic Se concentrations to a greater degree
relative to other prey for some species of ducks; this
hypothesis could be tested in future studies.
Although hepatic Se concentrations increased throughout winter in all three species, there were differences in
acquisition rates and in hepatic concentrations among
species. Lower Se burdens in COGO and BUFF relative to
LTDU during early winter might be due to lower exposure
to Se prior to arrival at Lake Ontario and to a diet lower in
Se early in winter (Schummer et al. 2008a). Relative to
BUFF and COGO, LTDU use marine areas much more
frequently during summer and fall migration (Robertson
and Savard 2002), an environment typically enriched with
respect to Se (Haygarth 1994; Ohlendorf 2003). Major
differences in summer and fall habitat use among these
species also could lead to interspecific differences in Se
acquisition at those times and influence Se concentrations
of ducks sampled during early winter in this study. It is also
probable that some ducks collected in December had been
feeding at Lake Ontario since arriving in November (Eadie
et al. 1995; Gauthier 1993; Peterjohn 1989), so early winter
Se concentrations might be the result of local acquisition.
Although it has been suggested that Se acquisition in
diving ducks is related primarily to consumption of
Dreissenid mussels (de Kock and Bowmer 1993; Petrie

et al. 2007; Ross et al. 2005), sea ducks also might acquire
Se by feeding on other invertebrates, such as Amphipoda
and Chironomidae, during winter on the LGL (Schummer
et al. 2008a). Amphipoda are omnivorous scavengers
(MacNeil et al. 1997; Thorp and Covich 1991) and might
bioaccumulate Se by consuming the soft tissues of dead
and broken Dreissenid mussels that are abundant after
winter storms (Schummer et al. 2008b). There are several
other potential pathways for sea ducks to acquire Se,
including intake of water, substrate (grit), plants, periphyton, and pseudo-feces from Dreissenid mussels (Bruner
et al. 1994; Ohlendorf 2003). Future studies should evaluate alternative avenues for trophic transfer of Se to sea
ducks, including piscivorous mergansers, molluscivorous
scoters, omnivorous diving ducks, and other higher vertebrates using Lake Ontario.
Comparisons of Se Concentrations in Sea Ducks
at Lake Ontario with Previous Studies
Review of available studies indicates that Se concentrations in BUFF, COGO, and LTDU at Lake Ontario are
comparable to those recorded for other locations at different times of the year and especially during winter (see
the Appendix). Exceptions include BUFF and COGO
sampled in western Lake Erie that showed greater Se
concentrations compared to most ducks we collected at
Lake Ontario. Notably, BUFF and COGO collected at
industrial sites of western Lake Erie had eaten primarily
Dreissenid mussels (Custer and Custer 1996), whereas
birds in our study ate primarily Chironomidae and Amphipoda (Schummer et al. 2008a). Overall, ducks collected
from areas with little or no industrial development had
lower Se concentrations, particularly during winter (see the
Appendix). Further, hepatic Se concentrations in BUFF and
COGO in our study differed little from those of lesser
scaup (Aythya affinis) at other waterfowl staging and
wintering locations in Illinois (ðx ¼ 12:2 lg=g dwÞ, Louisiana (x ¼ 11:8 lg=g dw; Anteau et al. 2007), and Ontario
(fall x ¼ 5:98 lg=g dw, spring x ¼ 15:6 lg=g dw; Petrie
et al. 2007). Compared to BUFF and COGO, few data exist
for Se concentrations in LTDU during winter. Review of
those limited data showed that LTDU had relatively consistent Se levels throughout the year and concentrations in
birds we collected at Lake Ontario were similar to or only
slightly higher than those at Chesapeake Bay and at
breeding grounds in Canada (see the Appendix). Similar to
other studies of Se in waterfowl from the LGL (Custer and
Custer 2000; Custer et al. 2000; Petrie et al. 2007), our
results suggest that Lake Ontario is a source of Se for
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wintering sea duck species but less of a source than western
Lake Erie (Custer and Custer 2000), and hepatic Se concentrations differ little from other wintering and staging
areas for which data exist.
Potential Se-Related Impacts for Sea Ducks
Selenium is a trace element that is required for normal
physiological processes in birds, but one for which there is
a narrow threshold between background and harmful concentrations beyond which point reproductive impairment,
acute health issues, and death can occur (Heinz et al. 1990;
Hoffman 2002). Toxicity thresholds for Se have been only
determined from studies using captive mallards; thus, data
are not available for biological effect thresholds (e.g.,
reproductive impairment, health issues) for BUFF, COGO,
or LTDU. Heinz et al. (1990) determined for mallards that
Se concentrations C10 lg/g dw impaired reproduction,
whereas concentrations C33 lg/g dw caused acute health
problems. During winter at Lake Ontario, 99% of LTDU
had Se concentrations C10 lg/g dw and 14% of individuals had concentrations [33 lg/g dw. Se concentrations [33 lg/g dw also were found in 14% (4 of 21) of
COGO collected late in the winter, but no BUFF contained
concentrations that high at any time throughout winter.
Thus, health-related issues resulting from prolonged
exposure and elevated concentrations of Se might be more
probable in LTDU, compared to BUFF and COGO, wintering at Lake Ontario.
Relative to mallards, however, LTDU have a greater
affinity for marine environments, which, compared to most
freshwater environments, have naturally higher Se concentrations (Haygarth 1994; Ohlendorf 2003). Franson et al.
(2007) suggested that common eiders (Somateria mollissima) and other sea ducks, are likely able to tolerate higher
hepatic Se concentrations without negative health effects
(see the Appendix; also see Franson et al. 2004). Se concentrations that greatly exceed 10 lg/g dw have been
reported in white-winged scoter (Melanitta fusca;

x ¼ 32:6 lg=g dw; DeVink et al. 2008a), king eider
(Somateria spectabilis; 
x ¼ 33:2 lg=g dw; Braune and
Malone 2006), and surf scoter (Melanitta perspicillata;

x ¼ 35:3 lg=g dw; Braune and Malone 2006) without
noticeable health effects. Although to a lesser extent than
LTDU, BUFF and COGO also frequent tidal and marine
systems (Eadie et al. 1995; Robertson and Savard 2002) and
thus, like other sea ducks, also might be adapted to tolerate
higher Se concentrations. It is thus currently unknown what
effects, if any, Se concentrations accumulated by these three
sea duck species wintering at Lake Ontario might have on
immediate and/or future health and possibly reproduction.
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Conclusion
We found that individuals of three sea duck species,
particularly LTDU, at northeastern Lake Ontario accumulated Se throughout winter. The highly urbanized and
industrialized northwestern section of Lake Ontario typically contains much larger concentrations of sea ducks,
including BUFF, COGO, LTDU, and scoters (Melanitta
spp), than does the northeastern part of the lake (Long
Point Waterfowl, unpublished data). Sea ducks using that
major wintering area might have higher Se concentrations
and might thus be at higher risk to Se-related health
issues than birds using northeastern Lake Ontario. Given
the variety of functional foraging groups of invertebrates
within the Great Lakes, a better understanding of Se
concentrations in invertebrate communities and other
possible transfer pathways is needed to adequately assess
avenues of Se acquisition in sea ducks. The majority of
birds in this study had hepatic concentrations C10 lg/g
dw, a level that can cause reproductive problems in
mallards. Sea ducks are long-distance migrants and typically nest months after departing from Lake Ontario
(Eadie et al. 1995; Gauthier 1993; Robertson and Savard
2002), which allows considerable time for individuals to
depurate Se prior to reproduction (see DeVink et al.
2008b; Grand et al. 2002; Heinz et al. 1990). Acute health
problems occurred in mallards at hepatic Se concentrations [33 lg/g dw (Heinz et al. 1990), a level detected in
0% of BUFF, 5% of COGO, and 14% of LTDU. In this
study we did not investigate acute health effects of various Se concentrations. Captive research should be conducted to document mobility and fate of Se, specific
histological and physiological effects, and critical exposure rates for various species of sea ducks.
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Table 3 Comparative concentrations (geometric mean; lg/g dry weight) of total hepatic) Se in livers of BUFF, COGO, and LTDU throughout
North America
Species/location

Year/season

Sex

N

Se

Citation

Buffleheads
Teslin Lake, Yukon
Watson Lake, Yukon

1988–1995

M

2

9.2

April–August

F

4

11.5

Braune and Malone (2006)

1988–1995

M

2

9.0

April–August

F

3

7.5

Braune and Malone (2006)

Yellowknife, Great Slave Lake, Northwest Territory

1988–1995

M

3

10.0

Braune and Malone (2006)

Apalachee Bay, Florida

April–August
1997

F
M&F

2
–

10.0
5.3

Michot et al. (1998)

M

10

32.1

Custer and Custer (2000)

M

2

13.0

Braune and Malone (2006)

F

1

7.3

Braune and Malone (2006)

M

4

9.0

Braune and Malone (2006)

M&F

8

36.2

Custer and Custer (2000)
Vest et al. (2009)

Winter
Western Lake Erie, Michigan

1991–1993
Fall–Spring

Common goldeneyes
Old Crow, Yukon

1988–1995
April–August

Teslin Lake, Yukon

1988–1995
April–August

Watson Lake, Yukon

1988–1995
April–August

Western Lake Erie, Michigan

1991–1993
Fall–Spring

Great Salt Lake, Utah

2004–2006

M

120

16.0

November–April

F

120

15.7

Long-tailed ducks
Kendall Island, Northwest Territory
Inuvik, Northwest Territory
Holman Island, Nunavut
Coppermine, Nunavut
Baker Lake, Nunavut
Arviat, Nunavut
Hall Beach, Nunavut
Cape Dorset, Quebec
Sanikiluaq, Quebec
Chesapeake Bay, Maryland & Virginia
Chesapeake Bay, Maryland & Virginia

1993–1994

M

4

27.0

May–July

F

5

21.0

1993–1994

M

9

27.0

May–July

F

1

12.0

1993–1994

M

8

12.0

May–July

F

2

17.0

1993–1994

M

4

21.0

May–July

F

4

18.0

1993–1994

M

6

14.0

May–July

F

4

13.0

1993–1994

M

5

12.0

May–July

F

2

6.8

Braune et al. (2005)
Braune et al. (2005)
Braune et al. (2005)
Braune et al. (2005)
Braune et al. (2005)
Braune et al. (2005)

1993–1994

M

8

8.1

May–July

F

1

5.4

1993–1994
May–July

M
F

2
5

7.3
8.7

Braune et al. (2005)
Braune et al. (2005)

1993–1994

M

4

13.0

May–July

F

4

11.0

1985–1987

M

28

17.3

January–April

F

39

18.2

1994

M

16

12.3

February–April

F

24

11.6

Braune et al. (2005)

Mashima et al. (1998)
Mashima et al. (1998)

123

Arch Environ Contam Toxicol

References
Anteau MJ, Afton AD, Custer CM, Custer TW (2007) Relationships
of cadmium, mercury, and selenium with nutrient reserves of
female lesser scaup (Aythya affinis) during winter and spring
migration. Environ Toxicol Chem 26:515–520
Assel RA (2003) Great Lakes ice cover, first ice, last ice and ice
duration: winters 1973–2002. NOAA Technical Memorandum
GLERL-125. Great Lakes Environmental Research Laboratory,
Ann Arbor
Badzinski SS, Petrie SA (2006) Diets of lesser and greater scaup
during autumn and spring on the lower Great Lakes. Wildl Soc
Bull 34:664–674
Barton DR (1986) Nearshore benthic invertebrates of the Ontario
waters of Lake Ontario. J Great Lakes Res 12:270–280
Belzile N, Chen Y-W, Gunn JM, Tong J, Alarie Y, Delonchamp T,
Lang C-Y (2005) The effect of selenium on mercury assimilation
by freshwater organisms. Can J Fish Aquat Sci 63:1–10
Braune BM, Malone BJ (2006) Mercury and selenium in livers of
waterfowl harvested in northern Canada. Arch Environ Contam
Toxicol 50:284–289
Braune BM, Hobson KA, Malone BJ (2005) Regional differences in
collagen stable isotope and tissue trace element profiles in
populations of long-tailed duck breeding in the Canadian Arctic.
Sci Total Environ 346:156–168
Bruner KA, Fisher SW, Landrum PF (1994) The role of the zebra
mussel, Dreissena polymorpha, in contaminant cycling: II. Zebra
mussel contaminant accumulation from algae and suspended
particles, and transfer to the benthic invertebrate, Gammarus
fasciatus. J Great Lakes Res 20:735–750
Custer CM, Custer TW (1996) Food habits of diving ducks in the Great
Lakes after the zebra mussel invasion. J Field Ornithol 67:86–99
Custer CM, Custer TW (2000) Organochlorine and trace element
contamination in wintering and migrating diving ducks in the
southern Great Lakes, USA, since the zebra mussel invasion.
Environ Toxicol Chem 19:2821–2829
Custer TW, Custer CM, Hines RK, Sparks DW (2000) Trace
elements, organochlorines, polycyclic aromatic hydrocarbons,
dioxins, and furans in lesser scaup wintering on the Indiana
Harbor Canal. Environ Pollut 110:469–482
Custer CM, Custer TW, Anteau MJ, Afton AD, Wooten DE (2003)
Trace elements in lesser scaup (Aythya affinis) from the
Mississippi flyway. Ecotoxicology 12:47–54
de Kock WC, Bowmer CT (1993) Bioaccumulation, biological effects
and foodchain transfer of contaminants in the zebra mussel
(Dreissena poylmorpha). In: Nalepa F, Schloesser DW (eds)
Zebra mussels: biology, impacts, and controls. Lewis, Boca
Raton, pp 503–533
Dennis DG, McCullough GB, North NR, Ross RK (1984) An updated
assessment of migrant waterfowl use of Ontario shorelines of the
southern Great Lakes. In: Curtis G, Dennis DG, Boyd H (eds)
Waterfowl studies in Ontario, Canadian Wildlife Service Occasional Paper No. 54, pp 37–42
DeVink JMA, Clark RG, Slattery SM, Wayland M (2008a) Is
selenium affecting body condition and reproduction in boreal
breeding scaup, scoters, and ring-necked ducks? Environ Pollut
152:116–122
DeVink JMA, Clark RG, Slattery SM, Scheuhammer TM (2008b)
Effects of dietary selenium on reproduction and body mass of
captive lesser scaup. Environ Toxicol Chem 27:471–477
Di Giulio RT, Scanlon PF (1984) Heavy metals in tissues of waterfowl
from the Chesapeake Bay, USA. Environ Pollut 35:29–48
Eadie JM, Mallory ML, Lumsden HG (1995) Common goldeneye
(Bucephala clangula). In: Poole A (ed) The birds of North
America. Cornell Lab of Ornithology, Ithaca

123

Environment Canada (2006) Great Lakes Wetlands Conservation
Action Plan Highlights Report 2003–2005. Environment Canada, Toronto, Ontario
Franson JC, Hollmén TE, Flint PL, Grand JB, Lanctot RB (2004)
Contaminants in molting long-tailed ducks and nesting common
eiders in the Beaufort Sea. Marine Pollut Bull 48:504–513
Franson JC, Hoffman DJ, Wells-Berlin A, Perry MC, ShearnBochsler V, Finley D, Flint PL, Hollmén TE (2007) Effects of
dietary selenium on tissue concentrations, pathology, oxidative
stress, and immune function in common eiders (Somateria
mollissima). J Toxicol Environ Health 70:861–874
Gauthier G (1993) Bufflehead (Bucephala albeola). In: Poole A (ed)
The birds of North America [Online]. Birds of North America
No. 67. Cornell Lab of Orinthology, Ithaca
Grand JB, Franson JC, Flint PL, Petersen MR (2002) Concentrations
of trace elements in eggs and blood of spectacled and common
eiders on the Yukon–Kuskokwim Delta, Alaska, USA. Environ
Toxicol Chem 21:1673–1678
Griffiths RW, Schloesser DW, Leach JH, Kovalak WP (1991)
Distribution and dispersal of the zebra mussel (Dreissena
polymorpha) in the Great Lakes region. Can J Fish Aquat Sci
48:1381–1388
Hamilton DA, Ankney CD (1994) Consumption of zebra mussels
Dreissena polymorpha by diving ducks in Lakes Erie and St.
Clair. Wildfowl 45:159–166
Hamilton SJ, Buhl KJ (2004) Selenium in water, sediment, plants,
invertebrates, and fish in the Blackfoot River Drainage. Water
Air Soil Pollut 159:2–34
Haygarth PM (1994) Global importance and cycling of selenium. In:
Frankenberger WT, Benson S (eds) Selenium in the environment. Marcel Dekker, New York, pp 1–27
Hebert PDN, Wilson CC, Murdoch MH, Lazar R (1991) Demography
and ecological impacts of the invading mollusc, Dreissenia
polymorpha. Can J Zool 69:405–409
Heinz GH (1996) Selenium in birds. In: Beyer WN, Heinz GH,
Redmon-Norwood AW (eds) Environmental contaminants in
wildlife: Interpreting tissue concentrations. Lewis, Boca Raton,
pp 447–458
Heinz GH, Pendleton GW, Krynitsky AJ, Gold LG (1990) Selenium
accumulation and elimination in mallards. Arch Environ Contam
Toxicol 19:374–379
Hoffman DJ (2002) Role of selenium toxicity and oxidative stress in
aquatic birds. Aquat Toxicol 57:11–26
MacNeil CJ, Dick TA, Elwood RW (1997) The trophic ecology of
freshwater Gammarus spp. (Crustacea:Amphipoda): problems
and perspectives concerning the functional feeding group
concept. Biol Rev 72:349–364
Mashima TY, Fleming WJ, Stoskopf ML (1998) Metal concentrations in oldsquaw (Clangula hyemalis) during the outbreak of
avian cholera, Chesapeake Bay, 1994. Ecotoxicology 7:107–
111
Mazak EJ, MacIsaac HJ, Servos MR, Hesslein R (1997) Influences of
feeding habits on organochlorine contaminant accumulation in
waterfowl on the Great Lakes. Rev Ecol Appl 7:1133–1143
Michot TC, Benson WH, O’Neil JM (1998) Trace element concentrations from greater scaup and other diving ducks wintering in
Apalachee Bay, Florida, seagrass beds. Scaup Workshop,
Jamestown, ND, 9–10 September 1998 (abstract)
Mills EL, Roseman EF, Ruzke M, Gutemann WH, Lisk DJ (1993)
Contaminant and nutrient element levels in soft tissues of zebra
and quagga mussels from waters of southern Lake Ontario.
Chemosphere 27:1465–1473
Mitchell CA, Carlson J (1993) Lesser scaup forage on zebra
mussels at Cook Nuclear Plant, Michigan. J Field Ornithol
64:219–222

Arch Environ Contam Toxicol
Ohlendorf HM (2003) Ecotoxicology of selenium. In: Hoffman DJ,
Rattner BA, Burton G Jr, Cains J Jr (eds) Handbook of
ecotoxicology, 2nd edn. Lewis, Boca Raton, pp 465–500
Peterjohn BG (1989) The birds of Ohio. Indiana University Press,
Bloomington
Petrie SA, Knapton RW (1999) Rapid increase and subsequent
decline of zebra and quagga mussels in Long Point Bay, Lake
Erie; possible influence of waterfowl predation. J Great Lakes
Res 25:772–782
Petrie SA, Badzinski SS, Drouillard KG (2007) Contaminants in
lesser and greater scaup staging on the lower Great Lakes. Arch
Environ Contam Toxicol 52:580–589
Prince HH, Padding PI, Knapton RW (1992) Waterfowl use of the
Laurentian Great Lakes. J Great Lakes Res 18:673–699
Robertson GJ, Savard J-PL (2002) Long-tailed Duck (Clangula
hyemalis). In: Poole A (ed) The birds of North America. Cornell
Lab of Ornithology, Ithaca
Ross RK, Petrie SA, Badzinski SS, Mullie A (2005) Autumn diet of
greater scaup, lesser scaup and long-tailed ducks on eastern Lake
Ontario prior to zebra mussel invasion. Wildl Soc Bull 33:81–91
Sandholm M, Oksanen HE, Pesonen L (1973) Uptake of selenium by
aquatic organisms. Am Soc Limn Ocean 18:496–499
SAS Institute, Inc (2002) SAS/STAT user’s guide, version 9. SAS
Institute, Inc, Cary
Schummer ML (2005) Resource use by diving ducks during winter on
northeastern Lake Ontario. PhD Dissertation, University of
Western Ontario, London, Ontario
Schummer ML, Petrie SA, Bailey RC (2008a) Dietary overlap of
sympatric diving ducks during winter on northeastern Lake
Ontario. Auk 125:425–433
Schummer ML, Petrie SA, Bailey RC (2008b) Interaction between
macroinvertebrate abundance and habitat use by diving ducks

during winter on northeastern Lake Ontario. J Great Lakes Res
34:54–71
Sea Duck Joint Venture Management Board (2008) Sea Duck Joint
Venture Strategic Plan 2008–2012. USFWS, Anchorage, AK/
CWS, Sackville, New Brunswick
Secor CL, Mills EL, Harshbarger J, Kuntz HT, Gutenmann WH, Lisk
DJ (1993) Bioaccumulation of toxicants, element and nutrient
composition, and soft 15 tissue histology of zebra mussels
(Dreissena polymorpha) from New York statewaters. Chemosphere 26:1559–1575
Stewart TW, Haynes JM (1994) Benthic macroinvertebrate communities of southwestern Lake Ontario following invasion by
Dreissena. J Great Lakes Res 20:479–493
Thorp JH, Covich AP (1991) Ecology and classification of North
American freshwater invertebrates. Academic Press, New York
Vest JL, Conover MR, Perschon C, Luft J, Hall JO (2009) Trace
element concentrations in wintering waterfowl from the Great
Salt Lake, Utah. Arch Environ Contam Toxicol 56:216–302
Ware LL (2008) Selenium uptake and effects in greater scaup (Aythya
marila) wintering on western Lake Ontario. MS Thesis,
University of Western Ontario, London, Ontario
Weegman MD, Weegman MM (2007) Chromium and selenium in
invertebrate prey of lesser scaup. J Wildl Manage 71:778–782
Wisenden PA, Bailey RC (1995) Development of macroinvertebrate
community structure associated with zebra mussel (Dreissena
polymorpha) colonization of artificial substrates. Can J Zool
73:1438–1443
Wormington A, Leech JH (1992) Concentrations of diving ducks at
Point Pelee, Ontario, in response to invasion of Zebra Mussels,
Dreissena polymorpha. Can Field Nat 106:376–380

123

