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Abstract
We examined diets of lesser scaup (Aythya affinis) and greater scaup (A. marila) during autumn 1999 and spring 2000 at 3 major stopover sites

on lakes Erie, Ontario, and St. Clair in southern Ontario, Canada. Overall dietary composition did not differ between sexes in lesser or greater

scaup. We also did not detect interspecific or sex-related differences in average size of zebra mussels (Dreissena polymorpha) consumed by

scaup, but both species ate slightly larger zebra mussels during spring, as compared with autumn. Dietary intake of lesser scaup differed

between seasons and among stopover sites. Lesser scaup generally ate more zebra mussels during spring and more gastropods and plants

during autumn. Lesser scaup at Lake Ontario, Lake Erie, and Lake St. Clair, respectively, consumed more zebra mussels, nonmollusk animal

matter (crustaceans and insects), and plant matter than did conspecifics at the other 2 locations. Greater scaup diets differed depending on

both season and stopover site. At Lake Ontario greater scaup diets contained more zebra mussels but fewer gastropods during spring as

compared with autumn, but there were no seasonal differences in consumption of those 2 food items at Lake Erie. Greater scaup at both Lake

Ontario and Lake Erie did not show seasonal differences in consumption of plant matter, but autumn-staging birds at Lake Erie contained more

plant matter than did autumn-staging birds at Lake Ontario. Interspecific comparisons of dietary intake of scaup staging at lakes Erie and Ontario

showed that greater scaup generally ate more gastropods and plant matter than did lesser scaup, whereas lesser scaup consumed more zebra

mussels than did greater scaup. Overall, our study showed that zebra mussels, gastropods, and submerged aquatic plants all currently are

important foods during both autumn and spring for lesser and greater scaup staging on the lower Great Lakes (LGL). Consumption of zebra

mussels by scaup is of particular concern because of the hypothesized link between scaup foraging ecology, zebra mussels, and elevated

selenium burdens documented recently in scaup staging on the LGL. Thus, our findings that both scaup species generally ate more and larger

zebra mussels during spring illustrates the need for further investigation into contaminant acquisition and burdens in wintering, staging, and

breeding scaup, particularly those using, or originating from, the LGL region. (WILDLIFE SOCIETY BULLETIN 34(3):664–674; 2006)
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The combined North American lesser (Aythya affinis) and greater
(A. marila) scaup population has declined considerably since the
mid-1980s, likely due to decreased female survival or reductions in
recruitment (Afton and Anderson 2001). Several hypotheses have
been proposed to explain this decline (Austin et al. 2000), some of
which are linked to the foraging ecology of these species. It has
been suggested recently, for example, that food quality or
availability at key staging areas can affect the ability of scaup to
acquire nutrient reserves necessary for migration and breeding
(Anteau and Afton 2004). Another leading hypothesis states that
contaminant acquisition on wintering or staging areas may be
contributing to declines in scaup productivity or survival (Austin
et al. 2000). Contaminants are of particular concern for scaup
especially because nonnative, filter-feeding bivalves have become
important prey items at some major wintering and staging areas
and may contribute to increased contaminant uptake and
bioaccumulation (Petrie and Knapton 1999, Custer and Custer
2000, Linville et al. 2002, Custer et al. 2003, Richman and
Lovvorn 2004).

The lower Great Lakes (LGL) provide critical autumn and
spring staging habitats for several species of diving ducks,
including lesser and greater scaup (Dennis et al. 1984, Prince et
al. 1992, Petrie and Knapton 1999). Long-term distributions and
abundances of scaup have been monitored on some parts of the
LGL since the early 1970s (Dennis et al. 1984, Petrie 1998), but

relatively few data exist for food habits of scaup wintering ( Jones
and Drobney 1986) and staging during autumn (Custer and
Custer 1996, Petrie and Knapton 1999, Ross et al. 2005) and
spring (Custer and Custer 1996) at major areas of concentration.
The main impetus for most recent diet studies of diving ducks on
the LGL was the discovery of zebra (Dreissena polymorpha) and
quagga (D. bugensis) mussels and their subsequent rapid
proliferation and domination of the benthic macroinvertebrate
community ( Jones and Drobney 1986, Griffiths et al. 1991,
Dermott et al. 1993, Hamilton et al. 1994, Petrie and Knapton
1999). It is now thought that decreased use of native prey species
and increased utilization of nonnative zebra and quagga mussels
(Ross et al. 2005) has facilitated bioaccumulation of potentially
unhealthy levels of selenium in scaup using the LGL (Custer and
Custer 2000, S. Petrie et al., Long Point Waterfowl and Wetlands
Research Fund, unpublished data). Given the possible link
between such recent dietary shifts and contaminant acquisition,
it is important to document relative food use of scaup at several
major stopover sites on the Canadian side of the LGL several
years after zebra mussel invasion and to evaluate potential sources
of interspecific, sex-related, seasonal, and geographic variation in
diet and prey sizes as they may be related to nutrient reserve
dynamics and uptake or accumulation of some environmental
contaminants.

Our study had 4 main objectives. First, we documented dietary
intake data for greater and lesser scaup at 3 major stopover sites on
the Canadian LGL. Second, we evaluated whether diets of both1 E-mail: sbadzinski@bsc-eoc.org
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greater and lesser scaup greatly differed between sexes, seasons,
and stopover sites. Third, we determined if lesser and greater
scaup generally eat different foods where they both occur on lakes
Erie and Ontario. Fourth, we tested whether sizes of zebra
mussels ingested by scaup differ between species, sexes, seasons,
and among stopover sites.

Study Area

We studied dietary intake of lesser and greater scaup on the
Canadian side of Lake Erie (Inner and Outer Long Point bays),
Lake St. Clair (Mitchell’s and St. Luke’s bays), and eastern Lake
Ontario (Bay of Quinte and Wolfe Island) in southern Ontario,
Canada, during autumn 1999 and spring 2000 (Fig. 1). All study
sites were lacustrine wetlands that were primarily shallow (,3 m)
embayments containing large quantities of submerged vegetation
and zebra or quagga mussels; more detailed wetland descriptions
of these areas are provided by Herdendorf et al. (1986), Petrie and
Knapton (1999), and Ball et al. (2003). These locations typically
have some of the largest concentrations of migrant scaup in
southern Ontario (Dennis et al. 1984, Prince et al. 1992, Petrie
and Knapton 1999).

Methods

Collections
We collected birds in this study as part of a larger research project
evaluating the spring and autumn nutrient reserve dynamics and
contaminant burdens of lesser and greater scaup (see Badzinski
and Petrie 2006, S. Petrie et al., unpublished data). We obtained
specimens under authority of a Canadian Wildlife Service

Scientific Capture Permit (CA 0067) valid from 30 September
1999 to 30 June 2000. We collected 52 lesser scaup and 51 greater
scaup that had recently consumed food items during autumn (1
Oct–15 Dec 1999) migration on the LGL. We also collected 123
lesser scaup and 39 greater scaup at major spring (4 Mar–7 May
2000) stopover sites that contained adequate diet samples (see
Table 1 for sample sizes by location and sex). We distributed
collections throughout the autumn and spring at each of the 3
stopover sites. We obtained nearly all birds by shooting them over
decoys (a few individuals were collected by pass- or jump-
shooting), so birds were not observed feeding prior to their
collection. Immediately upon collection, we injected a solution of
10% formalin down the esophagus of each bird to preserve any
food items that were recently ingested. We then placed a tag,
containing collection date, location, species, and sex, into a plastic
bag with each individual specimen and immediately placed birds
on ice for transport to our lab at Bird Studies Canada (Port
Rowan, Ont.), where they were subsequently frozen.

Laboratory Procedures
After thawing birds, we removed the contents of the esophagus
and proventriculus and stored them in labeled (identification
number, species, sex, date, and collection location) containers
containing a 10% formalin solution. Upon processing we removed
diet samples from storage containers and carefully transferred diet
samples to a petri dish. We used a dissection microscope (103
ocular lens) to help identify, sort, and count all dietary taxa to the
lowest taxonomic level possible (Wiggins 1978, Clarke 1981,
Peckarsky et al. 1990, Jokinen 1991). For all intact zebra mussels,

Figure 1. Geographic distribution of collection locations for lesser and greater scaup during autumn 1999 and spring 2000 in southern Ontario, Canada.
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we measured (60.1 mm) the shell length along its longest axis
(Hamilton 1992). Considerable amounts of small, faded, and
worn shell fragments of bivalves and gastropods were present in
many samples. As a result, we were unable to accurately assign
those contents to a specific family or species so they were classified
as ‘‘unidentified shell.’’ This probably resulted from reflux of
gizzard contents into the proventriculus after alcohol was injected
into the upper digestive tracts. We did not include unidentifiable
shell fragments in subsequent dietary analyses because inclusion of
gizzard content can bias interpretation of dietary data (Swanson
and Bartonek 1970, Swanson et al. 1974). We also created
‘‘unknown’’ categories for gastropods, insects, and plants that
could not be assigned to lower taxonomic groupings. We then
placed individual taxonomic food groupings of each bird into an
oven maintained at 608C to obtain their dry masses (60.001 g).
We later converted the dry masses of each food item into
aggregate percent dry mass values for each bird. At that time we
also calculated the percent occurrence of food items to show their
prevalence within diets of each species (Swanson et al. 1974).

Statistical Analyses
Dependent variables in food-habits analyses are not independent
because the proportions of all food categories within individuals
sum to 1. Using compositional analyses would eliminate this lack
of independence (Aitchison 1986, Aebischer et al. 1993), but we
decided against using this method because correcting for the
preponderance of zeros within our data would likely greatly
increase Type I error rates (Bingham and Brennan 2004). Instead,
as in previous waterfowl food-habits studies (Afton et al. 1991,
Ross et al. 2005), we converted the aggregate percent dry mass of
food items into proportions and used those values as the
dependent variables. We applied an arcsine square-root trans-
formation to proportion data because error distributions did not
conform to a normal distribution (Sokal and Rohlf 1995, Zar
1996). These transformations improved the error distribution but
did not entirely eliminate nonnormality, making data more
amenable to normality assumptions of parametric analyses (Sokal
and Rohlf 1995). We used parametric rather than nonparametric
analytical techniques because univariate and multivariate analyses
are robust to several violations of linear model assumptions,
including minor to moderate deviations from normality present in

our data (Green 1979, Johnson 1995, Smith 1995, Hair et al.
1998).

We used species-specific multivariate analyses of variance
(MANOVA) to evaluate overall variation in major food items
or categories, including zebra mussels, gastropods (snails), non-
mollusk animal (arthropods, insects, worms, fish, etc.) matter, and
plant (vegetative parts, stems, seeds, tubers, etc.) matter,
consumed by lesser and greater scaup (PROC GLM, MANOVA
option; SAS Institute 1990). In these models we tested for overall
dietary differences among lakes (Erie, Ontario, and St. Clair [no
greater scaup were collected on Lake St. Clair]), and between
seasons (autumn and spring) and sexes (female and male); lake 3

season and season 3 sex interactions also were included as
additional effects of biological interest. We ran a third MANOVA
mainly to determine if use of food items differed between lesser
and greater scaup collected at lakes Erie and Ontario; we included
effects of lake, season, species, lake 3 season, season 3 species, and
lake 3 species in the model. We reduced initial MANOVA
models using a step-down procedure by sequentially removing the
nonsignificant interaction terms (P , 0.10 based on Type III sums
of squares cross-products) and then relevant main effects to obtain
a final reduced model (Hair et al. 1998). We then conducted a
posteriori contrasts using least-squares means of response variables
on effects of interest included in the reduced MANOVA model;
significance levels for multiple comparisons were adjusted using
the Tukey–Kramer method (PROC GLM; SAS Institute 1990).

We used analysis of variance (ANOVA; PROC GLM [SAS
Institute 1990]) to determine if average sizes of zebra mussels
ingested by greater and lesser scaup staging at Lake Ontario
differed in relation to season (autumn and spring), species, and
sex. We did not include zebra mussel size (bird-specific averages)
from lakes Erie and St. Clair in this analysis because none of the
greater scaup collected at those locations contained usable prey-
size data (see Table 1). To utilize all data for lesser scaup, we also
conducted a species-specific ANOVA that evaluated effects of
lake, season, and sex on average size of zebra mussels consumed.

All statistical analyses and evaluations of error residuals were
done using Statistical Analysis System software (SAS Institute
1990). Statistical tests, based on F tests using Type III sums of
squares, were considered statistically significant at P � 0.10; F

Table 1. Numbers of lesser and greater scaup collected for diet and zebra mussel size (prey size) analyses from stopover sites at lakes Erie, Ontario, and St. Clair
in southern Ontario, Canada, during autumn 1999 and spring 2000.

Analysis Season Location

Lesser scaup Greater scaup

F M F M

Diet Autumn Lake Erie 7 6 14 2
Lake Ontario 14 9 14 21
Lake St. Clair 9 7

Spring Lake Erie 17 30 15 10
Lake Ontario 20 27 3 11
Lake St. Clair 8 21

Prey size Autumn Lake Erie 2
Lake Ontario 4 4 9 12
Lake St. Clair 1 4

Spring Lake Erie 2 3
Lake Ontario 7 3 3 4
Lake St. Clair 2 13
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values reported from MANOVAs were determined using Wilks’
criterion because it is robust to violations of assumptions of
normality (Hair et al. 1998). Throughout, we report F values,
degrees of freedom, and P values from reduced models. Although
dietary analyses were done using transformed values, we present
percentages (nontransformed values; mean 6 SE) in text and
tables for more meaningful interpretation.

Results

Lesser Scaup Diets
The final reduced MANOVA model evaluating overall variation
in diets of lesser scaup included lake (F8, 336¼ 5.89, P , 0.0001)
and season (F4, 168¼ 6.91, P , 0.0001) main effects; the sex main
effect and lake 3 season and season 3 sex interactions were
removed from the model (all P . 0.10). A posteriori contrasts
from the reduced MANOVA model showed that lesser scaup
consumed more zebra mussels during spring, ate more gastropods
and plants during autumn, and ingested similar amounts of
nonmollusk animal matter during both seasons (Table 2). In
addition, contrasts of lake effects suggested that lesser scaup
staging at Lake Ontario ate more zebra mussels than did birds at
lakes Erie and St. Clair, whereas birds at Lake Erie consumed
slightly more nonmollusk animal matter (mainly crustaceans and
insects) than did those at lakes St. Clair and Ontario (Table 2).
Contrasts also showed that birds at Lake St. Clair ate more plant
matter but fewer gastropods than did birds at lakes Erie and
Ontario (Table 2).

In general, animal foods made up the largest proportion of lesser
scaup diets, but plant matter was also present in a large percentage
of birds at all stopover sites during both seasons (Table 3).
Bivalves and gastropods (mollusks) were the major contributor to
lesser scaup diets at each lake during both autumn and spring.
Zebra mussels, however, made up a major portion of the lesser
scaup diet, consistently were the most frequently occurring
mollusk prey species, and tended to be the single most important
animal food item during spring and autumn at all 3 stopover sites.
Gastropods, nonmollusk animal matter, and plants were com-
monly consumed foods, but plants consistently occurred more
frequently in lesser scaup diets than did the other 2 major food
groups.

Greater Scaup Diets
The final, reduced MANOVA model evaluating overall variation
in major dietary components of greater scaup included lake (F4, 83

¼ 1.93, P¼ 0.1138) and season (F4, 83¼ 7.75, P , 0.0001) main
effects as well as the interaction between lake and season (F4, 83¼

4.24, P¼ 0.0036); the sex main effect and season 3 sex interaction
were removed from the initial model (both P . 0.10). Contrasts
from the reduced MANOVA model showed that greater scaup
staging at Lake Ontario during spring contained higher
proportions of zebra mussels than did those using that stopover
site during autumn, but spring- and autumn-staging birds at Lake
Erie consumed similar amounts of zebra mussels (Table 4).
During autumn diets of greater scaup at lakes Erie and Ontario
contained similar amounts of zebra mussels, but during spring
birds at Lake Ontario consumed more zebra mussels than did
those at Lake Erie (Table 4). There were no seasonal differences
in relative amounts of gastropods consumed by greater scaup at
Lake Erie, but at Lake Ontario, autumn-staging birds contained
more gastropods than did spring-staging birds (Table 4). At both
lakes Erie and Ontario consumption of plants was similar between
the autumn and spring seasons; during autumn birds at Lake Erie
contained more plant matter than did those at Lake Ontario
(Table 4). Animal matter consistently made up the majority of
greater scaup diets at both lakes during autumn and spring, but
plants also occurred in a substantial percentage of birds (Table 4).
Based on frequency of occurrence, mollusks were by far the most
common food in greater scaup diets and both bivalves (mainly
zebra mussels) and gastropods commonly were consumed by
greater scaup at each stopover site during both spring and autumn
(Table 4).

Interspecific Comparisons of Diet
The reduced MANOVA model used for evaluating potential
differences in diet between greater and lesser scaup contained lake
(F4, 212¼ 4.29, P¼ 0.0023), season (F4, 212¼ 9.71, P , 0.0001),
and species (F4, 212 ¼ 8.86, P , 0.0001) main effects and the
interaction between lake and season (F4, 212¼ 8.19, P , 0.0001);
season 3 species and lake 3 species effects were removed from the
initial model (both P . 0.10). After controlling for all other
effects in the reduced MANOVA model, contrasts of the species
effect (aggregate percent mass least-squares means 6 SE) revealed
several dietary differences between lesser and greater scaup.
Overall, diets of lesser scaup contained more zebra mussels
(54.3% 6 3.3%) than did those of greater scaup (26.8% 6

3.8%), whereas diets of greater scaup contained more gastropods
(greater¼ 37.7% 6 3.9% vs. lesser¼ 22.0% 6 3.4%) and plant
matter (greater ¼ 31.6% 6 4.0% vs. lesser ¼ 17.2% 6 3.5%)
than did those of lesser scaup (all P , 0.10; Tukey–Kramer test).
Diets of lesser (31.6% 6 4.0%) and greater (31.6% 6 4.0%)
scaup contained similar amounts of nonmollusk animal matter (P
. 0.10; Tukey–Kramer test).

Table 2. Results of a posteriori contrasts of lake and season effects evaluating differences in the aggregate percentage dry mass (least-squares means 6 SE) of
major food groups consumed by lesser scaup staging in southern Ontario, Canada.

Food group

Lake effect Season effect

Lake Erie Lake Ontario Lake St. Clair Autumn Spring

Zebra mussels 38.2 6 5.3 aa 66.9 6 4.7 b 46.0 6 5.8 a 35.0 6 5.4 a 65.7 6 3.5 b
Gastropods 24.9 6 3.8 a 16.2 6 3.4 a 7.8 6 4.1 b 20.6 6 3.8 b 12.0 6 2.5 a
Nonmollusk animal matter 11.3 6 5.3 a 2.9 6 2.5 b 2.1 6 3.0 b 5.0 6 2.8 a 5.9 6 1.8 a
Plant 25.6 6 4.5 a 14.1 6 4.1 a 44.1 6 5.0 b 39.4 6 4.6 a 16.5 6 3.0 b

a Values with different letters within effects indicate statistical differences (Tukey–Kramer test: P � 0.10); contrasts of effects were made using the
reduced multivariate analysis of variance model (lake effect: F8, 336¼ 5.89, P , 0.0001; season effect: F4, 168¼ 6.91, P , 0.0001).
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Table 3. Food items consumed by lesser scaup during autumn 1999 and spring 2000 on lakes Erie, Ontario, and St. Clair in southern Ontario, Canada. Values
shown are aggregate percent dry mass over percent occurrence (in parentheses).

Food item

Lake Erie Lake Ontario Lake St. Clair

Autumn Spring Autumn Spring Autumn Spring

Total animal 73.1 83.0 76.0 96.6 34.0 73.2
(85) (98) (96) (100) (75) (97)

Mollusca 64.8 70.5 71.5 94.3 33.1 70.2
(77) (91) (96) (100) (75) (97)

Bivalvia 41.4 48.3 45.4 85.2 24.5 64.8
(46) (68) (74) (100) (56) (79)

Dreissena polymorphaa 41.4 44.3 45.4 85.0 24.5 64.6
(46) (66) (74) (100) (56) (79)

Dreissena bugensis 4.1
(0) (4) (0) (0) (0) (0)

Sphaeridae TRb TR 0.2 0.2
(0) (2) (4) (4) (0) (3)

Gastropodaa 23.4 22.2 26.1 9.1 8.6 5.4
(31) (49) (43) (43) (38) (21)

Hydrobidae 0.3 0.9 14.4 2.1 2.9 3.0
(8) (11) (39) (23) (19) (10)

Lymnaeidae 0.2 2.2 2.9
(0) (2) (9) (0) (6) (0)

Physidae 0.1 0.7 TR 0.2
(0) (2) (17) (2) (0) (3)

Planorbidae 0.8 2.7 0.3 1.1 0.2
(0) (4) (22) (4) (13) (3)

Leurceridae 22.9 19.1 4.2 0.2 0.5 2.0
(23) (34) (9) (4) (6) (10)

Truncatelidae 0.1
(0) (0) (13) (0) (0) (0)

Valvatidae 1.1 1.8 6.4
(0) (4) (13) (17) (0) (0)

Unidentified gastropod 0.3 0.2 0.1 1.3 0.1
(15) (9) (0) (4) (6) (3)

Total nonmollusk animal mattera 8.3 12.5 4.5 1.0 0.9 3.0
(38) (36) (22) (30) (19) (45)

Arthropoda
Crustacea 0.2 0.2 TR 1.2 0.1 0.1

(8) (9) (4) (15) (6) (14)
Amphipoda TR 0.2 TR 0.4 0.1 0.1

(8) (9) (4) (9) (6) (7)
Decapoda 0.2 TR 0.8 TR

(8) (2) (0) (4) (0) (3)
Cladocera TR

(0) (0) (0) (0) (0) (3)
Arachnida: Acari TR

(0) (0) (0) (2) (0) (0)
Insecta 8.0 5.9 4.5 0.8 0.5 2.9

(23) (23) (17) (11) (13) (31)
Trichoptera 8.0 5.8 4.5 0.8 0.2 2.9

(23) (21) (17) (9) (6) (17)
Diptera TR

(0) (0) (0) (0) (0) (7)
Unidentified insect 0.1 TR TR 0.3 TR

(0) (4) (4) (2) (6) (7)
Misc. nonmollusk animal matter 6.4 0.3 TR TR

(0) (6) (0) (2) (6) (3)
Unidentified animal matter TR TR 0.4

(0) (2) (0) (4) (6) (3)
Total planta 26.9 17.0 24.0 3.4 66.0 26.8

(77) (70) (52) (68) (94) (72)
Chara spp. 3.1 TR 0.1 0.9 TR

(0) (23) (4) (2) (19) (3)
Elodea spp. 0.1 TR TR TR

(0) (4) (0) (4) (6) (7)
Potamogeton spp. 0.3 TR TR 0.4 1.0 8.0

(8) (2) (4) (11) (6) (28)
Scirpus spp. 0.3 2.2 4.4 28.0 8.1

(8) (4) (4) (0) (69) (17)
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Zebra Mussel Size Differences
Average size of zebra mussels consumed by lesser scaup did not
differ between males and females but did differ between seasons
and among stopover sites (ANOVA model: R2 ¼ 0.10, F3, 41 ¼
4.84, P ¼ 0.033; season effect: F1, 41 ¼ 6.70, P ¼ 0.0133; lake
effect: F2, 41¼ 4.84, P¼ 0.0010). Lesser scaup consumed slightly
larger zebra mussels during spring (9.0 6 0.6 mm) as compared
with autumn (6.5 6 0.8 mm) at stopover sites on the LGL (P ,

0.10; Tukey–Kramer test). Contrasts of the lake effect showed
that lesser scaup also ate larger zebra mussels at Lake Erie (10.9 6

1.2 mm; all contrasts P , 0.10, Tukey–Kramer test) as compared
with lakes Ontario (6.9 6 0.7 mm) and St. Clair (5.5 6 0.7 mm).
At Lake Ontario size of zebra mussels ingested did not differ
between greater and lesser scaup (P . 0.10) or between sexes (P .

0.10), but scaup ate larger zebra mussels during spring (8.7 6 0.8
mm) as compared with autumn (6.3 6 0.6 mm; ANOVA: R2 ¼
0.12, F1, 44 ¼ 5.70, P ¼ 0.0213).

Discussion

Diets of lesser and greater scaup did not differ substantially
between sexes at any of the 3 major stopover sites during spring or
autumn on the LGL, despite sexual differences in seasonal
energetic demands, including molt (Chappell 1982), courtship
(Austin et al. 1998), and nutrient reserve dynamics (Badzinski and
Petrie 2006) during migration. Our results were, thus, consistent
with those of most other food-habits studies of lesser scaup
conducted at other major spring and autumn stopover sites
throughout North America (Afton et al. 1991, Custer and Custer
1996, Ross et al. 2005, M. Anteau and A. Afton, Louisiana State
University, unpublished data). Afton et al. (1991), however,
reported that male lesser scaup staging in northwestern Minnesota
during autumn tended to consume more insects and leeches than
did females (Afton et al. 1991). Based on studies done to date,

sex-related differences in diet seem to be relatively uncommon in
lesser scaup during autumn and spring migration. Several sex-
related differences were reported in diets of both greater and lesser
scaup staging on eastern Lake Ontario during autumn of 1986
(Ross et al. 2005), during a period before zebra mussels had
extensively colonized the LGL.

It was notable that, despite body size differences between greater
and lesser scaup and between sexes within species (males .

females), we detected no interspecific or sex-related differences in
sizes of consumed mussels (see also Custer and Custer 1996). This
was not consistent with findings that captive male tufted ducks (A.

fuligula) preferred to eat larger zebra mussels than did structurally
smaller females (Dralans 1982, de Leeuw and van Eerden 1992).
Thus, it appears that male and female greater and lesser scaup
generally did not alter dietary composition in response to
potentially differing energetic demands nor did they appear to
partition their major food items (zebra mussels) based on
differential choice of prey size while staging on the LGL. Sample
sizes were relatively small in both our study and that of Custer and
Custer (1996), so our conclusion should be viewed with caution.
Further, it is possible that sex-related differences exist in the
amount of food consumed, particularly during spring when
females are acquiring nutrient reserves for migration and breeding
(Afton and Ankney 1991, Anteau and Afton 2004, Badzinski and
Petrie 2006).

Greater and lesser scaup staging together on lakes Erie and
Ontario exhibited several interspecific differences in dietary
intake. Greater scaup generally ate more gastropods and plant
matter but fewer zebra mussels than did lesser scaup. Such
differences suggest that these 2 species may be partitioning food
resources, thus minimizing competition, while at the same
stopover site. Greater and lesser scaup sometimes occur in
mixed-species flocks on the LGL (Bellrose 1980). The scaup we

Table 3. continued.

Food item

Lake Erie Lake Ontario Lake St. Clair

Autumn Spring Autumn Spring Autumn Spring

Carex spp. TR 2.4
(0) (0) (0) (2) (6) (0)

Vallisneria spp. 7.7 2.1 4.2 2.8 2.5
(8) (2) (9) (0) (19) (7)

Wolffia spp. 2.6 TR 0.4 TR
(8) (2) (0) (0) (25) (3)

Myriophyllum spp. TR TR
(0) (0) (0) (2) (0) (3)

Najas spp. 1.0 TR
(0) (6) (0) (0) (0) (3)

Polygonum spp. 5.1 TR 0.1 TR
(8) (0) (9) (2) (0) (3)

Ruppia spp. 2.0
(0) (0) (0) (0) (13) (0)

Zizania spp. 7.7 0.9 TR
(8) (0) (0) (2) (0) (3)

Gramineae TR
(0) (0) (9) (0) (0) (0)

Unidentified plant 3.2 8.6 15.4 1.9 28.6 8.2
(46) (51) (39) (57) (69) (45)

a Category used as response variable in multivariate analysis of variance.
b TR ¼,0.05% dry mass.
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Table 4. Food items consumed by greater scaup at lakes Erie and Ontario during autumn 1999 and spring 2000 in southern Ontario. Values shown are
aggregate percent dry mass over percent occurrence (in parentheses).

Lake Erie Lake Ontario

Food item Autumn Spring Autumn Spring

Total animal 49.9 60.9 81.9 73.5
(75) (84) (89) (93)

Mollusca 49.8 53.9 76.0 71.2
(75) (84) (86) (93)

Bivalvia 15.5 28.9 5.4 60.6
(31) (56) (43) (86)

Dreissena polymorphaa 15.5 6 7.8 abb 28.9 6 6.3 b 5.4 6 5.3 a 60.6 6 8.4 c
(31) (56) (40) (86)

Dreissena bugensis TRc

(0) (0) (3) (0)
Sphaeridae TR

(0) (0) (3) (0)
Gastropodaa 34.3 6 10.0 a 25.0 6 8.0 a 70.6 6 6.8 b 10.7 6 10.7 a

(38) (36) (77) (36)
Hydrobidae 3.1 0.3

(0) (0) (57) (14)
Lymnaeidae 6.6

(0) (0) (51) (0)
Physidae 1.5

(0) (0) (40) (0)
Planorbidae 3.1

(0) (0) (40) (0)
Leurceridae 34.3 25.0 55.1 10.4

(38) (36) (74) (14)
Truncatelidae 0.6

(0) (0) (29) (0)
Valvatidae 0.7 TR

(0) (0) (40) (7)
Unidentified gastropod TR TR

(6) (0) (3) (0)
Total nonmollusk animal mattera 0.2 6 4.3 a 7.0 6 3.4 a 5.9 6 2.9 a 2.3 6 4.6 a

(19) (28) (43) (21)
Arthropoda

Crustacea 0.1 0.2 0.8
(6) (12) (31) (0)

Amphipoda 0.2 0.1
(0) (8) (29) (0)

Decapoda 0.1 TR 0.6
(6) (8) (6) (0)

Cladocera
(0) (0) (0) (0)

Arachnida: Acari
(0) (0) (0) (0)

Insecta 0.1 1.2 2.3 2.3
(6) (12) (17) (21)

Trichoptera 0.1 1.2 2.3 2.3
(6) (12) (9) (21)

Diptera
(0) (0) (0) (0)

Unidentified insect TR
(0) (0) (9) (0)

Misc. nonmollusk animal matter 2.9
(0) (0) (3) (0)

Unidentified animal matter TR 5.7 TR
(6) (8) (6) (0)

Total planta 50.1 6 11.0 a 39.1 6 8.8 ab 18.1 6 7.5 b 26.5 6 11.8 ab
(69) (68) (26) (43)

Chara spp. 12.6 8.9 2.8
(19) (20) (6) (0)

Elodea spp. 2.3 0.8
(0) (4) (3) (0)

Potamogeton spp. 9.5 4.0 0.2
(19) (4) (3) (0)

Scirpus spp. 2.0
(0) (4) (0) (0)
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collected, however, were not observed actively foraging together
and often were congregated at different locations within each
stopover site (S. Badzinski and S. Petrie, Longpoint Waterfowl
and Wetlands Research Fund, personal observation). Differences
in feeding locations may be partly attributable to species-specific
habitat preferences (Bellrose 1980, Austin et al. 1998, Kessel et al.
2002). Thus, interspecific differences in diet may reflect local
variations in prey abundance or composition at feeding locales or
habitat partitioning within stopover sites.

Plants were commonly consumed by both lesser and greater
scaup staging on the LGL. It was notable that greater scaup
tended to consistently consume more plant matter than did lesser
scaup, which, along with other previous studies (Austin et al.
1998, Kessel et al. 2002), further dispels early accounts proposing
greater scaup feed predominantly on animal foods whereas lesser
scaup were more vegetarian in their choice of diet (Cottam 1939).
The proportion of plant matter consumed by greater scaup on the
LGL during spring and autumn migration was within the range of
values reported for birds wintering in Long Island Sound since the
early 1950s (Wahle and Barclay 1993, Kessel et al. 2002). The
decrease in plant matter in diets of both species, but especially
lesser scaup, from autumn to spring was consistent with seasonal
reductions (due to wave action, senescence, and herbivory) in
biomass of plants that diving ducks and other waterfowl
commonly eat (Froelich and Lodge 2000, Badzinski et al.
2006). Reduced availability of submerged aquatic vegetation in
spring likely caused both species to increase utilization of zebra
mussels (and other bivalves) during that season.

Although plants were a common scaup food item, both lesser
and greater scaup in this study primarily consumed animal foods,
mainly nonnative zebra mussels and native gastropods, throughout
autumn and spring at stopover sites on the LGL. Other studies of
staging lesser and greater scaup also have reported that animal
foods were dominant and important dietary components (Gam-
monley and Heitmeyer 1990, Afton et al. 1991, Wormington and
Leach 1992, Hamilton et al. 1994, Custer and Custer 1996).
However, use of major food items (or diets) tends to vary

geographically and seasonally among stopover sites (this study)
and likely reflects annual differences and local abundances of foods
(Austin et al. 1998, Kessel et al. 2002). Food-habits data are
limited for migrant greater scaup throughout its geographic range
(Kessel et al. 2002), but some studies have shown (or
hypothesized) that zebra mussels were the main food eaten at
LGL stopover sites during autumn and spring (Wormington and
Leach 1992, Mitchell and Carlson 1993, Hamilton et al. 1994,
Custer and Custer 1996, Petrie and Knapton 1999).

Studies at northern staging and breeding areas indicate that
crustaceans, mainly amphipods (Gammarus spp.), were historically
important foods that enabled lesser scaup to build migration and
breeding reserves (Rogers and Korschgen 1966, Austin 1983,
Afton and Ankney 1991, Afton et al. 1991). Recently, use of
amphipods by lesser scaup has declined at a major stopover site in
northwestern Minnesota and birds have shifted to increased use of
bivalves (mainly fingernail clams [Musculium transversum]), which
are considered to be lower-quality prey items (M. Anteau and A.
Afton, Louisiana State University, unpublished data). However, in
large abundances, bivalves, such as zebra mussels, and gastropods
must be relatively profitable food items for migrant scaup given
that protein and fat reserves of female lesser scaup increased and
energy reserves of males were constant or increased throughout
spring at lakes Erie and St. Clair (Badzinski and Petrie 2006).
Thus, we conclude that zebra mussels and gastropods presently are
extremely important foods for migrant lesser and greater scaup
using the LGL.

Prior to zebra mussel invasion of the LGL in the mid-1980s,
autumn-staging lesser and greater scaup on Lake Ontario mainly
ate native gastropods (Ross et al. 2005), whereas gastropods
(pleurocerid snails), oligochaete worms, and plant (Vallisneria

americana and Potamogeton pectinatus) tubers were their main food
items during winter on the Detroit River ( Jones and Drobney
1986). However, zebra mussels are now a widespread and major
food item of scaup staging (and wintering) on the LGL (Custer
and Custer 1996, Petrie and Knapton 1999, this study). Our
results also show that zebra mussels made up a larger proportion of

Table 4. continued.

Lake Erie Lake Ontario

Food item Autumn Spring Autumn Spring

Vallisneria spp. 15.5 TR TR 13.6
(19) (4) (3) (14)

Lemna spp. 2.9
(0) (0) (3) (0)

Najas spp. 1.0 2.9
(0) (4) (3) (0)

Polygonum spp. TR
(0) (0) (3) (0)

Wolffia spp. 4.3
(0) (12) (0) (0)

Unidentified plant 12.5 16.6 8.6 12.9
(31) (48) (14) (29)

a Category used as response variable in multivariate analysis of variance (MANOVA).
b Values with different letters across lake–season groups indicate statistical differences (Tukey–Kramer test: P � 0.10); contrasts of effects were made

using the reduced MANOVA model (lake effect: F4, 83¼ 1.93, P¼ 0.1138; season effect: F4, 83¼ 7.75, P , 0.0001; lake 3 season effect: F4, 83¼ 4.24, P¼
0.0036).

c TR¼,0.05% dry mass.
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lesser and greater scaup diets during spring migration, a time
when both species also consumed slightly larger mussels. Given
that zebra mussels can readily bioaccumulate organic contami-
nants and trace elements such as selenium (de Kock and Bowmer
1993, Kwan et al. 2003) and lesser and greater scaup on the LGL
also showed seasonal differences (spring . autumn) in selenium
concentrations (S. Petrie et al., unpublished data), results of this
diet study may provide insight into the dynamics of selenium
acquisition in scaup.

Concentrations of several metals, including cadmium, nickel,
chromium, and calcium, increase with zebra mussel size, but
selenium concentrations in zebra mussels do not correlate with
their size (Kwan et al. 2003). This suggests that consuming larger
zebra mussels during spring likely is not a major factor relating to
higher scaup selenium concentrations at that time. Increased zebra
mussel selenium concentrations in spring and increased utilization
of mussels during that time, however, may at least partly account
for higher concentrations of selenium in spring-staging scaup. A
small sample of zebra mussels collected from the LGL during
1999–2000 suggested zebra mussels likely had higher selenium
concentrations during spring as compared with autumn (S. Petrie
et al., unpublished data). Zebra mussels on the LGL typically
spawn and release their veliger larvae during summer (late May–
Aug), after which they accumulate energy for the following year’s
reproduction with lipid content reaching maximum levels (6–20%
total dry mass) from late April to early June (Dermott et al. 1993,
Garton and Haag 1993, Fraleigh et al. 1993, Bruner et al. 1994).
Selenium concentrations in zebra mussels also decrease to seasonal
lows after they spawn and increase over time throughout autumn
(Kwan et al. 2003). Relatively high lipid content in zebra mussels
during spring may be coupled with the higher capacity for
contaminant acquisition at that time, as well as their increased
prevalence in scaup diets because of the birds’ need to increase
energy reserves for spring migration (Badzinski and Petrie 2006).
It is also possible that maternal offloading is an important
mechanism by which zebra mussels reduce selenium burdens prior
to scaup arrival during autumn and ultimately may result in birds
feeding on mussels with relatively higher selenium concentrations
the following spring.

Management Implications

Factors directly or indirectly related to foraging ecology of greater
and lesser scaup may be contributing to the long-term scaup
population decline (Austin et al. 2000, Anteau and Afton 2004).
The spring condition hypothesis states that birds may be obtaining

insufficient nutrient reserves during autumn migration, winter, or
spring migration such that survival or female reproduction may be
reduced; nutrient reserve acquisition or levels ultimately may be
related to food choice (thus quality), availability, or both (Austin
et al. 2000, Anteau and Afton 2004). A second major hypothesis
proposes that scaup may be eating food items outside of the
breeding season that allow for bioaccumulation of contaminants
up to unhealthy levels, which ultimately may reduce survival or
reproductive success (Austin et al. 2000). The link between
dreissenid mussel consumption and the bioaccumulation of
potentially unhealthy burdens of selenium for scaup staging and
wintering on the LGL is particularly of concern (Custer and
Custer 2000, S. Petrie et al., unpublished data) because it is
currently unknown how long it takes scaup to depurate selenium
or how elevated burdens might affect foraging behavior, survival,
and reproductive success of scaup after they depart the LGL in
spring. Further evaluations of greater and lesser scaup diet, food
choice and preferences, and foraging behavior over a broad
geographic range throughout their annual cycle can aid in
determining when and where nutrient limitation may be occurring
and which mechanisms are contributing to scaup population
limitation. These types of studies also provide information
necessary to develop management strategies for some staging
habitats for migrant greater and lesser scaup and to possibly
prevent loss or further degradation of critical spring stopover
habitats, particularly in the LGL region.
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