Consumption of Zebra Mussels
Dreissena polymorpha by
diving ducks in Lakes Erie
and St. Clair.
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Zebra Mussels are a novel and abundant prey item for diving ducks in the Laurentian Great
Lakes region. We investigated use of Zebra Mussels as food by several species of diving ducks
(Greater and Lesser Scaup, Common Goldeneye, Bufflehead, White-winged Seater and Oldsquaw) in Lakes Erie and St. Clair in 1990 and 1991. We examined 135 gizzards from ducks
shot by hunters (fall) and ducks drowned in fishing nets (spring). We noted presence or absence of Zebra Mussels, and estimated lengths of mussels consumed. Mussels were eaten by all
species examined and were consumed by ducks at each location. Overall, 52% of gizzards contained Zebra Mussels, including all those from Point Pelee, Ontario. Larger duck species tended
to consume larger mussels, but prey sizes taken varied widely among locations. Although diving ducks probably were size-selective predators, they ate mussels from a wide size range. This
suggests that at most locations where Zebra Mussels occur, some mussels of an acceptable size
will always be present for ducks.
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Zebra Mussels Dreissena polymorpha, bivalves native to European lakes, have recently colonized
the Laurentian
Great
Lakes (Griffiths et al. 1991, Hebert et al.
1991). Despite large scale environmental
and economic impacts (including fouling of
water, clogging of intake pipes and disruption of food webs) predicted and reported
after the arrival of these prolific mussels
(e.g. O'Neill & MacNeill 1989, Hebert et al.
1991, Macisaac et al. 1992, Ludyanskiy et al.
1993), they provide a novel and abundant
new food source for several species of diving ducks.
European waterfowl which feed on Zebra
Mussels include Tufted Ducks Aythya
fuligula, Pochards A. ferina, Common Goldeneyes Bucephala clangula and European
Coots Fulica atra (Olney 1963, Geroudet
1966, 1978, Borowiecz 1975, Pedroli 1981,
Suter 1982a, Stanczykowska et al. 1990). Pedroli (1981) found that mussels accounted
for 99% and 93% of winter food for Tufted
Ducks and Pochards, respectively, on lakes
in Switzerland. Ducks in Europe have altered their migration patterns to feed on
mussels in newly colonized areas, and have
remained longer in regions with high mussel density (Geroudet 1966, Leuzinger 1969,

Pedroli 1981, 1982, Suter 1982a, 1982b).
Ducks are also size-selective predators (Pedroli 1981, Draulans 1982, 1984, 1987), often
causing large changes in size structure of
mussel populations
on which they feed
(Wisniewski
1974, Pedroli 1977, 1981,
Geroudet 1978). Such changes are often
coupled with local reductions in mussel
biomass (Stempniewicz 1974, Pedroli 1981,
Suter 1982a, 1982c, Stanczyowska et al.
1990). These impacts may be of short duration, though; densities can return to normal
levels by the following year if predation is
not constant (Suter 1982c).
Except for Common Goldeneye, waterfowl predators of Zebra Mussels in Europe
are not present in North America. However,
ecologically
similar
species,
including
Greater Scaup Aythya mari/a, Lesser Scaup
A. affinis and Bufflehead Bucephala albeola,
are all abundant in the Great Lakes region
during fall and spring migratory periods.
These species, and Common Goldeneye,
are known to feed on Zebra Mussels in Lake
Erie at Point Pelee (Wormington & Leach
1992, Hamilton et al. 1994), and Lesser
Scaup feed on mussels in southern Lake
Michigan (Mitchell & Carlson 1993). Zebra
Mussels have also been found in the giz159
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zard of one White-winged Scoter Melanitta
Fusca deglandi feeding in the St. Lawrence
River (Guillemette et al. 1994). We examined the extent to which the above species,
as well as Oldsquaw Clangula hyemalis, fed
on Zebra Mussels in Lakes Erie and St. Clair
in 1990 and 1991. We compared the sizes of
mussels consumed by the different species
and assessed the use made of Zebra Mussels as food by diving ducks in the Great
Lakes.

Methods
Data collection
We collected duck gizzards from hunted
ducks, and from ducks drowned in fishing
nets, from various locations in Lake St.
Clair (42 25' N, 82 35' W), and from Lake
Erie near Point Pelee (41 57' N, 82 31' W),
Rondeau Bay (42 19' N, 81 51' W), Port
Stanley (42 40' N, 81 10' W) and Long
Point (42 35' N, 80 2' W). We obtained
only one duck from Rondeau, so it was included with those from Point Pelee because of the geographic proximity of the
two locations.
A single White-winged
Scoter from Long Point was included in the
overall count of ducks which consumed
Zebra Mussels, but these mussels were not
measured and could not be included in
other analyses.
We opened gizzards and separated
Zebra Mussel fragments from other material with the aid of a low power magnifying
lens. We did not weigh or identify other
food material because gizzard contents
tend to bias food identification in favour of
hard bodied prey (Swanson & Bartonek
1970).
We reconstructed
sizes of mussels consumed based on the lengths of mussels' internal septa found in gizzards. This is a reliable method because septa rarely break
down and are easily identified from other
shell fragments (Hamilton 1992a). We used
separate
reconstruction
equations
for
Lakes St. Clair and Erie (Hamilton 1992a).
Because it was not always possible to
match left and right septa, we counted
each fragment as an individual measure.
Accordingly, when whole mussels were
found, lengths of each side were measured
and used in analyses.
0
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Statistical analyses
All analyses were carried out using SASstatistical software (SAS Institute 1988). We
tested for a pattern in Zebra Mussel use
among duck species and locations based
on simple presence or absence of mussel
fragments (contingency Chi-square, SAS:
Proc FREQ). When small sample sizes invalidated the Chi-square statistic, we used
probabilities generated from Fisher's Exact
Test (SAS Institute 1988).
We compared mean mussel size consumed among species using one way analyses of variance (ANOVA) (SAS: Proc GLM).
Data were tested for normality prior to
analysis. Most distributions were normal,
and ANOVA is robust to minor violations of
assumptions (Winer 1971), so the few observed deviations from normality (Le. see
Fig. 2) are unlikely to influence our results.
Analyses were carried out separately for
each location because we detected significant differences in mussel sizes consumed
among locations, and a 2-way ANOVA combining effects of place and location was not
possible because of lack of replication (Le.
not all species appeared in all locations).
When overall significant effects were detected, the a posteriori Tukey's Test, adapted for an unbalanced design (SAS Institute
1988), was conducted to determine where
differences occurred. Because some ducks
consumed many more mussels than others, each observation was weighted as the
inverse of the number of mussels consumed by the duck from which it came.
Weightings
for each
duck therefore
summed to 1, so each individual received
equal importance in the analysis. This ensured that a duck which took many mussels did not unduly bias the results, but at
the same time allowed us to maintain the
inherent variability in the data, which
would be lost if we used a single average
mussel size taken by each duck.
We also compared size distributions of
mussels consumed by ducks at each location to better assess the range in mussel
sizes taken by diving ducks. We classified
all mussels into one of 7 size categories «5
mm, 5-7.99 mm, 8-10.99 mm, 11-13.99 mm,
14-16.99 mm, 17-19.99 mm and >20 mm). We
compared size distributions
of mussels
consumed by the different species using a
categorical
modelling procedure
(SAS:
Proc CATMOD). This test detects differences in distributions and partitions the
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Table I. Number of ducks with and without Zebra Mussels in their gizzards for each species, location, and time. Number of fragments found in gizzards and used in analyses is noted.
location
Long
Long
Long
Long
Long
Long
Long

s peci es

Point
Point
Point
Point
Point
Point
Point

season

Bufflehead
Goldeneye
Lesser Scaup
Bufflehead
Greater Scaup
Lesser Scaup
White-winged
Scoter
Bufflehead
Goldeneye
Lesser Scaup
Oldsquaw
Seater
Greater Scaup
Lesser Scaup

Point Pelee
Point Pelee
Point Pelee
Port Stanley
Port Stanley
St. Clair
St. Clair

fall
fall
fall
fall
fall
fall
fall

with mussels

n

without mussels

n

fragments

n

1990
1990
1990
1991
1991
1991
1991

0
4
0
3
6
11
1

2
0
6
3
2
7
0

0
247
0
180
179
213

fall 1991
fall 1991
fall 1991
spring 1991
spring 1991
fall 1990
fall 1990

4
1
2
19
4
3
13

0
0
0
26
5
3
11

30
51
34
169
51
88
423

anot counted or measured

variance among classification variables, in
this case species effects, much as does an
ANOVA for continuous data. As before, observations were weighted to ensure that all
ducks received equal importance in the
analysis.

Results
Number of ducks feeding on Zebra Mussels
In total, 71 (52%) of 136 ducks contained
Zebra Mussels (fable 1). There was no
overall difference among species in proportion of ducks feeding on mussels (:x2 =
7.227, df=5,P=O.204). There was, however, a
difference in use of mussels by ducks from
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Figure I. Mean (± 2 SE) Zebra Mussel sizes (length) consumed by duck species at the different
in 1990 and 1991. The significance of differences among species is given in Table 2.
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Table 2. Analyses of variance in mean Zebra Mussel size consumed by the different duck species in
different locations. When overall significant differences occurred, species differences were identified
using Tukey's Test (SAS Institute 1988).
group

df
(model, error)

F

P

differences

Long Point 1991

2,569

20.30

<0.0001

Greater Scaup> Lesser Scaup
Greater Scaup> Bufflehead
Lesser Scaup> Bufflehead

Point Pelee 1991

2,112

5.79

0.0041

St. Clair 1990

1,509

31.43

<0.0001

Port Stanley 1991

1,218

1.24

0.2669

the different locations (x2=8.509, df=3,
P=0.037). This arose because of the inclusion of ducks from Port Stanley (which involved duck species not sampled elsewhere). When Port Stanley was excluded
from the analysis, ducks were equally likely
to consume Zebra Mussels at all locations
(x2=4.805, df=2, Fisher's Exact P=0.0985). In
this sample, 48 of 82 ducks (58.5%) contained mussels (fable 1).

60

a) Long Point

Lesser Scaup> Bufflehead
Lesser Scaup> Goldeneye
Greater Scaup > Lesser Scaup
none

Mean size of mussels consumed
Large species of ducks at each location
(with the exception
of Port Stanley)
appeared to take the largest mussels (see
Bellrose (1980) for average sizes of duck
species). At Long Point in 1991, Greater
Scaup ate larger mussels than did Lesser
Scaup, and both scaup species took larger
prey than did Bufflehead (Figure 1, Table
2). Lesser Scaup took larger mussels than
did Common Goldeneye and Bufflehead at
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Figure 2. Size-frequency distributions
of Zebra Mussels consumed by the different duck species in
1990 and 1991 at each sampling location. The Y-axis refer to percent of all mussels eaten by a species
(within sites) which fall into the various size categories. Observations were weighted such that each
duck received equal importance (see methods).

Diving ducks and Zebra Mussels

163

Table 3. Categorical analysis of Zebra Mnssel size frequency distributions
consumed by each duck
species in each location. Significant effects indicate that size distributions
of mussels consumed differ
among the species.
location

comparisons

X2

df

P

Long Point 1991

Bufflehead, Greater Scaup,
Lesser Scaup

102.00

12

<0.0001

St. Clair 1990

Greater Scaup, Lesser Scaup

33.86

6

<0.0001

Point Pelee 1991

Common Goldeneye,
Lesser Scaup

18.03

12

0.1147

Port Stanley 1991

White-winged

15.92

6

0.0142

Bufflehead,

Scoter, Oldsquaw

Point Pelee (Figure 1. Table 2). At Lake S1.
Clair in 1990, Greater Scaup took significantly larger mussels than did Lesser Scaup
(Figure 1, Table 1). Finally, there was no statistical difference among mussel sizes eaten
by White-winged Scoters and Oldsquaws at
Port Stanley (Figure 1, Table 2).
Size distribution of mussels consumed
Size distribution of mussels consumed at
Long Point differed among species (Table
3). Greater and Lesser Scaup consumed a
greater proportion of large mussels, and
took a somewhat wider range of mussel
sizes, than did Bufflehead (Figure 2),
though all species appeared to feed on
mussels of many different sizes. It is notable that Common Goldeneye in 1990 ate
mussels much larger than did any of the
species in 1991 (Figure 2), but these could
not be compared to the 1991 birds because
available mussel sizes may have differed.
At Lake St. Clair in 1990, Greater and Lesser
Scaup consumed a similar range of mussel
sizes, but most frequently taken size
classes for Greater Scaup were larger than
for Lesser Scaup, generating a significant
difference between the two distributions
(Table 3, Figure 2). There was no overall
difference in size-frequency distributions
of mussels consumed by the three species
of ducks at Point Pelee, and all species took
mussels from a similar size range (Table 3).
However, Common Goldeneye and Bufflehead tended to make greater use of small
mussels than did Lesser Scaup (Figure 2).
Distributions of mussels taken by Oldsquaw and White-winged Scoters at Port
Stanley differed significantly, with scoters
feeding more heavily on 8-11 mm mussels,
but the range taken by the two species was
similar (Table 3, Figure 2).

Discussion
Ducks feeding in Lakes Erie and S1. Clair
have clearly altered their food habits to include Zebra Mussels since the arrival of
these bivalves in North America. More than
half of the birds examined, including all of
those from Point Pelee and nearly 60% of
those from Long Point in 1991, contained
mussels. This is consistent with European
observations, where birds have frequently
altered their diets to include Zebra Mussels
shortly after they became available (pedroli 1977, 1981, Geroudet 1978). Notably,
this change has been shown by duck
species that use different habitats. Oldsquaws typically feed farther from shore in
deeper water than do the other species in
the study (Bellrose 1980). Hence, Zebra
Mussels have provided a common food
source for diving duck species feeding in
different locations and under different foraging constraints.
Except for Point Pelee, the sampling locations in our study represent traditional
staging grounds for migratory diving ducks
(McCullough 1981). Diving ducks began
feeding at Point Pelee during fall only after
the 1988 arrival (Griffiths et al. 1991) of
Zebra Mussels in the area (Wormington &
Leach 1992). This difference may explain
why all ducks from Point Pelee contained
Zebra Mussels, whereas some ducks from
other locations had not eaten mussels before collection. Alternative foods were present in the other areas, so some ducks may
not have switched to Zebra Mussels. At
Point Pelee, however, ducks were probably
there only because of the presence of
Zebra
Mussels
(see Leuzinger
1969,
Geroudet 1978, Pedroli 1981 and Suter
1982b for European examples of changes in
waterfowl migration patterns and staging
grounds in response to Zebra Mussels), so
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mussels were almost certainly their main
food source.
It is possible that some ducks from our
study areas (other than Point Pelee) did
not contain Zebra Mussels because mussels were not present where they fed. We
used SCUBA gear to do extensive bottom
surveys in the area where ducks were collected at Point Pelee (Hamilton 1992b). The
substrate was blanketed with mussels, and
no other obvious food sources were present. Ducks from other sites were shot by
hunters or caught in fish nets, and, although we know that mussels were present
in the general area, we know nothing of particular sites where ducks fed immediately
before collection.
We found a general tendency at most
sites for larger duck species to take larger
Zebra Mussels. This is not a surprising result, but it is notable that although there
were differences among sizes of mussels
taken, all species took a very broad and
overlapping range of prey. Mussel sizes
taken by species also differed greatly
among sites. Ducks from Point Pelee took
larger mussels than did their conspecifics
in other areas. Mussel size distributions
tend to change considerably over times
and locations (Stanczykowska 1977, Bij de
Vaate 1991, Griffiths et al. 1991, Hebert et
al. 1991), so it is probable that the range of
available prey differed among sites, causing ducks to take mussels of different sizes.
Diving ducks are typically size-selective
predators when feeding on Zebra Mussels
(Draulans 1982, 1984, 1987). The calorific
value of a mussel increases exponentially
with shell length (Draulans & Wouters
1988), but shells also thicken as mussels
grow, so neither very large nor very small
mussels are as profitable as medium-sized
mussels. However, ducks feeding in the
Great Lakes appear to feed on mussels of
widely varying sizes. Mitchell & Carlson
(1993) found that Lesser Scaup in Lake
Michigan fed most heavily on small mussels averaging 4.1 mm in length. This contrasts with our observation that ducks selected much larger than average mussels at
Point Pelee (Hamilton et al. 1994). Clearly,

although Lesser Scaup may take larger
mussels when available, even very small
mussels are sufficiently profitable to attract ducks.
Conclusions

Duck species in our study fed mostly on
medium-sized mussels, but also ate many
smaller mussels. This broad range of acceptability may help to explain why Zebra
Mussels have so quickly become an important food source for diving ducks in the
Great Lakes. It also suggests that mussels
will remain important for ducks in the future. Clearly, selection of Zebra Mussels by
diving ducks is related to mussel size availability, and further work, in which mussel
availability and sizes taken are quantified,
is needed to determine the nature of this
relationship and its implications for ducks
and Zebra Mussels in the Great Lakes region. Ducks are unlikely to eliminate mussels (Hamilton et al. 1994), and the high reproductive
and growth rates of the
mussels virtually ensure that, given the
variability of mussel sizes consumed in our
study, mussels of acceptable sizes will be
available for ducks each year.
We have shown that ducks do feed on
Zebra Mussels in the Laurentian Great
Lakes. However, we have no information
on the possible long term effects of this
food source on duck populations. Further
study, concerning nutritional quality and
contaminant levels of Zebra Mussels, as
well as condition and population changes
of duck species using this new food source,
is required to address this question. Monitoring 0,£ newly invaded lakes for changes
in local duck populations may allow us to
assess the impact of Zebra Mussels on staging grounds and migration patterns of diving ducks. This would permit study of the
link between ducks and their newly introduced prey, and, combined with knowledge of the value of Zebra Mussels as a
food source, would help to determine the
true impact of Zebra Mussels on North
American duck populations.

We thank Jeremy Heywood for field and laboratory
assistance. We are grateful to Richard
Knapton for providing
duck samples and Zebra Mussel data collected at Long Point, and to
Sandi Johnson, Gary McCullough, Todd Merendino and Stan Vincent for collecting/providing
ducks from Lakes St. Clair and Erie. We thank the staff of Point Pelee National Park for allowing us to live and work in the park. We are grateful to Matthew Litvak and two anonymous reviewers for comments on this manuscript. Funding for this project was provided by a grant from

Diving ducks and Zebra Mussels

165

the Ontario Ministry of Natural Resources to R. C Bailey and CDA. Additional assistance came
from a Canadian Wildlife Service grant to CDA and DJH, an NSERC operating grant to CDA,
and an NSERC post-graduate fellowship to DJH

References
Bij de Vaate, A. 1991. Distribution and aspects of population dynamics of the zebra mussel,
Dreissena polymorpha (pallas, 1771), in the Lake IJsselmeer area (fhe Netherlands).
Oecologia 86:40-50.
Bellrose, F.C. 1980. Ducks, geese, and swans of North America. Stackpole
Pa.

Books, Harrisburg,

Borowiecz, E. 1975. Food of the coot (Fulica atra L.) in different phenological
Arch. Hydrobiol. 22:157-166.
Draulans, D. 1982. Foraging and size selection
1Anim. Eco/. 51:943-956.

of mussels by the tufted duck, Aythya fuligula.

Draulans, D. 1984. Sub-optimal mussel selection
hypothesis. Anim. Behav. 32: 1192-1196.
Draulans, D. 1987. Do Tufted Duck and Pochard
a similar way? Wildfowl 38:49-54.

periods. Pol.

by tufted ducks Aythya fuligula: test of an
select between

differently

sized mussels in

Draulans, D. & Wouters, R 1988. Density, growth and calorific value of Dreissena polymorpha (Mollusca: Bivalvia) in a pond created by sand extraction, and its importance as
food for fish. Ann. Soc. Zool. Belg. 118:51-60.
Geroudet, P. 1966. Premieres consequences
ornithologiques
de !'introduction
zebree Dreissena polymorpha dans Ie lac Leman. Nos Oiseaux 28:301-307.

de la moule

Geroudet, P. 1978. L'evolution du peuplement hivernal des oiseaux d'eau dans Ie canton de
Geneve (Leman et Rhone) de 1951 a 1977. Nos Oiseaux 34:207-221.
Griffiths, RW., Schloesser, D.W., Leach, J.H. & Kovalek, W.P. 1991. Distribution and dispersal of the Zebra Mussel (Dreissena polymorpha) in the Great Lakes region. Can. 1Fish.
Aquat. Sci. 48:1381-1388.
Guillemette, M., Bolduc, F., & Des Granges, J.-L. 1994. Stomach contents of diving and dabbling ducks during fall migration in the St. Lawrence River Quebec, Canada. Wildfowl 45.
Hamilton, D.J. 1992a. A method for reconstruction
of Zebra Mussel (Dreissena polymorpha)
length from shell fragments. Can. 1Zool. 70:2486-2490.
Hamilton, DJ. 1992b. The relationship between two predator groups, diving ducks and fish,
and their prey, the Zebra Mussel (Dreissena polymorpha), in Lake Erie at Point Pelee, Ontario. MSc. thesis, University of Western Ontario, London, Ontario, Canada.
Hamilton, D.J., Ankney, C.D. & Bailey, RC. 1994. Predation
ducks: an exclosure study. Ecology 75:521-531.

of Zebra Mussels

by diving

Hebert, P.D.N., Wilson, C.C., Murdoch, M.H. & Lazar, R 1991. Demography and ecological
impacts of the invading mollusc Dreissena polymorpha. Can. 1Zool. 69:405-409.
Leuzinger, H. 1969. Zum Auftreten
der Wandermuschel
Auswirkungen auf die wasser vogel. Ornitho/. Beob. 66:64.

urn untersee

und

dessen

Ludyanskiy, M.L., McDonald, D. & MacNeill, D. 1993. Impact of the Zebra Mussel, a bivalve
invader. Bioscience 43:533-544.
Macisaac, H.J., Sprules, W.G., Johannsson, O.E. & Leach, J.H. 1992. Filtering impacts of larval and sessile Zebra Mussels (Dreissena polymorpha) in western Lake Erie. Oecologia
92:30-39.
McCullough, G.B. 1981. Migrant waterfowl utilization of the Lake Erie shore, Ontario, near
the Nanticoke industrial development. J. Great Lakes Res. 7:117-122.

166

Diving ducks and Zebra Mussels

Mitchell, C.A. & Carlson, J. 1993. Lesser Scaup forage on Zebra Mussels at Cook Nuclear
Plant, Michigan. 1. Field Ornithol. 64:219-222.
Olney, P.J.S. 1963. The food and feeding habits of Tufted Duck Aythya fuligula. Ibis 105:55-62.
O'Neill, C.R. & MacNeill, D.B. 1989. Dreissena polymorpha an unwelcome new great lakes invader. Coastal Resources Fact Sheet. New York Sea Grant Extension Program. Ithaca, New
York. 8 pp.
Pedroli, J.C. 1977. Relation entre les oiseaux aquatiques
de Neuchatel. Ornithol. Beob. 74:86-87.

etDreissena

polymorpha

dans Ie lac

Pedroli, J.C. 1981. Les relations entre la moule zebree Dreissena polymorpha (pallas) et les
oiseaux aquatiques. Ph.D. thesis, Universite de Neuchatel, Neuchatel, Switzerland.
Pedroli, J.C. 1982. Activity and time budget of Tufted Ducks on Swiss lakes during winter.
Wildfowl 33:105-112.
SAS Institute, Inc. 1988. SAS/STAT
Inc. 1028 pp.

User's Guide, Release 6.03 Edition. Cary, NC: Sas Institute

Stanczykowska, A. 1977. Ecology of Dreissena
Arch. Hydro. 24:461-530.

polymorpha

(pall.) (Bivalvia) in lakes. Pol.

Stanczykowska, A., Zyska, P., Dombrowska, A., Kot, H. &Zyska, E. 1990. The distribution of
waterfowl in relation to mollusc populations in the man-made Lake Zegrzynskie. Hydrobiologia 191 :233-240.
Stempniewicz, L. 1974. The effects of feeding of the coot (Fulica atra L.) on the character of
the shoals of Dreissena polymorpha Pall. in the Lake Goplo. Acta Univ. Nic. Copern.
34:83-103.
Suter, W. 1982a. Vergleichende
nahrungsokologie
von iiberwinternden
tauchenten
(Bucephala, Aythya) und bUiBhuhn (Fulica atra) am Untersee-EndejHochrhein
(Bodensee).
Ornithol. Beob. 79:225-254.
Suter, W. 1982b. Die bedeutung von Untersee-EndejHochrhein
(Bodensee) als wichtiges
uberwinterungs
gewiisser fUr tauchenten
(Aythya, Bucephala) und bliiBhuhn (Fulica
atra). Ornithol. Beob. 79:73-96.
Suter, W. 1982c. Der einfluss von wasservogeln
auf populationen
der wandermuschel
(Dreissena polymorpha Pall.) am UnterseejHochrhein
(Bodensee). Schwe iz. Z. Hydrol.
44: 149-161.
Swanson, G.A. & Bartonek, J.e. 1970. Bias associated
blue-winged teal. 1. Wildl. Manage. 34:739-746.
Winer, B.J. 1971. Statistical principles
New York.

of experimental

with food analysis

in gizzards

of

design. Second Edition. McGraw-Hill,

Wisniewski, R. 1974. Distribution and character of shoals of Dreissena polymorpha
the bay part of Goplo Lake. Acta Univ. Nic. Copern. 34:73-81.

Pall. in

Wormington, A. & Leach, J.H. 1992. Concentrations
of migrant diving ducks at Point Pelee,
Ontario, in response to invasion of Zebra Mussels, Dreissena polymorpha. Can. Field Nat.
106:376-380.
Diana J. Hamilton, Department of Zoology, University of Guelph, Guelph, Ontario, Canada,
N1G 2W1.
C. Davison Ankney, Department of Zoology, University of Western Ontario, London, Ontario, Canada. N6A 5B7. (Author to whom reprint requests should be addressed.)

