
Stomach contents of diving and
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Stomach contents of ten duck species feeding on benthos were analysed in the context of new
prey species invading the St. Lawrence river, eastern Canada. One hundred and twenty-three
stomachs (J23) belonging to eight species of diving ducks and two species of dabbling ducks
were ana lysed. The amount of food found in the stomachs was low and seems to be related to
the fact that the great majority of ducks were collected while flying. A bias in food composition
was associated with duck species characterized by residual contents in their gizzard, which
were discarded from our analysis. In general, the diet of diving ducks was mainly animal while
plant material dominated the diet of dabbling ducks. The most important group of animal prey
was the gastropods, two species from which dominated the diet of diving ducks, namely By-
thinya tentaculata and Viviparus sp. These two prey species are European in origin and were
apparently introduced in the St. Lawrence several decades ago. This leads us to suggest that
the recent introduction of the Zebra Mussel Dreissena polymorpha in the St. Lawrence could
significantly alter the diet of diving ducks in the future. Incidently, one specimen of Surf Scoter
Melanitta perspicillata had its gizzard filled with this species.
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About 700,000 individuals, including 33
species, of geese and ducks, use the St.
Lawrence system during the fall migration.
Diving ducks make up about 48% of this
number and represent 64% of the species
that visit the St. Lawrence during the fall,
while dabbling ducks make up 20% of the
population and account for 27% of the
species number (Lehoux et al. 1985). Most
diving duck species are known to feed on
animal matter, normally found at the bot-
tom of shallow lakes or in intertidal and in-
fralittoral areas of marine regions (Cottam
1939). In contrast, most dabbling ducks are
often considered to be omnivorous be-
cause of the amount of plant and animal
material in their diets (Bellrose 1976).

Although the abundance and diversity of
ducks using the St. Lawrence during fall mi-
gration is extraordinary, there is no infor-
mation concerning their food habits. The
purpose of this article is to document the
diets of ten species of ducks feeding mainly
or occasionally on benthos, in relation to
the proliferation of new prey species intro-
duced into the St. Lawrence through
human activity. Accordingly, we used spec-
imens, collected as part of an extensive
programme dealing with toxic residues in
the flesh of game species, to identify the

taxonomic nature and the relative impor-
tance of prey species consumed by ducks
using the St. Lawrence river during fall.

Study area

The region under study extends from Lake
St. Francois to Montmagny (Figure 1), a lin-
ear distance of about 500 km. This stretch
of the St. Lawrence river is characterized
by fairly level topography, as well as lacus-
trine and fluvial habitats associated mainly
with fresh water or slightly brackish water,
as in the Montmagny area « 1% salinity;
Vincent 1979).

Methods

The specimens used for our analysis were
collected by hunters who had shot the
ducks in flight. The contents of the oesoph-
agus (including the proventriculus) and the
gizzard were analysed separately for each
specimen. Morphological criteria were
used to differentiate pelecypods from gas-
tropods, and morphological and colour cri-
teria to distinguish the various families and
genera of gastropods. In many cases, how-
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Figure 1. The Saint-Lawrence river and the diet of Lesser Scaups on their 3 main capture locations.
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ever, it was difficult to identify the genera
of the food items, particularly those that
had been subject to grinding in the gizzard.
The problem was partially overcome by
grinding known prey items and comparing
them with material found in the gizzard.

The relative importance of each type of
food item found in either of the two organs
was then determined by dividing the wet
mass of the item by the wet mass of the
total content. When the contents were
finely triturated we measured the wet mass
of the total contents of the organ. We then
spread the contents on a tray and rated the
importance of each item according to a
scale of 1 to 10. This rating was then con-
verted to a gravimetrical index by multiply-
ing it with the total content.

Results

Quality of the samples

One hundred and twenty-three ducks were
obtained from hunters operating in the fall
on the St. Lawrence from Lake St. Francois
to Montmagny. Of these, 12 contained no

trace of food and were excluded from our
analysis (fable 1). In all, III specimens
were analysed, 66 of which were diving
ducks and 45 dabbling ducks. There were
eight species of diving ducks and only two
species of dabbling ducks, namely Ameri-
can Black Duck Anas rubripes and Mallard
A. platyrhynchos (fable 1).

The average quantity of food items in the
stomachs was generally very low, ranging
from 0.7 g for Black Scoter Melanitta nigra
to 9.7 g for American Black Duck (fable 1).
Few specimens had food items in the oe-
sophagus, and we combined the results for
both organs (oesophagus + gizzard = stom-
ach). Generally speaking, the dabbling
ducks had consumed more plant material
than had the diving ducks (fable 2). Our
analyses did show, however, that the diets
of several species of the diving ducks, such
as the scoters Melanitta spp. and Buffle-
head Bucephala albeola, were character-
ized by high proportions of plant material.
This latter observation appears to be
linked to the low stomach contents of these
species. In fact, there is a high inverse cor-
relation (rp= -0.929, n = 5, P<0.05) between
the relative mass of plant material and the

Table I. Characteristics of stomach contents of ducks collected on the St. Lawrence river during
the fall of 1991.

Species Number of individuals Mean (± SO)
collected having at having at fresh mass of

least one least one prey in prey found in
prey in the the oesophagus both organs

oesophagus" or the gizzard

Lesser Scaup
(Aythya affinis) 30 5 30 7,3 ± 4,6
Greater Scaup

7,3 ± 5,8(Aythya mari/a) 5 3 5
Ring-necked Duck

6 4,9 ± 3,6(Aythya collaris) 7

Surf Seater
(Melanitta perspicillata) 7 6 4,0 ± 3,6
Black Seater
(Melanitta nigra) 7 5 0,7 ± 0,6
White-winged Seater

1,5 ± 1,4(Melanitta fusca) 7 3
Bufflehead
(Bucephala albeola) 10 7 1,3 ± 1,0
Common Goldeneye
(Bucephala clangula) 4 4 7,4 ± 4,6
American Black Duck
(Anas rubripes) 23 9 23 9,7±10,5
Mallard
(Anas platyrhynchos) 23 3 22 8,8 ± 9,0

"Including the proventriculus.



•.....
-.]

0

kJ
Table 2. Frequency and proportion (wet mass) of the principal dietary components found in stomach (gizzards and oesophagus) of ducks collected on the St. Lawrence 0

river during the fall of 1991. Number of individuals analysed is shown in parenthesis under each duck species. :3r;:,
'"'Aythya Aythya Aythya Melanitta Melanitta Melanitta Eucephala Eucephala Anas Anas :::-
'"'aFFinis marila collaris perspicillata nigra Fusca albeola clangula rubripes platrhynchos 0

(n = 30) (n = 5) (n = 6) (n = 6) (n = 5) (n = 3) (n =7) (n = 4) (n = 23) (n = 22) ::J
~::J

Animal matter 30 (0,928) 5 (0,865) 4 (0,309) 2 (0,396) 1 (0,153) 3 (0,301) 3 (0,964) 8 (0,058) 5 (0,011) ~
Pelecypoda 3 2 2 1 0..."

*Unionacea 1 (0,179) 1 (0,115) i::>..
Dreissenidae 1 (0,274) ~

'"'Sphaeriidae 3 (0,010) 1 (0,004) 1 (0,153) ;>:,-

'"Undetermined 1 (0,005) 1 (0,003)
Gasteropoda 29 5 3 2 2 8 2

Hydrobiidae 1 (0,002) 2 (0,012)
Viviparidae 16 (0,345) 4 (0,552)
Valvatidae 3 (0,002)
Planorbidae 1«0,000) 1 (0,034) 1 (0,003)
Bithyniidae 19 (0,346) 2 (0,050) 2 (0,061) 1 (0,272) 2 (0,117) 3 (0,004)
Pleuroceridae 5 (0,033) 2 (0,183) 2 (0,032) 1 (0,003) 1 (0,018) 1 (0,002)
Lymnaeidae 3 (0,036)
Physidae 2 (0,023)
Undetermined 9 (0,149) 2 (0,0880) 4 (0,020) 2 (0,001)

Crustacea 1 (0,015) 3 (0,007)
Insecta 2 (0,006) 3 (0,829) 2 (0,002) 2 (0,003)

Plant matter 4 (0,073) 3 (0,397) 6 (0,603) 4 (0,847) 3 (1,000) 5 (0,699) 2 (0,036) 22 (0,941) 22 (0,980)
Gramineae 2 (0,071) 5 (0,350) 1 (0,240)

Cyperaceae 1 (0,002) 1 (0,003) 1 (0,004) 11 (0,101) 13 (0,222)
Polygonaceae 1 (0,002) 7 (0,053)

Algae 1 (0,620)
Undetermined 1«0,000) 2 (0,394) 6 (0,603) 4 (0,847) 2 (0,380) 5 (0,699) 1 (0,032) 13 (0,488) 17 (0,453)

Undetermined
organic matter 2 (0,135) 2 (0,295) 1 (0,009)

* Superfamily
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average quantity of the stomach contents
of a duck species known to feed mainly on
animals (Figure 2). This relationship sug-
gests that plant material may be ingested
involuntarily by diving ducks and be found
in a residual state in gizzards that are al-
most empty. For this reason, the following
analysis will bear mainly on the scaups,
Common Goldeneye B. clangula and the
dabbling ducks.

Diet of diving ducks

Animal material dominated the diet of the
diving ducks, comprising 100, 93, 44 and 96
% (excluding non-identified organic mater-
ial) of the food items found in the stomachs
of the Greater Scaup Aythya mari/a, Lesser
Scaup A. affinis, Ring-necked Ducks A. col-
laris and Common Goldeneyes, respec-
tively. Gastropods were found to be the
most important food item for diving ducks
(Table 2), occurring very frequently in the
Greater and Lesser Scaup and to a lesser de-
gree in the Ring-necked Ducks and Common
Goldeneyes. The prey species most com-
monly found were Bithynia tentaculata and
Viviparus spp., two gastropods belonging to
the Bithynidae and Viviparidae families, re-
spectively (Table 2). Note that Bithynia was
commonly in six species of ducks, five of
which were diving ducks, while Viviparus
was found solely in the Greater and Lesser
Scaup. Finally, the proportion of the other
species of gastropods (Valvatidae, Planor-
bidae, Pleuroceridae, Lymnaeidae Physi-
dae) was lower in the diets of ducks fre-
quenting the St. Lawrence river (Table 2).

Pelecypods were next in frequency of oc-
currence in the diving ducks (Table 2).
Pelecypods of the genus Sphaerium were
found in three species (Greater Scaup, Surf
Scoter and Black Scoter), while one bivalve
of the Unionidae superfamily was found in
two species (Ring-necked Duck and Surf
Scoter). The Zebra Mussel Dreissena poly-
morpha was also found in the stomach of
one Surf Scoter. Finally, insects of the
order trichoptera were also found to be
part of the diet of diving ducks, particularly
in the case of the Common Goldeneye
(Table 2).

Diet of dabbling ducks

The diet of dabbling ducks was predomi-

nantly plant food, which comprised over
94% of the wet mass. Cyperaceae seeds
were the most frequently found food of the
American Black Duck and the Mallard but
formed a low mean proportion of the wet
mass (Table 2). Frequency of occurence of
the seeds of these aquatic plants was iden-
tical for both these species of dabbling
ducks (",50%). Although Gramineae were
found less often in both species, this type
of plant formed a high proportion of the
wet mass. For example, it comprised 24% of
the wet mass for the Mallard even though
only one specimen had fed on it. On the
other hand, five Black Ducks had fed on
Gramineae, making it proportionately the
most important food item for this species.
Polygonaceae seeds were second in fre-
quency of occurrence in the diet of the Mal-
lard, but were almost absent from the diet
of the Black Ducks (Table 2). Insects be-
longing to the orders coleoptera and
diptera were consumed by the Mallard
much less frequently than was plant mater-
ial. The situation was identical for crus-
taceans of the genus Gammarus, although
this type of food was found in the stomachs
of three Mallard and one Black Duck. Gas-
tropods (mainly Bithyniidae and Hydrobi-
idae) comprised the remainder of the ani-
mal matter consumed by the dabbling
ducks.

Discussion

Quality of the samples

Most of the ducks taken from the St.
Lawrence river had a low quantity of food
in their digestive systems (Table 1). More-
over, in many cases, only the gizzard con-
tained food, which made identification dif-
ficult, given the extent of grinding. This
phenomenon is particularly true of ducks
shot during flight, as was the case in this
study. In a study on the Common Eider 50-
materia mollissima, Guillemette (1994)
found that only 2.2% of the 92 individuals
taken in flight had food in the oesophagus.
Moreover, 36% of these had less than 5 g of
food in the gizzard, or in other words, four
times less than what would be normally
found in a well-filled gizzard. These results
clearly show that ducks taken in flight are
not ideal samples for diet analysis.

Swanson & Bartonek (1970) also ob-
served that the stomach contents of ducks
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taken by hunters left much to be desired as
to the informative value of the results.
These authors, however, attributed the po-
tential bias that such specimens represent
to differential digestion; the difference in
the proportion of food found in the gizzard
and oesophagus could be due to more
rapid digestion of certain parts of the prey
over others (Swanson & Bartonek 1970). Al-
though this bias might be considerable for
certain species, it is plausible that it is min-
imal in the case of diving ducks, because of
the rough exoskeletons of most benthic
prey. It nonetheless remains that the low
quantity of material found in the stomachs
of diving ducks taken from the St. Lawrence
river could present a distorted picture of
reality. The inverse correlation between
the proportion of plant food and the aver-
age volume of material in the stomachs
analysed supports this assertion (Figure
2). This is because it is highly unlikely that
plant material would constitute a major
food item in the diet of scoters (Melanitta
spp.) , as most studies indicate that mol-
luscs constitute a major proportion of their
diet (McGilvrey 1967, Stott & Olsen 1973,
Vermeer & Levings 1977, Vermeer 1981).
The same argument applies to the Buffle-
head, which feeds mainly on crustaceans in
marine habitats (Stott & Olsen 1973, Ver-

meer 1982) and on insects in freshwater
habitats (Erskine 1972). We therefore sug-
gest that the relatively high proportion of
plant material in these diving ducks is due
to involuntary ingestion and to their poorly
adapted digestive system for this type of
food.

Comparison with other studies

The quantity of material found in the stom-
achs of scaups, Common Goldeneyes and
dabbling ducks taken from the St.
Lawrence river (Table I) was nonetheless
sufficient for us to make a realistic asses-
ment of their food habits. Animal food dom-
inates the diet of Lesser Scaup feeding in
the St. Lawrence. This result is similar to
those of Rogers & Korschgen (1966) and
Afton et al. (1991) for the Mississipi river
which indicated that animal material con-
stituted more than 90% of the contents
found in Lesser Scaups in the fall. The rel-
ative importance of animal material in
Greater Scaup migrating along the St.
Lawrence is also quite high (86%) but con-
trasts sharply with the study of Jones &
Drobney (1986) in Michigan where animal
material constituted only 28% of the
Greater Scaup diet during the winter sea-

Common Goldeneye
I++--~--.-----r--r----'----'---""'-~.--.

Black scoter
I BuffleheadI I WhiteWinged Scoter
I I I
I I II 1%+ I.,- 1,0fC...•

I-<
CU••fC 0,86
••s::
fC 0,6-p....•..
0 0,4s::
0...•••I-< 0,20
p..
0
I-< 0,0~

0 1

•

Surf scoter
I
I
I

!

2 3 4 5 6
Mean amount of prey (g)

7 8

Figure 2. Relationship between the mean amount of prey and the mean proportion of plant mater-
ial found in the stomach of a duck species known to be mainly animal feeder (rp=-O.929, p<O.05,
n=5).
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son. Jones & Drobney (1986) suspected,
however, that Greater Scaup had ingested
plant material involuntarily. In addition,
their study was conducted during winter
and it is possible that diet varies with sea-
son, as indicated by Rogers & Korschgen
(1966) and Afton et al. (1991). Finally, the
Ring-necked Duck appears to be more her-
bivorous than scaups since the relative im-
portance of plant material (40%) is slightly
higher than animal material in this species
(fable 2). The dominance of plant material
in the Ring-necked Duck has been reported
in other studies (Cottam 1939, Hoppe et al.
1986) and our finding lend further support
to what seems to be a common habit in this
species.

Gastropods dominated the diet of
Greater and Lesser Scaup in the S1.
Lawrence, comprising at least 87% of the
wet mass of the ingested foods. The situa-
tion is similar to the fluvial habitat of the
Mississippi river (70%, Rogers & Korschgen
1966) but is much different than lacustrine
habitats, where this species feeds mainly
on crustaceans (60.1 %, Rogers & Ko-
rschgen 1966, 77.4%, Afton et al. 1991).

Animal material was clearly preponder-
ant in the diet of Common Goldeneye
(96%), although only four specimens were
analysed (fable 2). Insects were the domi-
nant food of this species, a finding that con-
curs with those of Olney & Mills (1963) in
Great Britain, namely 54% in Ireland, 98% in
Scotland and 58% in England. It is interest-
ing to note that dabbling ducks consumed
gastropods in a few instances, which allows
us to assume that these species may on oc-
casion dive when feeding, as noted by
Bourget & Chapdelaine (1976). It is, how-
ever, possible that these gastropods were
taken in shallow waters or ingested invol-
untarily, given that gastropods attach
themselves to vegetation during the egg-
laying stage of their reproduction phase
(Bruno Vincent, pers. comm.). The diet of
dabbling ducks is nonetheless composed
mainly of plant material, mostly Gramineae
and Cyperaceae. These results do not in
any way belie the predilection of both
species for plant material (Bellrose 1976).
This author does however mention that the
Black Duck consumes animal material
more readily than the Mallard. The results
of our study do not support these observa-

tions as plant material was found in equal
amounts in both species.

Impact of introduced prey species on the
diet of diving ducks

Gastropods of the genera Bithynia and Vi-
viparus are species of European origin that
were apparently introduced to the St.
Lawrence 100 years ago in the former case
and 40 years ago in the latter (Vincent
1979). These two gastropods are among the
dominant organisms of the benthic com-
munity of the St. Lawrence (Vincent 1979)
and, according to our study, the most fre-
quently consumed food items of diving
ducks (fable 2). These observations indi-
cate that diving ducks in the S1. Lawrence
can benefit from the presence of intro-
duced benthic species. According to Vin-
cent (1979), Bithynia are found in shallow
depths near the shore and can dominate
shallow bays where there is little or no cur-
rent. Viviparus is found in deeper waters
where the current is stronger. This sug-
gests that scaups can use either type of
habitat indiscriminately and that the great
importance of these prey in their diet is due
to their high density in the habitat. Vincent
(1979) observed moreover that Bithynia,
the dominant species in Lake St. Pierre and
in the fluvial section (between Trois Riv-
ieres and Quebec City), was being gradu-
ally replaced by Viviparus in the Quebec
City region and around lie d'Orleans. Inter-
estingly, we also observed that Bithynia, a
favourite food item of the Lesser Scaup, has
been replaced by Viviparus in the lie d'Or-
leans area (Figure I).

The most recent example of an intro-
duced benthic species in the St. Lawrence
is the Zebra Mussel. The Zebra Mussel was
first reported in our study area in 1989
(Doyon et al. 1992), and we recorded one
specimen of Surf Scoter with its gizzard
filled with this species (7 g, or 95% of the
wet mass). This suggests that in 1991 Zebra
Mussel density was already high enough
for a bird to feed mainly on this species.
Diving ducks have proven to be the main
predators of the Zebra Mussel in Europe
(Suter 1982, Bij de Vaate 1991), where this
bivalve species was introduced many years
ago. This suggest that the Zebra Mussel
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could become a major food source for div-
ing ducks, given its increasing proliferation
in the St. Lawrence river. In several areas,
diving ducks have benefited from this new
food source, as indicated both by popula-
tion increases and changes in distribution

(Geroudet 1966, Leuzinger & Shuster 1970).
Since some species seem to benefit more
than others from that new food source
(Geroudet 1966), this could change, ulti-
mately, the relative importance of duck
species using the St. Lawrence.
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