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Abstract: We used time-activity budget techniques to measure foraging behavior of green-winged teal (Anas
crecca carolinensis) and mallards (A. platyrhynchos). Observations were made on tidal mudflats in the
Atchafalaya River Delta, Louisiana, USA, in the winter of 1994–1995. Green-winged teal spent more diurnal
time than mallards foraging (68% vs. 35%). Time spent in different foraging postures also differed between
species. Green-winged teal foraged by dabbling 70% of the time and by head-dipping only 28% of the time.
Mallards foraged by dabbling 47% of the time and by head-dipping 47% of the time. Foraging by tipping-
up was rare in both species. Mean water depths used by both species when foraging were ,5 cm. Most
foraging took place near the mud-water interface during ebb and flow tides.
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INTRODUCTION

Louisiana’s coastal wetlands comprise one of the
most important waterfowl wintering areas in the Unit-
ed States (Michot 1996). These wetlands consist of
diverse habitats that differ in their functional roles for
waterfowl (Chabreck 1988), yet studies of dabbling
ducks in coastal Louisiana have primarily concerned
impounded and intensively managed wetlands (Tami-
sier 1976, Paulus 1984 a,b, Rave and Baldassarre
1989). We used time-activity budget techniques, which
are useful in determining functional roles of habitats
(Fredrickson and Drobney 1979), to estimate the di-
urnal time green-winged teal (Anas crecca carolinen-
sis [Gmelin] Linnaeus) and mallards (A. platyrhynchos
Linnaeus) spent foraging on intertidal mudflats. Con-
current with observations of behavior, we examined
foraging postures and water depths at which foraging
took place.

STUDY AREA AND METHODS

The Atchafalaya River Delta (298269N, 918209W) is
located south of Morgan City, Louisiana, USA, in the
eastern region of the Atchafalaya Bay. The Atchafa-
laya River Delta is a complex of low-elevation islands
(areas not flooded during typical high tides) and ex-
pansive intertidal mudflats (or deltaic splays), both of
which were formed by natural accretion and by pump-
ing dredge spoil (Roberts and van Heerden 1982). The
area has a tidal amplitude that averages 0.4 m, even
though it is a fresh water system. During winter, north-
erly winds often supersede lunar tides and keep tidal
waters from covering mudflats.

Mudflats are both vegetated and non-vegetated.
Common plants occurring on mudflats include Najas
guadalupensis (Sprieng.) Mangnus., Potamogeton
crispus L., P. nodusus Poir., Sagittaria latifolia Willd.,
S. platyphylla (Engelm.) J. G. Sm., Scirpus american-
us Pers., and Vallisneria americana Michx. Most
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plants die back during autumn, leaving mudflats large-
ly devoid of above ground vegetation (Fuller et al.
1985). Peak survey estimates for winters 1988–1994
suggest that 50,200 6 10,600 (mean 6 SE) ducks win-
ter on the area, the most common being gadwall (Anas
strepera Linnaeus), green-winged teal, and mallards
(M. R. Carloss, Louisiana Department of Wildlife and
Fisheries, pers. comm.).

We observed ducks between November 1994 and
March 1995 from six elevated blinds. Blinds were lo-
cated on mudflats adjacent to randomly chosen islands;
there were 24 islands to choose from. In all but one
case, where it was not logistically possible, blinds
were placed on the side of the island that was opposite
the largest pass (or waterway). On alternating days
throughout the study period, we visited either one or
two blinds. If one was visited, we entered in mid-
morning and departed in mid-afternoon. If two were
visited, we entered the first blind at least two hours
before sunrise and departed around noon; we entered
the second blind in early afternoon (between 13:00 and
14:00) and departed one-half hour after sunset. To
evenly distribute observations among mudflats, we
visited all blinds in a rotation before we started another
rotation. Order of visitation in each rotation was ran-
domized. We collected time-activity data from 0.5 h
before sunrise until 0.5 h after sunset. Our time in
blinds spanned all tide levels, but observations tended
to take place when tidal waters covered mudflats be-
cause ducks seldom (,5% of all observations) used
the areas during low tides when they were completely
exposed.

We used focal individual sampling (Altmann 1974).
We observed individual birds for 5.5 min or until lost
from view, whichever came first. We watched no more
than one bird from any given flock per 30 min because
the behaviors of birds within a flock are auto-corre-
lated (Morton et al. 1989). When green-winged teal
and mallards both occurred in a flock, we randomly
determined which species to observe. Sex of focal in-
dividuals also was randomly determined prior to ob-
servations. We chose focal individuals by scanning
across a flock of birds, letting the spotting scope come
to rest, then selecting the bird of predetermined sex
and species closest to the center of the field of view
(Jorde et al. 1984). At each 10-sec interval during the
5.5-min period, behavior of the focal duck was re-
corded.

Behaviors were categorized as foraging or not-for-
aging. The number of instances that a duck foraged
was summed and converted to a proportion by divid-
ing by the number of intervals that the duck was ob-
served. Foraging behavior was categorized into pos-
tures: (1) dabbling (foraging without submersing the
eyes), (2) head-dipping (head or head and neck sub-

mersed with body horizontal), and (3) other (tipping-
up and food manipulation). Foraging posture data also
were converted to proportions by dividing by the total
number of intervals that a duck fed.

To record water depth, we used a spotting scope to
read poles that were color-coded in 1 cm increments;
the poles were placed at 11 to 15 locations around each
observation blind. We checked poles monthly because
sediments were continuously deposited and/or lost
from mudflats; if necessary, poles were adjusted. Al-
though mudflats had gradual slopes, we only recorded
water depth if a focal individual was within 20 m of
a color-coded pole at the beginning of an observation.
Water depth was recorded again at the end of the ob-
servation and, if it changed, the average was used.

We compared time green-winged teal and mallards
spent foraging with an ANOVA (PROC GLM, SAS
Institute Inc. 1990a) that included the effects of spe-
cies, sex, and the species by sex interaction. We also
used ANOVAs to examine the overall effects of spe-
cies, sex, and the interaction of species by sex on in-
dividual foraging postures. Only observations lasting
$2 min were included in analyses. An arcsine square-
root transformation was performed on non-normal,
proportional data and we tested homogeneity of vari-
ances with Hartley’s F-max test (Freund and Wilson
1993). Group means reported in this paper, however,
are least-squares means of the non-transformed data 6
1 standard error (SE).

Water-depth data were transformed using the arcsine
square-root function. However, variances were unequal
and a non-normal distribution persisted even after
transformation. Therefore, we compared water depths
at which green-winged teal and mallards foraged with
a Wilcoxon 2-sample test using the non-transformed
data (PROC NPAR1WAY, SAS Institute Inc. 1990b).

RESULTS

Time Spent Foraging

We collected data on 752 (379 males, 373 females)
green-winged teal and 523 (262 males, 261 females)
mallards. Diurnal time ducks spent foraging while on
mudflats was influenced by species (F 5 196.28, df 5
1, 1271, P , 0.05) and sex (F 5 7.26, df 5 1, 1271,
P , 0.05). Green-winged teal foraged more than mal-
lards (68% 6 2% vs. 35% 6 2%), and female ducks
foraged more than males (58% 6 2% vs. 52% 6 2%).
The interaction of species by sex was not significant
(F 5 0.65, df 5 1, 1271, P . 0.05).

Foraging Postures

Foraging posture data were collected on 556 green-
winged teal and 256 mallards (Figure 1). Green-
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Figure 1. Proportion of foraging time that female green-
winged teal (GWTE-F), male green-winged teal (GWTE-M),
female mallards (MALL-F) and male mallards (MALL-M)
spent in the postures dabble, head dipping and other. Stan-
dard errors are above histobars.

winged teal spent more time than mallards foraging by
dabbling (70% 6 2% vs. 47% 6 3%; F 5 48.93, df
5 1, 808, P , 0.05). In contrast, mallards spent more
time than green-winged teal foraging by head-dipping
(47% 6 3% vs. 28% 6 2%; F 5 29.46, df 5 1, 808,
P , 0.05) and more time foraging by other postures
(5% 6 1% vs. 1% 6 0.4%; F 5 73.18, df 5 1, 808,
P , 0.05). Feeding by tipping-up was rare in both
species, as we observed only 7 green-winged teal and
17 mallards tipping-up during all focal sampling.

Females foraged more by dabbling than males did
(63% 6 2% vs. 55% 6 2%; F 5 4.66, df 5 1, 808,
P , 0.05), and males foraged more than females by
head-dipping (41% 6 2% vs. 34% 6 2%; F 5 4.45,
df 5 1, 808, P , 0.05). The interaction of species by
sex was not significant for either dabbling (F 5 1.21,
df 5 1, 808, P . 0.05) or head-dipping (F 5 1.45, df
5 1, 808, P . 0.05).

Water Depth

We recorded water depths associated with foraging
for 316 green-winged teal and 136 mallards. Both spe-
cies used shallow water, but green-winged teal foraged
in shallower water (mean 5 3.5 6 0.2 cm; range 0–
29 cm) than did mallards (4.6 6 1 cm; 0–26.5 cm) (S
5 27792.5, Z 5 22.395, P , 0.05). Water depths used
by green-winged teal when dabbling averaged 2.4 6
0.2 cm (n 5 267) and depths used when head-dipping
averaged 8.5 6 0.4 cm (n 5 80). Mallards fed at
depths averaging 2.1 6 0.4 cm (n 5 95) when dab-
bling and 6.5 6 1 cm (n 5 82) when head-dipping.
Many ducks foraged by both postures, which is reflect-
ed in sample sizes.

DISCUSSION

Both green-winged teal and mallards spent much
diurnal time foraging on mudflats, but they seldom
used these areas during low tides. Similarly, mudflats
were not always available for foraging during high
tides, as water levels sometimes reached depths deep
enough to preclude green-winged teal from feeding.
Thus, comparisons of foraging time cannot be made
with studies that report results as percentages of the
day. Our observations suggest a foraging pattern, for
both species, that is similar to green-winged teal (Anas
c. crecca Linnaeus) on the Rhine River Delta (Zwarts
1976); there, teal feed during ebb and flow tides and
are involved in other activities during high tides. Al-
though tides generally are not associated with dabbling
duck behavior, they can influence foraging patterns
(Morton et al. 1989, Thompson and Baldassarre 1991).

Green-winged teal spent more time foraging than
mallards, which may be due in part to differences in
their food habits. Green-winged teal are foraging spe-
cialists, preying mainly on small food items, whereas
mallards have a more general foraging strategy, prey-
ing on a wide size range of food items (Nudds and
Bowlby 1984). Studies of green-winged teal on tidal
mudflats in Louisiana suggest a diet of microinverte-
brates (Gaston 1992). Such a specialized diet may
force green-winged teal to devote a large amount of
time to foraging. Alternatively, the differences ob-
served may simply reflect body size. Smaller species
have a higher metabolic rate per unit mass than larger
species; therefore, green-winged teal may spend more
time feeding because they have greater relative energy
requirements (Goudie and Ankney 1986). However,
mallards have absolutely greater energy and food re-
quirements than do green-winged teal, and in mild cli-
mates like Louisiana, the effect of body size should be
somewhat reduced.

Females tended to spend more time foraging than
males. This may be related to diet, as males and fe-
males of both species tend to differ in their bill struc-
ture, which suggest that they also might differ in their
food habits (Nudds and Kaminski 1984). Food habits
of wintering dabbling ducks, however, seldom differ
between sexes (Paulus 1982, Jorde et al. 1983, Miller
1987). Perhaps females spent more time foraging than
males because they allocate their feeding time between
dabbling and head-dipping differently than males do.

Differences in foraging postures used by green-
winged teal and mallards might reflect morphological
differences, as small-bodied, short-necked ducks like
green-winged teal tend to dabble more than larger
ducks (Pöysä 1983). This may be related to the energy
expenditure, as dabbling requires less energy than
head-dipping or tipping up (Pöysä 1983). Alternative-



Johnson & Rohwer, FORAGING BEHAVIOR OF DABBLING DUCKS 187

ly, green-winged teal may spend more time dabbling
because it is less risky than foraging with the head
submersed. Dabbling allows ducks to both feed and
remain vigilant, as their eyes remain above water (Pöy-
sä 1987). Increased vigilance by green-winged teal
may be particularly advantageous because their small
size makes them potentially more vulnerable than mal-
lards to predation by raptors (Johnson and Rohwer
1996).

Foraging by both green-winged teal and mallards
took place in shallow water, typically near the mud-
water interface during ebb and flow tides. It is likely
that the mud-water interface harbors high concentra-
tions of invertebrates and/or seeds (Pöysä 1983, Gas-
ton 1992). We did not compare water depths used by
either species to random depths available on mudflats,
so we cannot say that ducks selected shallow water.
However, tipping-up, the posture used by dabbling
ducks when they cannot reach the bottom simply by
submersing their head and neck, was rare, even though
water levels regularly reached depths that would re-
quire foraging by this method. Similarly, it is surpris-
ing that the average depths used by green-winged teal
and mallards when head-dipping were so shallow (8.5
and 6.5 cm, respectively), particularly since they are
capable of head-dipping at much deeper depths than
this (approximately 18 and 29 cm, respectively, Pöysä
1983). Mallards were often observed foraging in areas
where tubers of Sagittaria platyphylla (Engelm.) J. G.
Sm. were abundant; once these areas became sub-
mersed with a sheen of water, mallards would often
submerge their entire head into the sediment, some-
times even while standing up. Larger ducks, like mal-
lards, are capable of foraging on tubers found in the
upper 15 cm of the soil (Chabreck et al. 1983). Perhaps
for mallards, our water-depth data reflect their ability
to reach tubers, not just the sediment surface. Green-
winged teal on the other hand, likely foraged at or
slightly above the sediment surface (Gaston 1992).

Before strong conclusions can be made about the
importance of mudflats as foraging sites, information
is needed on activities of ducks during periods of the
day (low tides) when they do not use mudflats and on
their nocturnal activities. We suspect that diurnal and
nocturnal habits are similar, as foraging at all times is
likely linked to the availability of mudflats and, con-
sequently, to tidal patterns. A review of ducks winter-
ing in tidal areas suggests that they forage at similar
tide heights during day and night (Jorde and Owen
1988).

The use of shallow water by both species suggests
that elevation of mudflats might play a role in deter-
mining how much they are used by foraging ducks.
Relief of mudflats also might affect their use; a gradual
relief should lead to broad expanses of shallow water

during ebb and flow tides. Studies comparing the el-
evation and relief of mudflats to duck distribution at
all tide stages would be useful in planning habitat cre-
ation with dredge spoil.
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