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Abstract

Studies describing food use (i.e., diet) of nonbreeding dabbling ducks Anas spp. are essential to understanding
physiological needs of and recommending habitat management for these birds. We conducted a review of published
autumn and winter food-use studies of dabbling ducks in North America to characterize the current state of
knowledge and identify remaining research needs. We initiated our review to determine whether valuations of duck
foods and the term ‘‘preference’’ commonly used by researchers and in waterfowl management guides (i.e., the food
preference paradigm) were supported by available peer-reviewed literature. We analyzed peer-reviewed literature
(1900–2009) on autumn–winter food use of dabbling ducks (n = 59 studies). Most studies (68%) used methods known
to contain substantial bias including data from gizzards and hunter-collected ducks. Only 5% of published articles
reliably determined food selection by concurrently measuring food use and availability, and no study determined food
use at a scale appropriate for winter home ranges of dabbling ducks. In some habitats commonly managed for
waterfowl (e.g., agricultural lands), few if any collections of ducks are available to obtain data on food use. The limited
geographic and habitat scope of unbiased food use and selection studies for dabbling ducks during autumn and
winter suggests that the food-preference paradigm found in waterfowl management literature is not supported by
empirical evidence and that managers must continue to use best judgment in managing foraging habitats for
waterfowl. Researchers and conservation planners should aim to reduce uncertainty regarding the value of waterfowl
foods by conducting contemporary food-selection studies using unbiased collection and processing methodologies.
Further, we suggest future researchers conduct concurrent behavioral observations, habitat use, and food selection
studies within winter home ranges of dabbling ducks to aid managers in meeting the nutritional requirements of
dabbling ducks during autumn and winter in North America.
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Introduction

Food-use studies are useful in understanding basic
ecology of animals and essential in determining food
habits, feeding ecology, and energy budgets of waterfowl
(Bartonek and Hickey 1969; Cornelius 1977; Baldassarre
and Bolen 2006; Legagneux et al. 2007). Further, effective

management of waterfowl habitat depends on reliable
information on food use and selection (Reinecke et al.
1989; Havera 1999; Bolen 2000). Land managers at
migration stopovers and in wintering regions often create
and manipulate foraging habitat for nonbreeding water-
fowl to meet conservation goals consistent with the
current state of knowledge of waterfowl food use
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(Reinecke et al. 1989; Kross et al. 2008). Habitat manage-
ment guidelines often encourage managers to produce
high-energy foods (Nassar et al. 1993; Lane and Jensen
1999; Strader and Stinson 2005; Nelms 2007); however,
true metabolizable energy of most waterfowl foods and
selection tendencies of most species are unknown
(Fredrickson and Taylor 1982; Dugger et al. 2007).

Avian botulism, lead poisoning, and other diseases
prompted scientists to begin investigating waterfowl food
use in the early–mid–1900s (Bolen 2000). Since that time,
literature on food use has accumulated, but collection and
processing methods may not have reliably or accurately
characterized diets of dabbling ducks prior to important
findings of Swanson and Bartonek (1970) and Sheeley and
Smith (1989), who reported biases associated with using
gizzard samples and hunter-collected ducks, respectively.
Unbiased understanding of waterfowl food use and
selection are necessary to accurately estimate and model
ecological carrying capacity and predict food depletion
(NAWMP 2007; NSST 2007; Greer et al. 2009). Joint
Ventures, partnerships established under the North
American Waterfowl Management Plan (NAWMP) to help
conserve the continent’s waterfowl populations and
habitats, require reliable information on food selection
by waterfowl (especially dabbling ducks) to accurately
estimate the carrying capacities of landscapes and
recommend efficient habitat conservation strategies
(Canadian Wildlife Service and U.S. Fish and Wildlife
Service 1986; Loesch et al. 1994). Herein, we describe the
evolution in methodologies used and evaluate the extent
of unbiased information available to conservation plan-
ners and habitat managers regarding autumn–winter
food use and selection by dabbling ducks.

We assessed the current state of knowledge regarding
food use and selection of autumn migrating and
wintering migratory dabbling ducks (Anas spp.; i.e.,
excluding mottled ducks A. fulvigula) in North America.
We reviewed information on dabbling ducks because this
taxon is often a focus of habitat conservation initiatives
(e.g., NAWMP, Wetlands Reserve Program, Migratory Bird
Habitat Initiative) and food resources are considered a
limiting factor during the nonbreeding season (Canadian
Wildlife Service and U.S. Fish and Wildlife Service 1986;
Loesch et al. 1994; Wilson and Esslinger 2002; Baldassarre
and Bolen 2006; NAWMP 2007). We initiated our review
because we observed habitat managers, conservation
planners, and waterfowl scientists making value judg-
ments of individual plant taxa (e.g., beneficial, important,
undesirable, preferred) eaten by waterfowl, but seldom
was empirical evidence presented to support such claims
(i.e., the food preference paradigm [e.g., Fredrickson and
Taylor 1982; Nassar et al. 1993; Lane and Jensen 1999;
Miller and Miller 2005; Strader and Stinson 2005; Nelms
2007; IWMM 2010]). Literature on food use by waterfowl
often refers to ‘‘preferred’’ foods of dabbling ducks
(Forsyth 1965; Allen 1980; Paulus 1982; Tietje and Teer
1996), although few studies have determined preference
as defined by Johnson (1980; see Barras et al. 1996).
Inclusion of plant taxa avoided or failure to include taxa
readily consumed by nonbreeding dabbling ducks could
bias carrying capacity models found in planning docu-

ments and may result in inadequate habitat conservation
or inefficient allocation of funding (Hagy 2010). We
conclude with recommendations aimed at improving
our understanding of feeding ecology of dabbling ducks
during autumn–winter and better equipping conservation
planners (e.g., Joint Ventures) responsible for determining
foraging habitat needs of nonbreeding dabbling ducks.

Methods

We conducted an extensive search of peer-reviewed,
published literature to obtain all available food-use studies
of autumn migrating and wintering dabbling ducks in
North America, 1900–2009. We used popular waterfowl
ecology texts (Bellrose 1980; Havera 1999; Baldassarre and
Bolen 2006), journal databases, The Birds of North America
series, and contacted colleagues to obtain all available
published autumn–winter food-use studies (Table 1). We
identified, reviewed, and quantified food-use studies by
species, habitat type, frequency of studies (1900–2009),
specimen collection methodology (i.e., hunter or experi-
mental), and diet analysis methodology (i.e., proventricu-
lus–esophagus or gizzard). We did not conduct meta-
analyses because there were not a sufficient number of
studies that had been conducted in similar habitats and
regions to test for differences between food use studies
pre- and postpublication of methodology biases (Swanson
and Bartonek 1970; Sheeley and Smith 1989).

We used information from literature sources to build a
matrix of study frequency by species and general habitat
type to describe available food-use literature and identify
research needs (Table 2; also see Supplemental Material,
Table S1; http://dx.doi.org/10.3996/102010-JFWM-038.S1).
We classified study habitats as ‘‘not identifiable’’ if we
could not interpret the habitat type where ducks were
collected or food types eaten by ducks from study site
descriptions or methodology (see Table S1; http://dx.doi.
org/10.3996/102010-JFWM-038.S1). For example, many
published articles prior to 1980 did not describe the
specific habitat where ducks were collected and often
combined all food items from multiple species of ducks
into a single table, resulting in unidentifiable habitat and
food types. We categorized the method of diet analysis as
crop (proventriculus–esophagus), gizzard, or both (crop
and gizzard) and method of duck collection as either
hunter or experimental (i.e., collection of actively foraging
birds; Sheeley and Smith 1989) used in each publication
and plotted frequency of each type of food-use study by
decade. We calculated simple descriptive statistics to
describe the change in study frequency over time and
quantified the proportion of studies according to
methodology. Lastly, when possible, we determined the
relative scale at which studies were conducted (e.g.,
wetland, wetland complex, or winter home-range scales).

We searched websites of state, federal, and nonprofit
natural resource agencies to identify and obtain man-
agement guides for autumn–winter waterfowl habitat to
compare valuation of plant taxa with empirical evidence
in autumn–winter food-use studies (Fredrickson and
Taylor 1982; Nassar et al. 1993; Smith et al. 1994; Lane
and Jensen 1999; Nelms 2001, 2007; Strader and Stinson
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2005). We deemed a ‘‘valuation’’ made if language
described a taxon’s value for waterfowl forage (e.g.,
good, desirable, excellent, exceptional, substantive,
important, none, little, fair), but not if guides used
language indicating only that waterfowl used taxa for
food (e.g., ‘‘readily consumed,’’ ‘‘often occurred in diets’’).
We identified plant taxa in food-use studies that used
unbiased methodologies to assess availability of empir-
ical evidence for food selection (sensu Johnson 1980) by
dabbling ducks during autumn–winter (Miller 1987;
McKnight and Hepp 1998; Anderson et al. 2000). We
calculated simple descriptive statistics to compare the
number of plant taxa with valuations as waterfowl forage
in management guides to taxa reported in food-use
studies with unbiased methodology.

Results

We obtained and reviewed 59 studies of dabbling-duck
food use and identified 6 studies that investigated food
selection (10% [Stoudt 1944; Miller 1987; Rollo and Bolen
1987; Tietje and Teer 1996; McKnight and Hepp 1998;
Anderson et al. 2000]), 8 studies that made reference to
food availability in the discussion (combined 24% [Dillon
1959; Conrad 1965; McGilvrey 1966; Landers et al. 1976;
Allen 1980; Paulus 1982; Swiderek et al. 1988; Ballard et al.
2004]), and no studies that investigated food use or
selection at scales likely used as home ranges by wintering
dabbling ducks. We identified three studies (5%) that tested
for food selection by experimentally collecting ducks, used
only crop contents in analyses, and concurrently measured
food availability (Miller 1987; McKnight and Hepp 1998;
Anderson et al. 2000). We also noted a reduction in the use
of gizzard samples from 1970 to 1990, following recom-
mendations of Swanson and Bartonek (1970). From 1980 to
1989, 33% of food-use studies contained gizzard samples,
whereas 9% did after 1990 (Figure 1).

We were not able to categorize habitat type for a large
portion of food-use studies (42%; Table 2). Although we
found many studies where ducks had consumed waste
grain, no studies presented food use of ducks specifically
collected from dry, harvested agricultural fields and only
one study reported collecting one species in flooded
agricultural fields (i.e., northern pintail Anas acuta; Miller
1987). Ducks collected in moist-soil wetlands included
mallard A. platyrhynchos, gadwall A. strepera, northern
pintail, cinnamon teal A. cyanoptera, blue-winged teal A.
discors, and American green-winged teal A. crecca, but
not American black ducks A. rubripes, American wigeon
A. americana, or northern shoveler A. clypeata. Within
emergent wetlands, food-use studies have been con-
ducted for all ducks except cinnamon teal. Food-use
studies of ducks collected in forested wetlands were
common for mallards but lacking for American black
duck, gadwall, American wigeon, northern shoveler, and
green-winged teal. The majority of food-use studies
within lacustrine habitats reported results only for
gadwall, but also included mallard and a single diet
study of northern shoveler foraging in manmade
livestock-watering ponds and river oxbows. The food
use of all dabbling duck species have been studied at

least once in saltwater habitats (i.e., coastal marshes, tidal
flats, and estuaries), but not throughout the extent of
their range in saltwater marshes.

We identified seven waterfowl-habitat management
guides apparently available and used to guide waterfowl
management activities. Guides described 177 different
plant taxa using value terminology (e.g., good, desirable,
excellent, exceptional, substantive, important, no, little,
fair). We found that 24 plant taxa were described as
selected or avoided in the three studies that appropriately
tested for selection and used unbiased collection meth-
odologies (Miller 1987; McKnight and Hepp 1998; Ander-
son et al. 2000). Twenty-one taxa of plant seeds and other
parts were selected during some time period in autumn–
winter, while three species were consistently avoided by
dabbling ducks. However, two taxa were avoided when
management guides indicated they were beneficial to
waterfowl and one taxon was avoided when management
guides indicated both positive and negative value. Thus,
waterfowl management guides identify and value 20 of
177 taxa present in guides (11%). Overall, 89% of plant taxa
judged by their quality as waterfowl foods in management
guides have not been investigated in food selection or
preference studies using unbiased methodologies.

Discussion

History and evolution of autumn–winter diet
studies

McAtee (1918) and Mabbott (1920) pioneered research
describing waterfowl food use, including mallard, Amer-
ican black duck, gadwall, American wigeon, northern
pintail, cinnamon teal, blue-winged teal, and American
green-winged teal diets. However, nearly 20 y lapsed
before Martin and Uhler (1939) published ‘‘Food of Game
Ducks in the United States and Canada’’ describing an
analysis of approximately 8,000 duck diets. Unfortunate-
ly, characteristic of many early food-use studies, this early
literature failed to report species-specific diets and food
availability where ducks were obtained. These publica-
tions remained the few sources of waterfowl diet
information until the 1950s, a lapse likely due to the
Great Depression and World War II (McAtee 1922; Bolen
2000). Frequency of autumn–winter food-use studies of
dabbling ducks increased in the 1950s, but subsequently
declined for the following two decades (Figure 1). This
decline coincided with increasing research of breeding
waterfowl, including initiation of the Waterfowl Breeding
Population Survey by the Fish and Wildlife Service in
1955 (predecessor to the U.S. Fish and Wildlife Service,
which was established in 1956; Baldassarre and Bolen
2006). Growing evidence in the 1960s and 1970s
suggested that conditions during the nonbreeding
season might limit waterfowl populations (Lack 1966;
White and James 1978; Fredrickson and Drobney 1979).
Renewed interest in ecology and management of
nonbreeding waterfowl resulted in a workshop held at
Gaylord Memorial Laboratory in Missouri and culminated
with a publication that outlined information needs for
wintering waterfowl (Anderson and Batt 1983; Weller
1988). Subsequently, the number of food-use studies
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Table 1. Sources used to develop the matrix of food-habits studies of North American dabbling ducks (Anas spp.) and diet
analysis technique(s)b of each studya. (Table continued on next page.)

Sourceb Author(s) Year Diet analysis techniquec

1 McAtee 1918 Both

2 Mabbott 1920 Both

3 McAtee 1922 Both

4 Martin and Uhler 1939 Both

5 Stoudt 1944 Both

6 Schoffman 1947 Both

7 Mendall 1949 Both

8 Yocom 1951 Gizzard

9 Wingard 1952 Gizzard

10 Dillon 1957 Both

11 Gates 1957 Gizzard

12 Anderson 1959 Gizzard

13 Chamberlain 1959 Gizzard

14 Dillon 1959 Both

15 Kimble and Ensminger 1959 Gizzard

16 Wright 1959 Crop

17 Yocom and Keller 1961 Gizzard

18 Glasgow and Bardwell 1962 Crop

19 Glasgow and Junca 1962 Crop

20 Hall 1962 Both

21 Junca et al. 1962 Crop

22 Quay and Critcher 1962 Gizzard

23 Hartman 1963 Gizzard

24 Conrad 1965 Gizzard

25 Forsyth 1965 Crop

26 McGilvrey 1966 Gizzard

27 Rollo and Bolen 1969 Both

28 McMahan 1970 Both

29 Kerwin and Webb 1971 Gizzard

30 Wills 1971 Both

31 Landers et al. 1976 Both

32 Prevost et al. 1978 Both

33 Sell 1979 Crop

34 Allen 1980 Both

35 Connelly and Chesemore 1980 Crop

36 Perry and Uhler 1981 Gizzard

37 Paulus 1982 Crop

38 Jorde et al. 1983 Crop

39 Tabatabai et al. 1983 Gizzard

40 Delnicki and Reinecke 1986 Crop

41 Euliss and Harris 1987 Crop

42 Miller 1987 Crop

43 Swiderek et al. 1988 Both

44 Sheeley and Smith 1989 Crop

45 Gruenhagen and Fredrickson 1990 Crop

46 Euliss et al. 1991 Crop

47 Thompson et al. 1992 Crop

48 Migoya and Baldassarre 1993 Crop

49 Combs and Fredrickson 1996 Crop

50 Tietje and Teer 1996 Crop
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increased during the 1980s (Weller and Batt 1988), but
then declined from the 1980s to present (Figure 1).

Several studies identified significant biases associated
with collection and processing methodologies during
the two ebbs in publication frequency (i.e., 1950s–1970s
and 1980s–2000s; [Swanson and Bartonek 1970; Swan-
son et al. 1974; Sheeley and Smith 1989]). By the 1970s,
scientists had advanced from the use of gizzard samples
toward nearly exclusive use of proventriculus and
esophageal samples (Swanson and Bartonek 1970).
Swanson and Bartonek (1970) also suggested a bias in
the analysis of hunter-collected waterfowl, but a change
from these diet samples toward experimental collections
did not occur until after the description of collection-
method bias described by Sheeley and Smith (1989).
Prior to Sheeley and Smith (1989), food-use studies often
presented biased food-use data resulting from inclusion
of gizzard samples and hunter- or nonexperimentally
collected ducks. After 1989, 83% of studies report data
from experimentally collected foraging ducks, thus
reducing biased information of autumn–winter dabbling

duck food use. However, the biased literature before
1990 coupled with the recent decline in food-use studies
could impact the ability of waterfowl managers to use
available literature to adequately guide science-based
management of food resources for waterfowl.

Present state of food-use literature
We identified only six studies that investigated food

selection (Bellrose and Anderson 1943; Johnson 1980), an
additional eight that discussed food availability com-
pared to food use, and none that investigated foraging
rates or food use of ducks at scales used by dabbling
ducks in autumn and winter. In some cases, we continue
to lack even baseline data on food use within managed
habitats (e.g., dry and flooded agricultural fields) even
though it is widely acknowledged that waterfowl feed
extensively within these habitats (Bellrose 1980; Baldas-
sarre and Bolen 1984; Ringelman 1990). The lack of
unbiased food-use data for northern pintail in the
Mississippi Alluvial Valley and American black ducks in
the eastern United States was surprising, because both

Table 2. Frequency of food-use studies of North American dabbling ducks Anas spp. by speciesa (n) and foraging habitat
type(s)b where ducks were sampled during autumn and winter, 1900–2009.

Species (n)

Habitat type

Dry
agriculture

Flooded
agriculture Moist soil Emergent Forested Lacustrine Salt

Not
identifiable

MALL (36) — — 3 6 3 1 5 20

ABDU (12) — — — 3 — — 4 7

GADW (15) — — 1 2 — 1 2 9

NOPI (29) — 1 5 4 — 1 9 11

AMWI (18) — — — 3 — — 3 12

NSHO (15) — — — 2 — 2 4 8

CITE (4) — — 1 — — — 1 2

BWTE (16) — — 3 3 — — 3 7

AGWT (22) — — 5 5 — — 6 9

a MALL (mallard: Anas platyrhynchos), ABDU (American black duck: A. rubripes), GADW (gadwall: A. strepera), NOPI (northern pintail: A. acuta), AMWI
(American wigeon: A. americana), NSHO (northern shoveler: A. clypeata), CITE (cinnamon teal: A. cyanoptera), AGWT (American green-winged teal:
A. crecca), BWTE (blue-winged teal: A. discors).

b Habitat types defined as: Dry agriculture = harvested agricultural grain field that is not flooded; Flooded agricultural = harvested or unharvested
agricultural grain field that is flooded either naturally or using manmade levees; Moist soil = seasonally flooded shallow manmade impoundments,
river mudflat margins, and playa wetlands; Emergent = permanently flooded shallow water with emergent aquatic vegetation present; Forested
= seasonally flooded bottomland hardwood forests and green-tree reservoirs; Lacustrine = permanently flooded open-water reservoirs,
agricultural ponds, industry ponds, and large lakes that may or may not contain emergent vegetation; Salt = saline to brackish wetlands, tidal flats,
and estuaries; Not identifiable = the habitat type could not be categorized from study site descriptions.

Table 1. Continued.

Sourceb Author(s) Year Diet analysis techniquec

51 McKnight and Hepp 1998 Crop

52 Anderson et al. 2000 Crop

53 Dabbert and Martin 2000 Crop

54 Miller et al. 2000 Crop

55 Ballard et al. 2004 Crop

56 Wersal et al. 2005 Gizzard

57 Miller et al. 2009 Crop

a Stollberg (1950) and Singleton (1951) could not be included in Table 2 because duck species were not identified.
b Source numbers used in Supplemental Material, Table S1 (http://dx.doi.org/10.3996/102010-JFWM-038.S1).
c ‘‘Both’’ includes food items from proventriculus, esophagus, and gizzard; ‘‘Crop’’ includes food items from proventriculus and esophagus.
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species have experienced long-term declines (Zimpfer et
al. 2009). American black ducks commonly use forested
wetlands and agricultural habitats (Bellrose 1980; Lewis
and Nelson 1988; Madge and Burn 1988; Morton et al.
1989; Snyder 1993); however, no studies report food use
or measure food selection in these habitats. Furthermore,
winter flooding of agricultural fields, primarily rice, has
been designated as a primary habitat provision strategy
in wintering regions, but only one study has assessed
northern pintail food use in rice fields (Loesch et al. 1994;
Wilson and Esslinger 2002; CVJV 2006). These examples
highlight our concern that habitat management and
enhancement has preceded basic assessment of dab-
bling duck food use and selection.

We caution scientists and managers against assessing
selection or preference of dabbling duck foods using
literature published prior to the 1990s, most of which
used hunter-collected ducks and gizzard samples to
describe food use of dabbling ducks during autumn and
winter. Our investigation of peer-reviewed literature
indicates that reliable, unbiased information describing
food selection and preference of dabbling ducks in
autumn–winter in North America is lacking (sensu
Johnson 1980; Sheeley and Smith 1989). Currently the
majority of information on dabbling duck food selection
and preference comes from the opinions of waterfowl
managers and other professionals (see Dugger et al.
2007; Fleming 2010: 29–33). Recently published food-use

studies (i.e., post–1990) have supplemented and re-
placed some biased information gathered in previous
decades, but our review suggests that these efforts have
failed to provide a sufficient baseline of waterfowl food
use, selection, or preference in many wintering and
migration habitats for most species of dabbling ducks.
Thus, waterfowl habitat mangers and conservation
planners are still required to use best judgments in
writing management plans and assessing food values for
waterfowl (Nassar et al. 1993; Lane and Jensen 1999;
Miller and Miller 2005; Strader and Stinson 2005; Nelms
2007).

The food preference paradigm
Valuations of plant taxa as foods for dabbling ducks

are common in waterfowl habitat management guides.
However, our review identified that 89% of plant taxa
prescribed values in management guides have not been
investigated in food selection or preference studies using
unbiased methodology. Furthermore, we believe that
other methods of justifying food values such as true
metabolizable energy and results of previous studies that
used biased methodologies do not supply sufficient
evidence alone to support current food valuations in
management guides and the waterfowl management
community (Checkett et al. 2002; Kaminski et al. 2003;
Dugger et al. 2007). Food selection may depend on many
factors (van Eerden and Munsterman 1997; Gurd 2006)

Figure 1. Frequency of food-use studies by decade and diet analysis methodology of North American dabbling ducks Anas spp.
during autumn and winter, 1900–2009.
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and should be evaluated using unbiased methodologies
at scales used by wintering dabbling ducks (Manly et al.
2002). Thus, we believe that clear evidence of the food
preference paradigm in waterfowl management litera-
ture exists.

Early management guides used available information
and expert opinion to classify plant taxa based on the
potential to provide habitat, energy, or nutritive require-
ments (e.g., Fredrickson and Taylor 1982). Previously,
unbiased diet studies were not available to provide
empirical evidence of food selection; thus, value
judgments of plant taxa were necessary. However, more
recent management guides continue to make similar
value judgments and only three food-use studies have
provided empirical evidence of food selection by
dabbling ducks. Given the decline in food-use study
frequency and the current paucity of unbiased food-use
and selection studies, habitat managers must continue
to use best judgment in managing waterfowl habitats in
winter. Researchers and conservation planners should
aim to reduce uncertainty regarding the value of
waterfowl foods by conducting food selection studies
in major foraging habitats used by dabbling ducks
throughout autumn and winter. We are not suggesting
that current management of food resources by managers
is incorrect, but rather that the current understanding of
food resource use and selection by ducks contains
significant information gaps and the use of the terms
valuing foods in planning documents lack empirical
support.

Dabbling ducks use a complex of habitats for feeding
and other activities during winter, but diet analyses
normally involved collection at a subsample of habitats
(Dwyer et al. 1979; Ringelman et al. 1982; Fredrickson
and Heitmeyer 1988; Fredrickson and Reid 1988;
Baldassarre and Bolen 2006; Pearse 2007). Thus, man-
agement strategies would benefit from unbiased re-
search on food availability and selection throughout the
autumn and winter home ranges of dabbling ducks.
Currently, there is insufficient information to characterize
winter home ranges of dabbling ducks for all species and
regions, and habitat selection depends on many factors
(Moon and Haukos 2006; Fleskes et al. 2007; Davis et al.
2009). Only recently have scientists begun to quantify
how waterfowl use multiple habitats within their winter
home range to meet energy and fitness demands during
winter (i.e., habitat complex). However, food habitat
studies have not yet been published that examine food
availability and waterfowl use in multiple habitats used
by wintering dabbling ducks as a winter habitat complex.
However, Pearse (2007) recently quantified composition
of habitats most often used by wintering dabbling ducks
in the Mississippi Alluvial Valley, which was an appropri-
ate first step in describing winter home ranges of
dabbling ducks. Future and ongoing habitat use and
selection studies combined with descriptions of compo-
sition of winter complexes should guide researchers in
selecting appropriate scales at which to sample foods
and determine selection. We suggest that coordinated
efforts by several researchers, facilitated through Joint
Ventures and Landscape Conservation Cooperatives (i.e.,

conservation partnerships created through the Depart-
ment of Interior; http://www.fws.gov/science/shc/lcc.
html), could adequately and concurrently collect these
data to benefit management strategies. Contemporary,
unbiased food-use studies conducted in winter habitat
complexes are essential for efficient allocation of funds
and management efforts to conserve waterfowl habitats
at a geographic scale used by wintering dabbling ducks.

Conservation planning documents often request
review and refinement of assumptions and management
approaches to strengthen the biological foundations
used to derive regional habitat goals (CVJV 2006;
NAWMP 2007: 66; ACJV 2009). However, without
extensive, unbiased food-use data, assumptions and
goals for nonbreeding waterfowl cannot be adequately
addressed (NAWMP 2007). For example, food is consid-
ered limiting in most wintering regions and flooding of
additional agricultural habitats has been targeted to
mitigate low levels of food (Loesch et al. 1994; CVJV
2006; NAWMP 2007). However, few studies document
food use in agricultural habitats and recent research
indicated that waste grains were not an abundant or
reliable source of food at southern latitudes (Stafford et
al. 2006; Foster et al. 2010; Miller et al. 2010). Further,
dabbling ducks often continue to forage in areas even
when ‘‘preferred’’ foods are depleted below thresholds
considered energetically profitable (van Gils et al. 2004;
Havens et al. 2009; Hagy 2010), but the current lack of
reliable information on food selection and preference
precludes a reliable explanation for this foraging
behavior. Furthermore, food selection may be depen-
dent on current physiological requirements of ducks and
future researchers should consider body condition of
dabbling ducks when characterizing food use and
selection (Fredrickson and Drobney 1979; Heitmeyer
2006; Fleskes et al. 2007; Morris and Mukherjee 2007).
Without concurrent food-use data, full interpretation of
food availability results are not possible and accurate
management recommendations and habitat goals are
difficult to develop.

Management Implications

We encourage researchers conducting food availability
and habitat suitability studies on nonbreeding dabbling
ducks to incorporate experimental collection of speci-
mens into methodology to address the current lack of
unbiased food-use and selection information. Further,
continued evaluation of dabbling duck food use and
selection are essential to understand how climate and
land-use change, genetic modification of crops, and
introduction and range expansions of nonnative species
affect foraging ecology of nonbreeding waterfowl (Ni-
chols et al. 1995; Krapu et al. 2004). We recommend a
multiscale approach, including 1) satellite- or radiotelem-
etry-monitored ducks to measure real-time habitat use
and better characterize migration and winter home
ranges, 2) determination of food use and selection by
experimental collection of foraging ducks along with
measurement of available food resources within specific
habitat types, 3) focal observations of ducks in foraging
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habitats to determine time spent foraging compared to
food composition and abundance, and 4) implementation
of stochastic spatial depletion models to better estimate
food availability and carrying capacity in a variety of
habitats and regions encountered during nonbreeding
periods (van Gils et al. 2004; Hagy 2010). Results of new
food-use studies could provide managers with the
necessary information to evaluate food selection assump-
tions and strengthen the biological foundations used to
develop landscape-scale management and strategic plans
(e.g., Joint Venture scale, Landscape Conservation Coop-
eratives). A multistage sampling approach will assist
researchers in determining the scale at which ducks select
foods and how selected foods compare with others on the
landscape (Manly et al. 2002: 7). We suggest that future
researchers collaborate through Joint Ventures and
Landscape Conservation Cooperatives to strategically
implement habitat selection and food selection studies
using contemporary methods to assess resource selection
(Manly et al. 2002; Long et al. 2009).

Supplemental Material

Please note: The Journal of Fish and Wildlife Manage-
ment is not responsible for the content or functionality of
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Table S1. Food-use studiesa of North American
dabbling ducks (Anas spp.) by speciesb (n), food type(s)
consumedc, and foraging habitat type(s)d where ducks
were sampled during autumn and winters, 1900–2009.

Found at DOI: http://dx.doi.org/10.3996/102010-
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