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Abstract: Primary foods of American black ducks (Anas rubripes) and mallards (A.
platyrhynchos) wintering at Tennessee National Wildlife Refuge were compared by
examining esophageal and proventricular contents of ducks collected during winter,
1990-91 and 1991-92. Seeds of natural plants comprised the primary component of
the diet of both species. Nodding smartweed {Polygonum lapathifolium), wild millet
(Echinochloa crusgalli), lovegrass (Eragrostis hypnoides), and rice cutgrass (Leersia
oryzoides) were the most common seeds consumed by both species. Water smartweed
(P. hydropiperoides) also was consumed abundantly by black ducks. Black duck sam-
ples contained more (P < 0.021) stem and leaf material than mallard samples during
both winters and less (P < 0.002) agricultural grain during 1991-92. No differences
were detected in food consumption between females and males of either species. Spe-
cies specific differences in food consumption were probably related to differences in
areas from which ducks were collected and perhaps reflected microhabitat differences
between species.
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American black duck populations have declined recently in North America
(Rusch et al. 1989). Hybridization and habitat competition with mallards have
been implicated as responsible for these declines (Johnsgard 1967, Ankney et al.
1987). Although most research efforts directed toward managing nonbreeding
black ducks and reversing these trends have been conducted in coastal habitats of
the Atlantic flyway (Jorde 1986, Conroy et al. 1989, Morton et al. 1989), 25% to
33% of the continental black duck population consistently winters in inland habi-
tats of the Mississippi flyway (Rusch et al. 1989).
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Information on food use by wintering ducks is necessary before effective
management programs can be implemented. Food use by nonbreeding mallards has
been documented for many locations and habitats (Jorde et al. 1983, Heitmeyer
1985, Delnicki and Reinecke 1986, Combs 1987, Gruenhagen and Fredrickson
1990), but similar studies of nonbreeding black ducks have been confined to
marine or estuarine environments in the Atlantic fiyway (Mendall 1949, Hartman
1963, Kerwin and Webb 1971). Our primary objective was to determine the major
foods of black ducks wintering in westcentral Tennessee. Specifically, we desired
to test the null hypothesis that black ducks and mallards consumed similar foods in
Tennessee and to make management and research recommendations consistent
with our results.

We thank the personnel of the Tennessee National Wildlife Refuge (TNWR),
who provided access, equipment, and assistance throughout the study; and F. J.
Bulow, E. J. Jones, R. M. Kaminski, T. H. Roberts, and 2 anonymous reviewers,
who provided valuable comments on the manuscript. Our study was funded by the
Tennessee Wildlife Resources Agency; Tennessee Technological University (TTU)
Center for the Management, Utilization, and Protection of Water Resources; TTU
Department of Biology; and the U.S. Fish and Wildlife Service, Region 4, Refuge
Division.

Methods

Our study was conducted on the 20,788-ha TNWR in westcentral Tennessee.
We chose TNWR because large numbers of black ducks winter there (10,000 to
60,000 birds, TNWR unpubl. data 1957-92), and no hunting occurs on the refuge.
TNWR is comprised of 3 disjunct units, all located on land adjacent to the Tennes-
see River. We collected ducks only on the Duck River Unit, which contains 8
moist-soil impoundments that support a variety of natural plants. Although corn
and milo are grown on TNWR for waterfowl, <2% of the area was planted in agri-
cultural foods during winters of our study because of management constraints
related to high water levels during previous summers (J. T. Taylor, TNWR man-
ager, pers. commun.).

Black ducks were collected by shooting on TNWR from November-February
1990-91 and 1991-92 (N = 39 and 23, respectively). When possible, mallards
(N = 24 for 1990-91 and 18 for 1991-92) also were collected to compare food use
between species. Ducks were collected primarily after observing individuals
feeding for at least 5 minutes, but some individuals were collected as they landed
in roost locations following feeding flights. An approximately equal number of
males and females of both species (21M, 18F for black duck and 14M, 10F for
mallards) were collected during 1990-91, but proportionately fewer females (15M,
8F for black duck and 13M, 5F for mallards) were collected during 1991-92 be-
cause of concerns for declining waterfowl populations and indications of no sexual
differences in foods consumed during the previous winter according to the data we
had already compiled.
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Contents of the esophagus and proventriculus were removed immediately
following collection and preserved in 70% ethanol to prevent postmortem diges-
tion (Swanson and Bartonek 1970). Plant foods were identified using Martin and
Barkley (1961) and Godfrey and Wooten (1979, 1981); animal foods were iden-
tified using Merritt and Cummins (1984) and Pennak (1978). Food samples were
sorted, and dry mass determined after drying samples for 48 hours at 50° C. Mass
was measured to the nearest 0.01 g. Foods with mass <0.1 g were listed as trace
items. Data were expressed by percent occurrence and aggregate percent dry mass
(Swanson and Bartonek 1970). Samples with <0.01 g or <5 food items were ex-
cluded from analysis.

Three-way analysis of variance (Neter and Wasserman 1974) was conducted
to test if differences existed in aggregate dry mass consumption of various food
groups by year, species, and sex. Food groups tested were animal foods, stems and
leaves, tubers and rhizomes, agricultural grain, and natural plant seeds. Signifi-
cance was deemed appropriate at an alpha level of 0.05. Non-normal percentage
data were arc sine transformed before all analyses (Neter and Wasserman 1974).

Results

Natural plant seeds comprised the primary food source of both black ducks and
mallards collected during our study (Table 1). Seeds of 14 different taxa of plants
were collected during 1990-91 and 24 taxa during 1991-92. Nodding smartweed,
wild millet, rice cutgrass, and lovegrass were the most abundant seeds in both black
duck and mallard samples (Table 1). Water smartweed was also a major food in
black duck samples (Table 1).

Although animal foods comprised only a small amount of the winter diet of
both species (Table 1), almost 57% of all birds collected contained at least trace
amounts of animal material. Sixteen different taxa of invertebrates were observed in
samples from 1990-91, and 13 invertebrate taxa were collected during 1991-92
(Table 1). No invertebrate taxa were consistently present in either black duck or
mallard samples (Table 1).

Black ducks and mallards consumed proportionally fewer (P < 0.002) seeds
during 1991-92 than during the previous winter. Black ducks consumed more (P <
0.021) stems and leaves than mallards during both winters and less (P < 0.002)
grain during 1991-92. Mallard consumption of grain was greater (P < 0.002) during
1991-92 than during the previous winter, but few black ducks were collected that
had fed on grain during either winter. The only significant interaction effect detected
in our analysis was between year and species for grain consumption (P < 0.001). No
other differences were detected in food consumption between black ducks and mal-
lards or between ducks collected during 1990-91 and those collected during
1991-92.

Females and males of both species consumed similar foods during both win-
ters of this study (Fig. 1). No sex-related differences were detected in consumption
of any of the 5 food groups. Consumption of animal material, for example, was
very similar (P > 0.781) between males and females for both species.
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Table 1. Percent occurrence (Occ) and aggregate percent dry mass (Mass) of foods
from black ducks and mallards collected on the Tennessee National Wildlife Refuge during
winter, 1990-91 and 1991-92.

Food

Plant seeds"
Polygonum lapathifolium
Polygonum hydropiperoides
Leersia oryzoides
Eragostis hypnoids
Cephalanthus occidentalis
Bidens sp.
Echinochloa crusqalli
Sorghum halepense
lva frutescens
Ludwigia sp.
Amaranthus sp.
Cyperus spp.
Liquidambar styraciflua
Quercus falcata

Total plant seeds0

Grain
Corn
Milo

Total grain

Total stems and leaves

Total tubers and rhizomes

Animald

Artrichopogon sp.
Lynbaeidae
Gryllidae
Chironomidae

Total animal0

1990-91

Black ducks
(JV=39)

Occ

84.6
64.1
51.3
7.7

33.3
20.5
10.3

2.6

92.3

10.3
2.6

25.6

48.7

25.6

25.6
18.0

43.6

Mass

40.8
17.9
4.3
4.1
1.9
1.3
0.5

0.4

72.0

4.6
0.2
5.2

13.1

3.9

1.5
0.8

5.8

Mallards
(Af=24)

Occ

62.5
37.5
41.6

4.2
20.8

8.3
12.5
33.3
4.2

100.0

33.3
33.3

12.5

12.5

8.3
12.5

62.5

Mass

40.6
5.5
1.9
0.1
0.2
0.1
8.7

29.3
0.8

87.3

3.4
3.4

3.3

1.4

0.6
1.6

4.6

1991-92

Black ducks
(Afe23)

Occ

43.5
52.2
56.5
43.5
4.3

60.9
73.9

21.7
17.4
47.8
26.1

4.3

91.3

4.3
4.3

91.3

30.4

17.4
4.3
4.3

69.6

Mass

4.4
10.6

1.6
6.9
tr»
3.5
8.1

2.1
9.7
4.0
1.0
tr

54.1

4.2
4.2

23.1

10.2

0.5
1.2
4.3
8.3

Mallards
(Af=

Occ

16.7
22.2
44.4
22.2

22.2
27.8

5.6

27.8
16.7
5.6
5.6

72.2

5.6
33.3
38.9

27.8

16.7

5.6
11.1 1

61.1

:18)

Mass

5.7
0.1
5.0
8.9

0.3
16.8

0.1

0.8
6.5
3.7
1.0

50.0

4.9
32.9
37.8

8.1

3.4

0.1
tr

0.6

"Excludes 3 taxa during 1990-91 and 9 taxa during 1991-92 each comprising <\% mass of both species.
btr=<0.1%.
c Totals include trace items and items <1% mass.
d Excludes 14 taxa during 1990-91 and 10 taxa during 1991-92 each comprising <\% mass of both species.

Discussion

Plant seeds comprised the primary component of the diet of black ducks and
mallards collected during this study. Although plant foods often predominate in the
diet of black ducks wintering in fresh and brackish habitats (Kerwin and Webb
1971), black ducks in maritime habitats consume primarily animal foods (Lewis
and Garrison 1984). In maritime habitats, wintering black ducks are usually re-
stricted to feeding on ice-free mudflats and tidal areas where mollusks are
abundant and plant foods scarce (Lewis and Garrison 1984). Waterfowl are oppor-
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Figure 1. Aggregate percent dry mass of seeds of various food groups consumed by
female and male black ducks and mallards collected on the Tennessee National Wildlife
Refuge during winter, 1990-91 and 1991-92. Numbers above bars represent sample sizes.

tunistic and often use the most abundant foods available (Fredrickson and Drobney
1979). Results from our study indicate that specific foods consumed by black
ducks vary among wintering locations, perhaps as influenced by food availability.

Plant foods provide energy needed for winter metabolism, thermoregulation,
and locomotion between habitats (Prince 1979), but they often are lacking in pro-
tein and minerals needed for body maintenance (Delnicki and Reinecke 1986).
Small quantities of invertebrates may have been consumed to fill these nutritional
deficiencies thus accounting for the high percent occurrence, but low aggregate
percent mass, of invertebrates in the diet of black ducks and mallards. Similar
patterns of invertebrate consumption have been reported in other studies (Jorde et
al. 1983, Delnicki and Reinecke 1986, Combs 1987).

Heitmeyer (1985) reported a relationship between consumption of animal ma-
terial and molt intensity of female mallards wintering in southeast Missouri,
presumably as related to protein requirements of molt (Heitmeyer 1988). Inverte-
brate consumption did not appear to be related to molt intensity of wintering male
mallards at the same location (Combs 1987), nor of migrating female mallards in
northwest Missouri (Gruenhagen and Fredrickson 1990). We did not determine
molt status of ducks collected in our study, but the low amount of invertebrate con-
sumption by female and male ducks of both species indicate that either significant
molt was not occurring or ducks were able to meet their protein requirements with
foods other than animal material.

Although foods consumed by black ducks and mallards wintering in west-
central Tennessee were similar, a few minor differences were detected in our study.
Black ducks consumed more stem and leaf material and some types of seeds than
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mallards, and mallard samples contained more grain than black duck samples.
These differences were partially influenced by differences in collecting locations.
For example, no black ducks were collected from agricultural fields during
1991-92 because we were restricted from collecting ducks from agricultural fields
during early winter and because few black ducks used agricultural fields during
late winter when mallard samples containing grain were collected. Few mallards
were collected from open water habitats, areas where black duck samples were
collected that contained leaf and stem material and water smartweed seeds.

Black ducks appeared to use open water habitats more extensively and agri-
cultural fields less extensively than mallards during our study, and differences in
foods consumed perhaps reflect differences in microhabitat selection between spe-
cies. However, our data should not be used to establish habitat management
strategies for wintering black ducks because habitat use data were not collected
concurrently. Additional studies are needed to determine if differences exist in
microhabitat selection and how such selection relates to food consumption by win-
tering black ducks and mallards.

Literature Cited

Ankney, C. D., D. G. Dennis, and R. C. Bailey. 1987. Increasing mallards, decreasing
American black ducks: coincidence or cause and effect? J. Wild. Manage. 51:523-529.

Combs, D. L. 1987. Ecology of male mallards during winter in the upper Mississippi Allu-
vial Valley. Ph.D. Diss., Univ. Mo., Columbia. 223pp.

Conroy, M. J., G. R. Costanzo, and D. B. Stotts. 1989. Winter survival of female American
black ducks on the Atlantic coast. J. Wildl. Manage. 53:99-109.

Delnicki, D. and K. J. Reinecke. 1986. Midwinter food use and body weights of mallards
and wood ducks in Mississippi. J. Wildl. Manage. 50:43-51.

Fredrickson, L. H. and R. D. Drobney. 1979. Habitat utilization by postbreeding waterfowl.
Pages 119-130 in T. A. Bookhout, ed. Waterfowl and wetlands: an integrated review.
Proc. 1977 Symp. North Cent. Sect. Wildl. Soc, Madison, Wis.

Godfrey, R. K. and J. W. Wooten. 1979. Aquatic and wetland plants of southeastern United
States: monocotyledons. Univ. Ga. Press, Athens. 712pp.

and . 1981. Aquatic and wetland plants of southeastern United States: dico-
tyledons. Univ. Ga. Press, Athens. 933pp.

Gruenhagen, N. M. and L. H. Fredrickson. 1990. Food use by migratory female mallards in
Northwest Missouri. J. Wildl. Manage. 54:622-626.

Hartman, F. E. 1963. Estuarine wintering habitat for black ducks. J. Wildl. Manage.
27:339-347.

Heitmeyer, M. E. 1985. Wintering strategies of female mallards in relation to dynamics of
lowland hardwood wetlands in the upper Mississippi delta. Ph.D. Diss., Univ. Mo.,
Columbia. 376pp.

. 1988. Protein costs of the prebasic molt of female mallards. Condor 90:263-266.
Johnsgard, P. A. 1967. Sympatry changes and hybridization incidence in mallards and black

ducks. Am. Midi. Nat. 77:51-63.
Jorde, D. G. 1986. Nutritional and thermodynamic aspects of the ecology of black ducks

wintering in Maine. Ph.D. Diss., Univ. Maine, Orono. 114pp.

1993 Proc. Annu. Conf. SEAFWA



Black Duck and Mallard Foods 129

, G. L. Krapu, and R. D. Crawford. 1983. Feeding ecology of mallards wintering in
Nebraska. J. Wildl. Manage. 47:1044-1053.

Kerwin, J. A. and L. G. Webb. 1971. Foods of ducks wintering in coastal South Carolina,
1955-1967. Proc. Annu. Conf. Southeast. Assoc. Game and Fish Comra. 25:223-245.

Lewis, J. C. and R. L. Garrison. 1984. Habitat suitability index models: American black
duck (wintering). U.S. Dep. Int. Fish Wildl. Serv. FWS/OBS - 82/10.68. 16pp.

Martin, A. C. and W. D. Barkley. 1961. Seed identification manual. Univ. Calif. Press,
Berkeley. 221pp.

Mendall, H. L. 1949. Food habits in relation to black duck management in Maine. J. Wildl.
Manage. 13:64-101.

Merritt, R. W. and K. W. Cummins. 1984. An introduction to the aquatic insects of North
America. Kendall/Hunt Publishing Co., Dubuque, Iowa. 722pp.

Morton, J. M., R. L. Kirkpatrick, M. R. Vaughn, and D. F. Stauffer. 1989. Habitat use and
movements of American black ducks in winter. J. Wildl. Manage. 53:390-400.

Neter, J. and W. Wasserman. 1974. Applied linear statistical models. Richard D. Irwin, Inc.,
Homewood, 111. 842pp.

Pennak, R. W. 1978. Freshwater invertebrates of the United States. 2nd ed. John Wiley and
Sons, New York, N.Y. 803pp.

Prince, H. H. 1979. Bioenergetics of post-breeding dabbling ducks. Pages 103-117 in T. A.
Bookhout, ed. Waterfowl and wetlands: an integrated review. Proc. 1977 Symp. North
Cent. Sect. Wildl. Soc, Madison, Wis.

Rusch, D. H., C. D. Ankney, H. Boyd, J. R. Longcore, F. Montalbano III, J. K. Ringleman,
and V. D. Stotts. 1989. Population ecology and harvest of the American black duck: a
review. Wildl. Soc. Bui. 17:379-406.

Swanson, G. A. and J. C. Bartonek. 1970. Bias associated with food analysis in gizzards of
blue-winged teal. J. Wildl. Manage. 34:739-746.

1993 Proc. Annu. Conf. SEAFWA


