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4. CORN 
 
In North America, corn (Zea mays) is undoubtedly among those row crops of most value to 
waterbirds.  Most corn production in the U.S. occurs in the “Corn Belt” (Figure 4-1), where six 
states (Iowa, Illinois, Nebraska, Minnesota, Indiana, and Ohio) account for approximately 80% 
of the national production (Acquaah 2005).  Although this region coincides with the wintering 
ranges, migratory pathways, and breeding grounds of a number of waterbird species, corn fields 
are used primarily by geese and blackbirds during nonbreeding periods.  Terrestrial invertebrates 
available in corn fields may be an important resource for some shorebirds and landbirds, but corn 
kernels are by far the primary resource sought after by most waterbirds.  High in caloric value, 
waste or ripening corn accounts for the majority of the diets of geese, cranes, and blackbirds that 
forage in corn fields throughout North America.  A number of researchers contend that in regions 
where wetland habitat has been lost and natural food resources compromised, availability of 
waste corn has become increasingly important to the survival and reproductive condition of 
waterfowl and cranes (McLandress and Raveling 1981, Baldassarre and Bolen 1984, Krapu et al. 
1995, Krapu et al. 2004).  Krapu et al. (1995) even suggest that present-day geese arrive on 
Arctic breeding grounds in better physiological condition (greater and less variable fat reserves) 
than did geese prior to modern corn agriculture.  This chapter summarizes the state of current 
knowledge regarding the occurrence and abundance of waterbird species in corn fields, 
important corn resources for waterbirds, how waterbirds use corn fields, and the impacts of corn 
production practices, other management activities, and landscape features of corn fields on 
waterbirds.   
 
USE BY WATERBIRDS 
Documented use of cornfield habitats by waterbirds comes both from Europe and North 
America.  In North America, the primary regions where corn is grown (Krapu et al. 2004), and 
for which there is documentation of cornfield use by waterbirds, include the seven WWL focal 
BCRs (in bold throughout text) - Prairie Potholes (BCR 11), Prairie Hardwood Transition 
(BCR 23), Eastern Tallgrass Prairie (BCR 22), Central Mixed-Grass Prairie (BCR 19), 
Shortgrass Prairie (BCR 18), Central Hardwoods (BCR 24), and Mississippi Alluvial Valley 
(BCR 26) - as well as areas of southeastern Canada (southern Ontario and Quebec, Canada: BCR 
12, BCR 13), the eastern U.S. (BCRs 27-30), the southeastern U.S. (BCR 27, 31), southwestern 
British Columbia (BCR 5), the Gulf of Mexico Coast (BCR 37), southwestern North America 
(southwestern U.S. and northern Mexico: BCR 33, BCR 34, BCR 35, BCR 36), and the western 
U.S. (Great Basin BCR 9; California BCR 32).  
 
In North America, corn fields are used by a moderately diverse group of birds, primarily 
waterfowl, but also cranes, shorebirds, and some WWL landbirds (mostly blackbirds).  One 
study in southern Quebec documented 90 bird species in cornfield habitats during migration and 
breeding, of which 23 were WWL species (Kirk et al. 2001).  In documenting use of corn fields 
by waterbirds, we considered cornfield habitats to include field interiors as well as edge habitats 
(hedgerows, buffer strips, terraces; Boutin et al. 1999a, b), but species that exclusively use 
cornfield edges are not included here.  Most species use cornfield habitats for foraging during 
nonbreeding periods, and few species use cornfield habitats for nesting.  Overall, 45 species of 
waterbirds (all WWL species except Cackling Goose, which was split from Canada Goose after 
the project began; G. Butcher, pers. comm.) have been observed using cornfield habitats in North 
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America.  Of these, 11 are considered to be “Conservation Priority Species” by the National 
Audubon Society - listed under the Endangered Species Act, on the Audubon WatchList, 
USFWS Birds of Conservation Concern, and/or exhibiting significant population declines 
according to Christmas Bird Count or Breeding Bird Survey data.  Table 4-1 summarizes the 
occurrence of species in corn for all of North America, and within focal BCRs for the WWL 
project.  BCR regional species lists - species considered relatively abundant in each BCR (see 
Introduction) - are also shown. 
 
Waterfowl 
Corn is an important food source for wintering geese in Europe (Farago 1994).  In North 
America, various waterfowl species including geese, swans, and dabbling ducks have been 
commonly observed in corn fields, primarily during nonbreeding periods.  Available literature 
indicates that at least 14 species of waterfowl (2 whistling-ducks, 1 swan, 5 geese, 6 dabbling 
ducks) use corn fields in winter, spring or fall migrations (Table 4-1), and sometimes in large 
numbers.  Two of these species – American Black Duck and Northern Pintail – are Conservation 
Priority Species.  Waterfowl have been documented in corn fields at northern latitudes of North 
America primarily during migration and during the breeding season, at mid latitudes during both 
migratory periods and winter, and at southern latitudes during winter months only.  Most of the 
information pertaining to use of corn fields by waterfowl concerns diet and foraging ecology, 
and few researchers have presented data on species’ abundance and density in corn fields.  From 
the few studies that have documented abundances, however, it appears that all waterfowl species, 
especially geese, can reach abundances of hundreds to thousands of birds in individual fields 
(Winner 1959, Nagel 1965, Harvey et al. 1988, Petrie et al. 2002). 
  
In southeastern Canada (BCR 13), five species (Tundra Swan, Canada Goose, Snow Goose, 
American Black Duck, Mallard) have been observed foraging in corn fields during either spring 
or fall migrations (Reed et al. 1977, Giroux and Bergeron 1996, Kirk et al. 2001, Petrie et al. 
2002, Bechet et al. 2004).  In the Prairie Potholes region (BCR 11), Snow Geese, Canada 
Geese, and Mallards forage in corn fields during spring migration (Gregoire and Ankney 1990, 
Alisauskas and Ankney 1992, Linz et al. 2002), and corn becomes especially important in the 
diet of spring-migrating Snow Geese as birds move northward (Alisauskas and Ankney 1992).  
In Wisconsin (Prairie Hardwood Transition; BCR 23), spring migrant Tundra Swans have 
been observed foraging in corn fields (Thompson and Lyons 1964), and Craven and Hunt (1984) 
and Gates et al. (2001) found that corn was the crop most commonly ingested by Canada Geese 
during fall and spring migrations through the state.   
 
In the Eastern Tallgrass Prairie region (BCR 22), Snow Geese rely heavily on corn habitat in 
Iowa, Missouri, Nebraska and Kansas during winter and spring/fall migrations (Frederick and 
Klaas 1982, Alisauskas 1988, Davis et al. 1989, Gregoire and Ankney 1990, Alisauskas 1998), 
and Canada Geese commonly forage in Illinois corn fields during fall (Jarvis 1976, Havera 1998) 
and in Missouri corn fields in winter (Kahl and Samson 1984, Eggeman et al. 1989).  In Ohio, 
fall migrating and wintering American Black Ducks and Mallards (flocks of 100s-1000s) 
commonly travel to corn fields from nearby water bodies to forage on corn (Winner 1959), and 
fall migrant Mallards use corn fields in Illinois (Anderson 1959, Bellrose et al. 1979).  Fall 
migrant American Wigeon have been observed in corn fields of Illinois (Havera 1998).  In the 
Central Hardwoods region (BCR 24), Canada Geese commonly forage in corn fields of 
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southern Illinois in fall and winter (Goodman and Fisher 1962, Raveling et al. 1972, Paine and 
Tacha 1987, Gates et al. 2001).  In Nebraska (Central Mixed-Grass Prairie; BCR 19), 
wintering Mallards frequent corn stubble fields (Jorde et al. 1984), and corn is an important 
component of the diet of spring migrating Greater White-fronted Geese (Krapu et al. 1995).  In 
Texas (Shortgrass Prairie; BCR 18), migrating and wintering Mallard, Northern Pintail, Green-
winged Teal, Blue-winged Teal, and American Wigeon make daily foraging flights from 
permanent playas to nearby corn fields (Sell 1979, Moore 1980, Baldassarre and Bolen 1984, 
Sheeley and Smith 1989).  In Arkansas (Mississippi Alluvial Valley; BCR 26), Mallards have 
been observed foraging in corn fields during winter (Wright 1959). 
 
In the eastern U.S. (BCRs 27, 28, 30), several waterfowl species (Tundra Swan, Canada Goose, 
Snow Goose, American Black Duck) commonly use corn fields in winter (Schwalbe and 
Schwalbe 1974, Munro 1981, Bortner 1985, Harvey et al. 1988, Malecki et al. 1988, Earnst 
1992, Hill and Frederick 1997), with Canada Goose flocks observed in the 100s-1000s (Harvey 
et al. 1988).  Farther south in the southeastern U.S. (BCR 27), American Black Ducks forage in 
Tennessee corn fields during fall and winter (Byrd 1991).  In northwestern British Columbia 
(BCR 5), Mallard and American Wigeon have been observed foraging in corn fields of coastal 
agricultural land during fall migration and through winter (Hirst and Easthope 1981, Baldwin 
and Lovvorn 1994a, Baldwin and Lovvorn 1994b, Lovvorn and Baldwin 1996).  In southwestern 
North America, wintering Black-bellied and Fulvous Whistling-Ducks are common in corn fields 
in northwestern Mexico (BCRs 33 and 34) (Lawrence 1874, Kramer and Euliss 1986), and 
wintering Snow, Ross’s, and Greater White-fronted Geese are abundant in corn fields in New 
Mexico (BCR 35) and throughout northern Mexico (BCRs 33, 34, 35, 36) (Taylor and Kirby 
1990, Leyva-Espinosa 1993, Ely and Dzubin 1994, Kitchell et al. 1999, Drewien et al. 2003).  In 
the western U.S., Tundra Swans have been observed feeding in corn fields in Utah (BCR 9) 
during severely cold spring weather (as many as 500-600 in a single field; Nagel 1965), and 
Tundra Swans (Tate and Tate 1966, Paullin 1996), Greater White-fronted Geese (Ely and Dzubin 
1994), “Aleutian” Cackling Geese (Stabins et al. 2002), and Northern Pintail (Miller 1985) are 
among the common waterfowl feeding in California (BCR 32) corn fields during fall and/or 
winter. 
 
Six waterfowl species have been documented using corn fields and associated habitats (field 
edges) during the breeding season (Table 4-1).  Researchers have not confirmed nesting by any 
of these species in corn fields, but the species’ presence suggests that they at least use corn fields 
for feeding, if not for nesting.  In cornfield interiors and edges in southern Ontario (BCR 13), 
Canada Geese are commonly observed in low numbers (at least tens, probably larger numbers), 
and American Black Duck, Mallard and Blue-winged Teal are present but uncommon during the 
breeding season (Boutin et al. 1999a, Kirk et al. 2001).  In North Dakota, (Prairie Potholes; 
BCR 11), female Mallards and Northern Pintails have been observed consuming limited amounts 
of corn (among other plant seeds) during the post-laying period (Krapu 1974, Swanson et al. 
1985).  In southern Texas along the Gulf Coast (BCR 37), Black-bellied Whistling-Ducks have 
been known to consume minimal amounts of corn during the breeding period (Bolen and Forsyth 
1967). 
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Shorebirds 
Shorebirds have been documented wintering in corn fields in Europe, and at northern and mid 
latitudes of North America primarily during migrations and the breeding season.  In France, 
wintering Eurasian Woodcock (Scolopax rusticola) have been observed foraging nocturnally in 
corn stubble, feeding mainly on earthworms (Duriez et al. 2005).  Ten shorebird species have 
been documented using North American corn fields during winter/migration, and three during 
the breeding season (Table 4-1).  Six of these shorebirds (American Golden-Plover, Mountain 
Plover, Lesser Yellowlegs, Buff-breasted Sandpiper, Upland Sandpiper, and American 
Woodcock) are considered Conservation Priority Species by the WWL project.  Many of the 
species that occur in corn fields are typically associated with terrestrial habitats, especially the 
plovers, Upland Sandpiper, and American Woodcock.   
 
Shorebirds are somewhat occasional visitors to corn fields in various locations during migration 
and winter.  In southern Ontario (BCR 13), Black-bellied Plover, Killdeer, Lesser Yellowlegs 
(rare), Spotted Sandpiper (rare), Pectoral Sandpiper (rare), Upland Sandpiper (rare), and 
American Woodcock have been observed foraging in corn fields and edge habitats during fall 
migration, with Killdeer the most abundant species (Boutin et al. 1999a, Kirk et al. 2001).  In the 
Prairie Potholes region (BCR 11), Killdeer and Wilson’s Snipe have been observed foraging in 
corn fields of South Dakota in March and April (Linz et al. 2001).  In the Eastern Tallgrass 
Prairie region (BCR 22), American Golden-Plover flocks in the hundreds frequent corn stubble 
fields in spring (April) migration in northern Indiana (Braile 1999), and spring migrant Buff-
breasted Sandpipers commonly forage in wet corn stubble fields in the Rainwater Basin of 
Nebraska (J.G. Jorgenson, unpubl. data).  In southern Indiana (Central Hardwoods; BCR 24), 
incidental winter use of harvested corn fields by foraging Killdeer is fairly common (Castrale 
and Speer 1984a, 1984b, 1984c, 1984d, 1984e, Castrale 1985).  In the eastern U.S., radio-marked 
wintering American Woodcock have been observed foraging at night in corn fields in coastal 
Georgia and Virginia (BCRs 27 and 30, respectively) (Krementz et al. 1995).  Near Guadalajara, 
Mexico, migrant Upland Sandpipers have been observed foraging in corn fields in agricultural 
areas (Houston and Bowen 2001).   
 
A few shorebird species also occur in corn habitats in low numbers during the breeding season.  
Killdeer are certainly most common, and appear to forage and/or nest in corn fields in most 
places where their range and that of corn co-occur.  In southeastern Canada (BCR 13), Killdeer 
have been documented foraging in corn fields and sometimes cornfield edges during the 
breeding season (Jobin et al. 1998, Boutin et al. 1999a, Boutin et al. 1999b, Kirk et al. 2001), and 
they have been observed exhibiting territorial behaviors and thus are presumably a cornfield 
nesting species in this region (Boutin et al. 1999b).  In the Prairie Hardwood Transition region 
(BCR 23), Renfrew and Ribic (2001) confirmed nesting by Killdeer in field interiors.  In the 
Eastern Tallgrass Prairie region (BCR 22), Killdeer are commonly observed foraging and 
nesting in corn fields of Iowa and Ohio (Dambach and Good 1940, Good and Dambach 1943, 
Guth 1969, Gremaud 1983, Basore et al. 1986, Best 1986, Best 2001, Hultquist and Best 2001).  
In Indiana (Central Hardwoods; BCR 24), Killdeer commonly occur in tilled corn fields 
(Castrale 1985).  In the Central Mixed-Grass Prairie region (BCR 19), Killdeer forage and 
potentially nest in newly planted corn fields (Ducey and Miller 1980, Beecher et al. 2002), with 
documented mean densities of up to 21 ± 10 (SE) birds/km2 (Beecher et al. 2002).  Finally, in the 
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Shortgrass Prairie region (BCR 18), Killdeer have been observed foraging and resting in newly 
planted corn fields (Sterner et al. 2003).  
 
In the Central Mixed-Grass Prairie region (BCR 19), Upland Sandpipers forage and 
potentially nest in corn fields before corn crop emergence (Ducey and Miller 1980, Beecher et al. 
2002), with documented mean densities of up 11 ± 7 (SE) birds/km2 (Beecher et al. 2002).  In the 
Shortgrass Prairie region (BCR 18), Mountain Plover have been observed foraging and resting 
in newly planted corn fields during the breeding season in Colorado (Sterner et al. 2003), and 
two out of 52 Mountain Plover nests found in Colorado, Kansas and Oklahoma were found in 
sprouting corn (Shackford et al. 1999).   
 
Wading Birds 
Only three wading bird (Ciconiiformes) species have been documented using corn fields in 
North America.  Great Blue Heron and Black-crowned Night-Heron have been observed in low 
numbers in corn fields and cornfield edges during fall migration in southern Ontario (BCR 13) 
(Boutin et al. 1999a, Kirk et al. 2001), and wintering White-faced Ibis occasionally forage in 
corn fields in Nevada (BCR 9) (Bray 1986, Bray and Klebenow 1988).  There are no 
documented cases of wading birds using corn fields as foraging or nesting habitat during the 
breeding season. 
 
Other Waterbirds 
Among other waterbirds (orders Pelecaniformes, Gaviiformes, Podicipediformes, Gruiformes, 
and Charadriiformes), cranes, rails, and gulls are the only groups with a documented association 
with corn habitats.  Corn fields appear to be of most value to nonbreeding cranes.  In Europe, 
large numbers of Common Cranes commonly forage in corn fields in winter and during 
migration (Guzman et al. 1999, Vegvari 2002).  In North America, corn is an important resource 
for both Sandhill and Whooping Cranes (both Conservation Priority Species).  Sandhill Cranes 
commonly forage in corn fields in spring, summer and especially after the fall harvest in 
southern Wisconsin and Michigan (Prairie Hardwood Transition; BCR 23) (Hoffman 1976, 
Melvin 1978, Walkinshaw 1985).  In Nebraska (Central Mixed-Grass Prairie; BCR 19), corn 
fields appear to be extremely valuable habitat to thousands of spring migrating Sandhill Cranes 
(Walkinshaw 1956, Lewis 1979, USFWS 1981, Iverson et al. 1982, Krapu et al. 1984, Krapu et 
al. 1985, Reinecke et al. 1989, Folk and Tacha 1991, Davis 2003).  Davis (2003) estimated that 
42-55% of between 120,000–280,000 cranes (range of yearly peak numbers) annually forage on 
waste corn in the region.  In the Eastern Tallgrass Prairie region (BCR 22), 100s to 1000s of 
Sandhill Cranes have been observed during spring and fall migrations foraging in individual corn 
fields in Indiana, and observations suggest birds select habitat in greater proportion than its 
availability in both seasons (Lovvorn and Kirkpatrick 1982a, 1982b).  In the southeastern U.S., 
Sandhill Cranes forage in corn fields in southeastern Mississippi (BCR 27) in fall and winter 
(Valentine 1981) and in Florida (BCR 31) during winter and spring (Wenner and Nesbitt 1987, 
Nesbitt and Williams 1990).  In southwestern and western North America, wintering Sandhill 
Cranes are commonly observed in corn stubble in Arizona (BCR 34) (Perkins and Brown 1981), 
New Mexico (BCR 35) (Walker and Schemnitz 1987), and California (C. Elphick, pers. obs.).  
Finally, the federally endangered Whooping Crane has been documented foraging in New 
Mexico corn fields during fall, winter, and spring (Lewis 1995). 
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In Iowa (Prairie Potholes, BCR 11 and Eastern Tallgrass Prairie, BCR 22), Virginia Rail have 
been observed with broods in corn field habitat during the post-breeding period (Johnson and 
Dinsmore 1985).  Ring-billed Gulls have been observed in corn fields in southern Ontario (BCR 
13) during fall migration and summer, although in low numbers (Jobin et al. 1998, Kirk et al. 
2001), and several species of gulls will roost and feed in corn fields elsewhere (C. Elphick, pers. 
obs.).   
 
Landbirds 
Many landbird species have been documented using corn fields and their associated habitats in 
North America.  Raptors, Mourning Dove, swallows, corvids, certain wrens, American Robin, 
certain warblers, sparrows, icterids, finches, and introduced European Starlings and House 
Sparrows account for most of the documented landbirds reported in corn fields.  Except for 
swallows which typically forage aerially on insects over the corn crop (Boutin et al. 1999a), most 
of these landbirds forage on the ground or on resources found on corn stalks.  A total of 13 
WWL landbird species have been documented in corn fields, primarily at northern latitudes of 
North America (Table 4-1).  All species have been documented using corn fields during the 
nonbreeding season, and nine species during the breeding season.  Of these, only Rusty 
Blackbird is on the WWL conservation priority list.  In southern Ontario (BCR 13), four WWL 
landbird species (Purple Martin, Bank Swallow, Swamp Sparrow, Red-winged Blackbird) 
regularly forage in corn fields and cornfield edges during fall migration, with Red-winged 
Blackbirds often occurring in flocks of several thousand birds (Tyler and Kannenberg 1980, 
Gartshore et al. 1982, McNicol et al. 1982, Boutin et al. 1999a, Boutin et al. 1999b, Kirk et al. 
2001).  An additional seven species have been documented during fall in low numbers in 
southern Ontario corn fields (Tree Swallow, Northern Rough-winged Swallow, Palm Warbler, 
Northern Waterthrush, Common Yellowthroat, Lincoln’s Sparrow, Rusty Blackbird) (Boutin et 
al. 1999a, Boutin et al. 1999b, Kirk et al. 2001).  In the Central Hardwoods region (BCR 24), 
corn was prevalent in the stomach contents of wintering Red-winged Blackbirds, and minimally 
present in the diet of Rusty Blackbirds (Robertson et al. 1978).  In the eastern U.S., fall migrant 
Red-winged Blackbirds forage in corn fields in New York (BCR 28), and wintering Swamp 
Sparrows have been reported in corn fields in Maryland (BCR 29) (Woodward 1979).  In the 
southeastern U.S. (BCR 27), Red-winged Blackbirds forage heavily in Tennessee corn fields in 
fall and winter (Dolbeer et al. 1978), Boat-tailed Grackle commonly consume corn during fall 
and winter in Florida (Haag et al. 1987), and wintering Swamp Sparrows have been observed 
foraging in corn fields and field borders in North Carolina (Marcus et al. 2000).   
 
Many WWL landbird species use cornfield habitats during the breeding season, but like 
shorebirds, they tend to occur in low numbers.  In southeastern Canada (BCR 12, BCR 13), four 
WWL landbird species (Tree Swallow, Bank Swallow, Common Yellowthroat, Red-winged 
Blackbird) regularly occur in corn fields and are associated with edge habitats during the 
breeding/post-breeding season.  Cornfield nesting by Red-winged Blackbirds also has been 
commonly observed (Bird and Smith 1964, Hintz and Dyer 1970, Jobin et al. 1998, Boutin et al. 
1999a, Boutin et al. 1999b, Kirk et al. 2001).  An additional three WWL species (Purple Martin, 
Northern Rough-winged Swallow, Swamp Sparrow) have been observed more rarely in corn 
fields and edge habitats of this region during the breeding season (Boutin et al. 1999a, Kirk et al. 
2001).  In the Dakotas and Manitoba (Prairie Potholes; BCR 11), Red-winged and Yellow-
headed Blackbirds frequent corn fields from spring through fall (Bird and Smith 1964, DeGrazio 
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et al. 1971, Mott et al. 1972, Linz et al. 1984, Bruggers et al. 1986, Twedt and Crawford 1995).  
Throughout the Eastern Tallgrass Prairie region (BCR 22), Common Yellowthroats and Red-
winged Blackbirds are common species observed both foraging and nesting in corn fields and 
edge terraces in Kansas, Iowa, Indiana, and Ohio (Dambach and Leedy 1948, Stickley et al. 
1972, Zimmerman and Tatschl 1975, Stehn and deBecker 1982, Gremaud 1983, Basore et al. 
1986, Bernhardt et al. 1987, Best 2001, Blackwell and Dolbeer 2001, Hultquist and Best 2001), 
and Purple Martins have been documented foraging over corn fields in Illinois (Graber et al. 
1972).  In the eastern U.S., Red-winged Blackbirds commonly forage in corn fields during 
spring, summer, and post-breeding periods in New York (BCR 28) and Virginia (BCR 29) 
(Ingram et al. 1973, Stone et al. 1984, Dolbeer et al. 1995), and Rusty Blackbirds have been 
observed foraging on ripening corn in Massachusetts (BCR 30) during the post-breeding period 
(Brewster 1906).  In the Central Mixed-Grass Prairie region (BCR 19), Beecher et al. (2002) 
observed Red-winged Blackbirds and Northern Rough-winged Swallows in Nebraska corn fields 
at mean densities of up to 41 ± 10 (SE) birds/km2 (blackbirds) and 21 ± 10 birds/km2 (swallows).   
 
RESOURCES 
Corn fields provide valuable foraging resources for some waterbirds, primarily granivorous and 
grazing species during nonbreeding periods.  Corn fields are also used for nesting by a few 
waterbird species.  Here we review what is known about the abundance, availability, 
consumption and use of these resources by waterbirds in North America.   
 
Foraging Resources 
Corn fields provide foraging resources to many waterbirds, primarily during the nonbreeding 
season, but also to some species during the breeding season.  The resources available to foraging 
waterbirds include corn kernels (either as waste corn or from live corn ears), sprouting 
vegetation from corn seeds, and terrestrial invertebrate prey (including corn crop pests). 
 
Corn Kernels 
Corn kernels appear to be an important food resource for many waterbirds, primarily for 
waterfowl during nonbreeding seasons.  Waterbirds acquire corn either from the live ears of 
standing stalks or more commonly from the ground where loose kernels and ears are left in fields 
after harvest (waste corn).  Although there are some accounts of geese foraging in standing corn 
(Reed et al. 1977, Harvey et al. 1988, Hill and Frederick 1997), most researchers by far have 
observed waterbirds foraging on waste corn in stubble fields after harvest.  New waste corn 
becomes available to foraging waterbirds after the fall harvest and is potentially available until 
the following summer’s growing season.  Over this period, abundance diminishes due to decay, 
sprouting, wildlife consumption, field plowing and growth of stalks precluding access to the soil 
(Best 2001).  
 
In North America, estimates for the average amount of waste corn left after harvest typically 
range from 203 ± 40 (SE) to 447 ± 28 kg/ha (Dolbeer et al. 1978, Frederick and Klaas 1982, 
Baldassarre et al. 1983, Baldassarre and Bolen 1984, Frederick et al. 1984, Warner et al. 1985, 
Krapu et al. 1995).  In Spain, Guzman et al. (1999) estimated similar (494 ± 89 kg/ha) amounts 
of waste corn in stubble fields.  The initial amount of waste corn left in fields can be affected 
greatly by corn kernel moisture at harvest.  Baldassarre et al. (1983) documented that the amount 
of waste corn in fields harvested at 14-21% moisture was at least twice that in fields harvested at 
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moisture levels greater than 22%.  Additional post-harvest farming practices, such as cattle 
grazing, hand salvage of waste corn, disking, and plowing, may further reduce either the 
abundance of waste corn, or its availability to birds (Baldassarre et al. 1983).  For fields that are 
disked and/or plowed after harvest in the fall, waste corn available on field surfaces may be 
reduced by as much as 77-97% (Frederick and Klaas 1982, Baldassarre et al. 1983, Baldassarre 
and Bolen 1984, Warner et al. 1984, Giroux and Bergeron 1996).  Moreover, a current trend 
towards increased harvester efficiency (primarily from improved combine headers) also threatens 
to diminish waste corn resources, especially from waste corn ears (Krapu et al. 2004).  Influences 
of these reductions in waste corn availability and abundance on waterbirds are further discussed 
under Effect of Corn Production Methods.  
 
Researchers have documented waterbirds foraging on waste corn primarily in late fall, winter 
and during spring migration.  The waterbirds that forage most heavily on waste corn include 
Black-bellied Whistling-Ducks in winter (Kramer and Euliss 1986); Canada Geese in fall  
(Craven and Hunt 1984, Paine and Tacha 1987, Havera 1998, Gates et al. 2001), winter (Kahl 
and Samson 1984, Paine and Tacha 1987, Harvey et al. 1988, Eggeman et al. 1989, Gates et al. 
2001), and spring (Reed et al. 1977, Giroux and Bergeron 1996, Gates et al. 2001, Linz et al. 
2002); Cackling Geese in fall and winter (Stabins et al. 2002); Snow Geese in fall (Frederick and 
Klaas 1982), winter (Alisauskas 1988, Davis et al. 1989, Hill and Frederick 1997, Kitchell et al. 
1999) and spring (Davis et al. 1989, Alisauskas and Ankney 1992, Giroux and Bergeron 1996); 
Greater White-fronted Geese in winter (Leyva-Espinosa 1993, Ely and Dzubin 1994) and spring 
(Krapu et al. 1995); Tundra Swans in winter (Schwalbe and Schwalbe 1974, Tate and Tate 1966, 
Paullin 1996) and spring migration (Nagel 1965); dabbling ducks (American Black Duck, 
Mallard, Northern Pintail, Green-winged Teal, Blue-winged Teal, American Wigeon) in fall and 
winter (Anderson 1959, Bellrose et al. 1979, Sell 1979, Hirst and Easthope 1981, Baldassarre 
and Bolen 1984, Jorde et al. 1984, Baldwin and Lovvorn 1994a, Baldwin and Lovvorn 1994b, 
Lovvorn and Baldwin 1996, Havera 1998); Sandhill Cranes during fall migration (Hoffman 
1976, Lovvorn and Kirkpatrick 1982a, Walkinshaw 1985), winter (Perkins and Brown 1981, 
Walker and Schemnitz 1987, Nesbitt and Williams 1990), spring migration (Hoffman 1976, 
Lewis 1979, Iverson et al. 1982, Davis 2003), and summer (Hoffman 1976); Red-winged 
Blackbirds in winter (Dolbeer et al. 1978, Williams and Jackson 1981), spring (Mott et al. 1972), 
summer (Bird and Smith 1964, Hintz and Dyer 1970, Mott et al. 1972, Bernhardt et al. 1987), 
and fall (Mott et al. 1972); Rusty Blackbirds during the post-breeding period (Brewster 1906); 
and Boat-tailed Grackles in fall and winter (Haag et al. 1987). 
 
During the breeding season, corn kernels are less available and thus generally less important to 
the few waterbird species that breed in cornfield habitats than they are to nonbreeding 
waterbirds.  Corn was seldom found in the diets of Northern Pintails (a Conservation Priority 
Species) during pre-breeding, nesting, and post-breeding periods in North Dakota (Krapu 1974).  
Red-winged Blackbird and Rusty Blackbird (a Conservation Priority Species) are the two species 
for which heavy reliance on corn resources has been documented during the breeding or 
immediate post-breeding season. Red-winged Blackbirds forage on waste corn early in the 
season (Giltz and Stockdale 1960, Hintz and Dyer 1970, McNicol et al. 1982, Gremaud 1983), 
and later in the season both species take ripening kernels from the ears of standing corn 
(Brewster 1906, Hintz and Dyer 1970, Bollinger and Caslick 1985, Dolbeer 1990).  Gremaud 
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(1983) documented a strong positive correlation between the numbers of breeding Red-winged 
Blackbirds and waste corn abundance in Iowa corn fields.  
 
Studies of the consumption of corn and its prevalence in the diet of waterbirds are fairly well 
documented.  Throughout mid-continental North America, waste corn accounted for the majority 
(>50% of esophageal contents) of the examined diets of Snow and Canada Geese during studies 
conducted in fall (Frederick and Klaas 1982, Craven and Hunt 1984, Gates et al. 2001), winter 
(Alisauskas et al. 1988, Eggeman et al. 1989, Hill and Frederick 1997, Gates et al. 2001), and 
spring (Reed et al. 1977, Alisauskas and Ankney 1992, Giroux and Bergeron 1996, Gates et al. 
2001).  Gates et al. (2001) documented that adult Canada Geese deposited on average 84% 
(female) to 92% (male) of their spring lipid reserves during a 4-week spring-staging period in 
Wisconsin, where diets included on average 50% waste corn (% dry mass).  In a study of spring-
staging Greater White-fronted Geese in Nebraska, Krapu et al. (1995) observed that 76% of 
foraging geese occurred in corn fields, and that waste corn accounted for an average of 90% of 
the diet (% dry mass) of collected geese.  In contrast, corn accounts for a comparatively smaller 
proportion of the documented fall and winter diets of dabbling ducks in various locales, ranging 
from 5% or less for American Black Ducks (a Conservation Priority Species) and American 
Wigeon (Byrd 1991, Baldwin and Lovvorn 1994a, Baldwin and Lovvorn 1994b, Lovvorn and 
Baldwin 1996) to moderate proportions (23-47%) of the diets of Mallard, Northern Pintail, Blue-
winged Teal, and American Wigeon (Anderson 1959, Sell 1979, Sheeley and Smith 1989, 
Havera 1998).  Corn accounts for more than 80% (by volume) of the diet of wintering Sandhill 
Cranes (a Conservation Priority Species) in New Mexico (Walker and Schemnitz 1987), and 
more than 90% (by volume) of the diet of cranes staging in Nebraska in spring (Lewis 1979, 
Iverson et al. 1982, Reinecke and Krapu 1986).  Various studies of breeding Red-winged 
Blackbirds conducted at northern latitudes (southern Ontario, Manitoba, South Dakota) have 
found that blackbirds forage moderately on corn during the breeding season (accounting for as 
much as 24% of the diet by volume, and 56% frequency of occurrence) but consumption of corn 
can be heavy (as much as 27% by volume and occurrence in the diets of 83-93% of individuals) 
in early fall as corn kernels mature (Bird and Smith 1964, Hintz and Dyer 1970, Mott et al. 
1972).  Corn accounted for as much as 53% to 71% of the diet of wintering Red-winged 
Blackbirds in Tennessee (Dolbeer et al. 1978) and Ohio (Williams and Jackson 1981), and is a 
primary food item of Boat-tailed Grackles in Florida during fall and winter (Haag et al. 1987).  
 
Energy Value of Corn.  Corn kernels have high caloric value compared to other cereal crops.  
Tested with Canada Geese, the apparent metabolizable energy (AME) of corn is 3.97 kcal/g, 
marginally higher than other cereal crops including sorghum (3.96 kcal/g) and wheat seed (3.85 
kcal/g) (Joyner et al. 1987).  The estimated value for true metabolizable energy (TME) of corn 
assayed with Canada Geese and Mallard varies from 3.67 to 3.90 kcal/g, comparable to sorghum 
(3.78 kcal/g), but higher than soybeans (2.65 to 3.55 kcal/g), rice (2.82 to 3.34 kcal/g), and wheat 
seed (3.38 kcal/g) (Reinecke et al. 1989, Petrie et al. 1998).  Moreover, the energy content of 
corn is easily assimilated - digestibility assayed with Canada Geese was estimated at 88%, higher 
than sorghum (87%), rice (67%) and soybeans (62%) (Petrie et al. 1998).  Although the caloric 
content of corn may be high, studies indicate that various waterbird species supplement their diet 
with other sources of protein and various nutrients that are in short supply from cereal grains 
(Delnicke and Reinecke 1986, Miller 1987).   
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Weed Seeds 
We found only one reference to waterbirds foraging on weed seeds present in corn fields, but 
agricultural weed seeds are known to be an important food source for many bird species in 
general (Martin et al. 1951).  Robertson et al. (1978) documented weed seeds in the diets of 
wintering Red-winged and Rusty Blackbirds foraging in southwest Kentucky corn fields.   
 
Green Vegetation 
In general, the green vegetation of corn plants appears to be of relatively little value to 
waterbirds, although some icterids have been observed consuming the new vegetation from 
sprouting corn seeds in spring (Stone and Mott 1973, Rogers and Linehan 1977).   
 
Terrestrial Invertebrates 
Terrestrial invertebrates are likely an important food resource for some insectivorous waterbirds 
frequenting cornfield habitats during both the nonbreeding and breeding seasons.  Little 
information exists, however, on the abundance or waterbird consumption of invertebrate 
resources in corn fields.  Insect pests such as the corn rootworm beetle (Diabrotica longicornis) 
European corn borer (Ostrinia nubilalis), and corn earworms (Heliothis zea) commonly occur in 
corn fields throughout the year, and their consumption by Red-winged Blackbirds have been 
regularly observed in Ontario, Canada, as well as Ohio, Iowa, and Kentucky during the breeding 
season (Robertson et al. 1978, McNicol et al. 1982, Bollinger and Caslick 1985, Dolbeer 1990, 
Best 2001).  Sterner et al. (2003) observed Killdeer and Mountain Plovers (a Conservation 
Priority Species) foraging on insects in newly planted corn fields in Colorado during the 
breeding season, and swallows will forage on insects flying over fields of growing corn during 
migration and breeding (Boutin et al. 1999a, Boutin et al. 1999b, Beecher et al. 2002).  In 
Illinois, Warburton and Klimstra (1984) documented the abundance of various invertebrates 
(especially spiders and beetles) in corn fields during the avian breeding season.  Earthworms are 
an important cornfield resource available to ground-foraging birds (Eiserer 1980, Braile 1999).  
In Indiana corn fields during the fall, (Mackay and Kladivko 1985) documented average 
earthworm densities in untilled fields of up to 16 ± 8 (SD) worms/m2 (biomass: 4.4 ± 2.0 g/m2).  
Many shorebird species are known to consume earthworms (Skagen and Oman 1996), and these 
prey are likely to be important to the various shorebird species that have been documented 
foraging in corn fields.   
 
Soil-dwelling forms (larvae or root feeders) of corn insect pests are most abundant in winter, 
spring and early in the breeding season, whereas forms associated with growing corn plants 
increase in abundance towards the latter part of the breeding season (Chiang 1978, Best 2001).  
Earthworms are also most accessible in winter, spring or early in the breeding season while corn 
plants are small and substrates uncovered by vegetation.  Thus, for those bird species that forage 
primarily on invertebrates on the ground or in low herbaceous cover (e.g., waterfowl, 
shorebirds), terrestrial invertebrate foods will be most available in winter, spring, and early in the 
breeding season.  In Iowa, Best (2001) documented a decline in the abundance of ground-
foraging species, and an increase in the abundance of shrub/tree foraging species occurring in 
corn fields as the breeding season progressed, attributing these patterns in part to temporal 
changes in the abundance and availability of different terrestrial invertebrates.   
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Breeding Resources 
North American corn fields appear to provide limited breeding resources, and are used during 
breeding by only a small number of waterbird species.  There are a few species for which nesting 
in corn fields has been observed, and virtually no information on the use of corn fields by these 
species for brood-rearing. 
 
Nesting Habitat 
Confirmed accounts of waterbirds nesting in North American cornfield habitats exist for three 
species: Killdeer, Red-winged Blackbird, and Common Yellowthroat (Dambach and Good 1940, 
Good and Dambach 1943, Basore et al. 1986, Best 1986, Boutin et al. 1999b, Best 2001, 
Renfrew and Ribic 2001, Beecher et al. 2002).  Undoubtedly the species with the most 
widespread geographic documentation of nesting in corn fields is the Killdeer, for which nests 
have been documented in corn fields of the Prairie Hardwood Transition (BCR 23) (Renfrew 
and Ribic 2001), Eastern Tallgrass Prairie (BCR 22) (Dambach and Good 1940, Good and 
Dambach 1943, Basore et al. 1986, Best 1986, Best 2001), and which probably nest in corn 
fields of the Central Mixed-Grass Prairie (BCR 19) (Beecher et al. 2002), southern Ontario 
(Boutin et al. 1999b), and elsewhere (C. Elphick, per. obs.).  Basore et al. (1986) documented 
nest densities varying from 1 ± 2 (SE) to 5 ± 6 nests/km2 among fields managed with and 
without tillage, and observed that individuals more commonly used microhabitats with sparse 
residue and short vegetation between rows of newly planted corn.  Likewise, Best (2001) 
observed Killdeer nesting before and shortly after corn planting while substrates were still 
relatively unvegetated.  Red-winged Blackbirds also commonly nest in corn fields and cornfield 
edges in various locales (Basore et al. 1986, Boutin et al. 1999b, Best 2001) at low densities of 1 
± 4 nests/km2 (Basore et al. 1986), with nests in fields typically woven among growing 
cornstalks (Yasukawa and Searcy 1995).  In the Eastern Tallgrass Prairie (BCR 22), Common 
Yellowthroats have been confirmed nesting in no-till corn fields (Best 1986) and in strip cover 
around corn fields (Basore et al. 1986).  Although these species have been documented as 
nesting in corn fields, their nesting success in corn fields is virtually unknown and represents a 
major knowledge gap (see Summary and Synthesis – Knowledge Gaps and Research Needs – 
Resources).  In Spain, studies conducted with artificial nests documented high rates of nest 
predation (86%) in corn fields, considerably higher than fields planted to other cereal grains such 
as wheat and barley (51%) (Pescador and Peris 2001).  
 
Brood-rearing/Post-fledging Habitat 
We found no literature on the use of corn fields as brood-rearing or post-fledging habitat for any 
of the species documented to nest in corn, or for any waterbird species moving in from other 
habitats. 
 
Resting Habitat 
Spring migrant Sandhill Cranes have been known to roost in corn fields in Nebraska (Central 
Mixed-Grass Prairie; BCR 19) (Sparling and Krapu 1994). 
 
EFFECTS OF CORN PRODUCTION METHODS 
A number of studies have investigated how corn farming methods affect waterbirds using 
cornfield habitats during both nonbreeding and breeding seasons.  Here we summarize these 
impacts following the phenology of corn production from soil and residue management to 
harvest methods, and review influences of other corollary aspects of corn production such as 
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field size, management of field margins, hunting and landscape context.  Table 4-2 provides a 
synopsis of the current state of knowledge on these topics. 
 
Soil and Residue Management in Preparation for Planting 
Methods for preparing the soil for new corn plantings are varied.  Under conventional 
management, corn residues are reduced in the fall either by plowing the residue into the soil or 
by burning it (although burning is less common; F. Koppatschek, ABG Inc., pers. comm.).  The 
fields are then disked and harrowed in spring to create a smooth, residue-free surface for new 
plantings (Best 1986).  In contrast, no-till or conservation tillage methods involve leaving the 
corn residue on the surface (no fall burning/plowing or spring disking), seeds are ‘slot planted’ 
directly into the soil through the previous crop’s residue, and herbicides may be used in lieu of 
mechanical weeding (Best 1986).   
 
Effects of residue management practices on food resources for waterbirds during nonbreeding 
periods are varied, and there have been only a few studies assessing waterbird responses to these 
practices.  As fall plowing tends to bury surface resources such as waste corn, it is not surprising 
that many researchers have documented large decreases in the post-harvest availability of waste 
corn on the surface of plowed fields (Frederick and Klaas 1982, Baldassarre and Bolen 1984, 
Warner et al. 1985, Giroux and Bergeron 1996) and associated low use of plowed fields by 
Canada Geese, Greater White-fronted Geese and Sandhill Cranes (a Conservation Priority 
Species) during winter and spring migration (Reed et al. 1977, Frederick and Klaas 1982, 
Lovvorn and Kirkpatrick 1982a, Krapu et al. 1984, 1995; Davis 2003).  In contrast, plowing may 
temporarily expose benthic invertebrates in corn fields; in Europe, shorebirds, wading birds and 
gulls will flock to recently plowed grain fields to forage on newly-exposed invertebrates, 
sometimes actively following farm machinery (Barnard and Thompson 1985, O'Connor and 
Shrubb 1986, Lack 1992).  In addition, fall burning can improve availability of waste corn to 
foraging birds by removing plant residue without destroying many of the ears and kernels 
(Baldassarre et al. 1983), and winter foraging geese have been known to select burned fields 
even though unburned fields may harbor greater amounts of waste corn (Baldassarre and Bolen 
1984).  Presence of residue appears to greatly affect terrestrial invertebrate communities.  In 
Indiana, presumably due to greater availability of decomposing plant matter, earthworms were 
more abundant in untilled corn (density: 16 ± 8 (SD) worms/m2; biomass: 4.4 ± 2.0 g/m2) than in 
tilled fields (density: 8 ± 8 worms/m2; biomass: 3.1 ± 3.0 g/m2) that were sampled in the fall 
(Mackay and Kladivko 1985).  Braile (1999), however, did not observe disproportionate use of 
untilled corn fields by American Golden-Plovers (a Conservation Priority Species) in another 
Indiana study.  Not only do increased residues in no-till fields increase productivity of 
earthworms, but Mackay and Kladivko (1985) also discovered during a greenhouse study that 
earthworm activity consequently increased residue incorporation and breakdown, significantly 
reducing the need for conventional tillage. 
 
Few researchers have examined the impacts of tillage practices on resources and waterbird use of 
fields during the breeding period.  From spring until fall harvest, Warburton and Klimstra (1984) 
documented greater abundances of most invertebrates (predators, scavengers, other) in no-till 
corn fields than in conventionally tilled fields in southern Illinois, crediting these abundances to 
greater vegetation and residue available in no-till fields.  Overall, more species and total numbers 
of breeding birds using corn fields were observed in no-till corn fields of Illinois and Indiana 
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than in fields with less crop residue (Warburton and Klimstra 1984, Castrale 1985), with Killdeer 
the only species more abundant in tilled fields (Castrale 1985).  Authors ascribe these patterns to 
better foraging and nesting habitat in no-till fields.  Basore et al. (1986) observed that nest 
densities of Killdeer were higher in no-till fields (5 ± 6 nests/km2) compared to tilled fields (2 ± 
3 nests/km2), but compared to other species Killdeer tended to nest in no-till fields where residue 
cover was relatively sparse and weedy vegetation was short.  As far as we could determine, the 
influence of increased residue on nest success in corn fields has not been evaluated for any 
species.  Based on studies of nest success in non-waterbird species (Rodenhouse and Best 1983, 
Best 1986), fewer waterbird nests are presumably lost to farm machinery in no-till than in 
conventionally tilled corn fields.  Best (1986) warns, however, that while nest densities of some 
species may be higher in no-till corn fields, these habitats may act as population sinks by 
attracting nesting birds to habitats that receive frequent machinery disturbances.  Assessing the 
population consequences of such farming activities would contribute important new knowledge 
on the value of these habitats (see Knowledge Gaps and Research Needs below). 
 
Sowing Methods 
Simply by virtue of its timing, corn sowing negatively affects the few waterbird species that nest 
in corn fields.  Whether by conventional or no-till methods, corn is generally planted in the 
spring (April, May) in North America, coincident with the beginning of nest initiation by the few 
species breeding in corn fields.  Consequently, many early nests are lost due to the activities of 
farm machinery during planting operations (Rodenhouse and Best 1983, Basore et al. 1986).   In 
no-till fields, the tires from farm machinery usually cause greater disturbance to ground nests 
between rows of residue than to those within rows (Best 1986).  Moreover, as farmers do not 
necessarily replant corn in the previous year’s rows, nests positioned within rows of crop residue 
are not necessarily protected from destruction during sowing operations (Best 1986). 
 
Pesticide Use and Organic Farming 
The corn industry has used a number of pesticides early in the growing season (April, May) to 
combat various weeds and insect pests responsible for losses to yield and revenue.  The number 
of herbicide applications may be high in no-till fields (Beecher et al. 2002).  Insecticides that 
have been used to combat invertebrate pests such as the Corn Rootworm (Diabrotica spp.), 
Wireworm (Agriotes spp.) and Seed Corn Maggot (Delia platura) include organophosphates 
(chlorpyrifos, fonofos, terbufos, phorate, diazinon, methyl parathion), organochlorines (lindane), 
carbamates (carbofuran), pyrethroids, and nicotinoids (Best 1992, Boutin et al. 1999b, Beecher et 
al. 2002; F. Koppatschek, ABG Inc., pers. comm.).  Herbicides that have been used to control 
weeds in corn fields include triazines (atrazine – most common, cyanazine, metribuzin), anilines 
(alachlor), thiocarbamates (EPTC), nitriles (bromoxynil), benzoic acid compounds (chloramben, 
dicamba), and other compounds such as 2,4,-D, bentazon, acetochlor, metolachlor (Boutin et al. 
1999b, Beecher et al. 2002; F. Koppatschek, ABG Inc., pers. comm.).  Of these chemicals, many 
of the insecticides are classified as moderately to highly toxic to birds (EXTOXNET 2007).  
Organophosphates (all but diazinon) and carbofuran are particularly lethal, especially when 
applied to fields in granular form (Flickinger et al. 1980, Hill and Camardese 1984, Balcomb et 
al. 1984a, Smith 1987, Osten et al. 2005).  In contrast, most herbicides used in corn fields are 
practically nontoxic to slightly toxic to birds (EXTOXNET 2007).  The Environmental 
Protection Agency initiated a ban on carbofuran use in 1994 (EXTOXNET 2007).  Most of the 
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highly toxic organophosphates are “restricted-use” pesticides and therefore may still be 
purchased and used by certified growers.   
 
Pesticides can affect waterbirds either directly by causing death or affecting their health, or 
indirectly by impacting the food resources on which birds rely.  Although there has been only 
moderate documentation of the effects of these chemicals on waterbirds in corn fields, additional 
information can be garnered from research conducted on other crops such as rice.  Because 
pesticides are applied in the spring, the WWL species most at risk are species that occur in corn 
fields during the breeding season. 
 
There are few specific accounts of bird mortalities caused directly by pesticide applications in 
corn fields (Stinson et al. 1994, Boutin et al. 1999b), perhaps partly because of factors 
contributing to a low probability of carcass detection (Balcomb 1986).  More studies have 
assessed the relative risk to species using corn fields based on the phenology of use and habitat 
associations (Best and Gionfriddo 1991, Best and Fischer 1992, Mineau 1993, Boutin et al. 
1999b, Beecher et al. 2002).  Inarguably most of the insecticides used in corn fields are known to 
be deadly to birds.  Carbofuran is acutely toxic (Mineau 1993) and many fatal waterbird and 
landbird poisonings from carbofuran were reported in ricefields in the 1980s (Flickinger et al. 
1986).  Likewise, waterfowl deaths from the organophosphate methyl parathion were reported in 
Louisiana ricefields (White et al. 1983).  In Virginia, Stinson et al. (1994) observed mortalities 
for four waterbird species (Swamp Sparrow, Red-winged Blackbird, Rusty Blackbird - a 
Conservation Priority Species, Boat-tailed Grackle) in corn fields treated with carbofuran.  In 
this study, most (58%) carcasses were found within 18 m of field edges, which is where spillages 
most commonly occur because they are turnaround areas (Boutin et al. 1999b).  Boutin et al. 
(1999b) cite unpublished data from Illinois and Iowa on the mortalities of Killdeer and Red-
winged Blackbird from granular pesticides in corn fields, and considered these two WWL 
species to be among many other ground foragers to be at greatest risk of death from similar 
exposure in corn fields elsewhere.  In a study of bird use of organic and nonorganic corn fields in 
Nebraska, Beecher et al. (2002) did not find evidence for lethal poisonings of birds - including 
WWL species Killdeer, Upland Sandpiper (a Conservation Priority Species), Northern Rough-
winged Swallow, and Red-winged Blackbird - by various organophosphates and carbofuran.  
Most species, however, foraged in disproportionately greater numbers organic fields, and thus 
species’ contact with pesticides in this study may have been low.  Many studies emphasize the 
risk to species foraging in corn fields concurrent with or shortly after insecticide application, 
either because birds may mistake granules of pesticide for food or grit, or may inadvertently 
consume seeds coated with pesticides or invertebrates with adhering granules (Balcomb et al. 
1984b, Best 1992, Best and Fischer 1992, Stafford et al. 1996).  Short-term hazing of birds in 
recently-treated fields might provide a means of reducing the impact of pesticides. 
 
An additional source of mortality associated with pesticide use can come from the physical 
application of pesticides.  Most pesticides are applied to fields early in the growing phase, 
coincident with the timing of nest initiation for many species (Best 1986).  Farm machinery used 
to apply chemicals to fields can damage nests of birds breeding in corn fields, particularly those 
species that tend to nest in between (as opposed to within) corn crop rows (e.g., Killdeer; Best 
1986).  For fields managed without pesticides (organic farming; see below) and reliant instead on 
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tillage for weed control, however, mortality incurred by farm machinery is also an issue (Beecher 
et al. 2002). 
 
Perhaps the most serious effect of pesticide use in corn fields is the resulting decrease in the 
abundance of potential foods eaten by waterbirds.  Most insecticides targeting crop pests are 
broad-spectrum chemicals that will also kill non-target invertebrates (EXTOXNET 2007).  For 
instance, granular carbofuran is highly toxic to the invertebrate foods found in ricefields 
(Flickinger et al. 1980, Osten et al. 2005).  Not surprisingly, Beecher et al. (2002) observed 
greater species richness and abundance of terrestrial invertebrates in organic corn fields than in 
those fields to which pesticides had regularly been applied.  Moreover, by denuding weed 
grasses and forbs in corn fields, herbicides reduce the abundance of other important foods to 
some species (e.g., shorebirds, sparrows, wrens) such as seeds and the arthropods that feed on 
pest plant species (Altieri 1987, 1992, Freemark and Boutin 1995, Beecher 1998, Gibbons et al. 
2006).  The negative impacts of herbicides may be especially great in GM corn fields where the 
glyphosate herbicides used for weed control target all plant species except the GM crop.  Some 
researchers have found a significant reduction in the abundance of weeds and weed seeds in 
various GM crops treated with glyphosate herbicides as opposed to conventional herbicide 
treatments (Fawcett and Slife 1978, Peterson et al. 2002, Heard et al. 2003), and lower diversity 
and abundance of granivorous songbirds in corn fields planted to GM corn compared to 
conventional corn has been documented in Britain (Chamberlain et al. 2007).  
 
Alternatives to conventional insecticide use are being considered by the corn industry.  New 
pesticides with fewer adverse impacts on wild birds are being evaluated as replacements for 
carbamates (Avery et al. 1998), and biological control of corn crop pests using invertebrate 
predators and parasites or by insect-eating birds is also receiving increased attention (Dix et al. 
1995, Barbosa 1998).  One class of GM crops in which a crop is genetically engineered to 
produce insecticidal proteins of Bacillus thuringiensis (“Bt crops”) conferring a built-in 
resistance to lepidopteran and coleopteran insect pests, has been under recent consideration and 
scrutiny as a potential alternative to conventional insecticide use in corn (Naranjo et al. 2005a, 
Romeis et al. 2006).  Although a major environmental concern with Bt crops is their potential 
impact on beneficial non-target invertebrates, including those used in biological control (Romeis 
et al. 2006), available evidence suggests that densities of various terrestrial non-target arthropods 
and other insects are in fact unaffected by the insecticidal properties of Bt corn (Bitzer et al. 
2005, Daly and Buntin 2005, Dively 2005, Pilcher et al. 2005, Bhatti et al. 2005a, Bhatti et al. 
2005b).  Consequently, researchers have proposed that the planting of Bt corn provides a number 
of environmental and economic advantages by significantly reducing the need for conventional, 
broad-spectrum insecticides, and by increasing opportunities for biological control (Bhatti et al. 
2005a, Bhatti et al. 2005b, Naranjo et al. 2005a, Romeis et al. 2006).  Depending on the extent to 
which terrestrial invertebrates in corn fields are an important food resource for waterbirds using 
corn fields (a significant knowledge gap, see Summary and Synthesis – Knowledge Gaps and 
Research Needs below), the adoption of Bt corn may immediately benefit a number of 
waterbirds.  Testing this hypothesis should be a high priority for future researchers, especially 
given that 32% of field corn in the U.S. was planted to GM cultivars producing Bt toxins in 2004 
(Naranjo et al. 2005), and that there is an increasing yearly trend in the area allocated to Bt crops 
worldwide (Romeis et al. 2006b). 
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In some areas, organic farming may be an environmentally friendly yet economically viable 
alternative to widespread pesticide use (Rogers and Freemark 1991).  In Europe, several 
researchers contend that organic farming probably enhances biodiversity in agricultural 
landscapes in general (Hole et al. 2004, Bengtsson et al. 2005).  To our knowledge, only one 
North American study has assessed the effects of organic cornfield farming on bird use.  Beecher 
et al. (2002) found that organically managed Nebraska corn fields, on which no pesticide or 
synthetic fertilizer had been applied for at least three years, attracted more species and higher 
abundances of breeding shorebirds and landbirds [including WWL species Killdeer, Upland 
Sandpiper, Northern Rough-winged Swallow, Red-winged Blackbird] than non-organic fields.  
They attribute this higher use of organic corn fields to better quality and quantity of invertebrate 
and plant food resources both within fields and towards field edges.  Because organic fields rely 
on more frequent tillage, however, Beecher et al. (2002) caution that organic corn fields may act 
as ecological traps by attracting species to more productive fields that simultaneously pose a 
greater risk of nest failure.   
 
Management of Pest Bird Species 
In some northern locales in North America, fall-migrating geese and Red-winged Blackbirds 
have caused significant damage to ripening corn prior to harvest (Hunt and Bell 1973, Dolbeer 
1981, Bernhardt et al. 1987, Dolbeer 1990, Wywialowski 1996).  Measures to deter geese from 
feeding in corn fields have included increasing the availability of corn on nearby wildlife 
refuges, implementing scare tactics to haze birds from fields, and increasing hunting pressure on 
corn fields and refuges (Hunt and Bell 1973).  While improving food conditions on refuges may 
initially appear to reduce the conflict caused by crop damage, in some locales it has exacerbated 
the problem by contributing to increased goose population growth (Hunt and Bell 1973).  
Conventional methods to deter blackbirds and other icterids include propane exploders, hawk 
kites, reflective ribbons, and shooting (Dolbeer 1990).  In South Dakota (Prairie Potholes; BCR 
11), avicide (DCR-1339) treated bait is commonly broadcast in corn fields during spring 
migration to cull blackbirds en route to breeding grounds where they cause major damage to 
sunflower crops (Linz et al. 2001, Linz et al. 2002, Linz et al. 2004).  These lethal measures to 
control blackbirds in corn fields pose considerable threat to other, non-target, granivorous 
species that also forage in corn fields during spring migration (Linz et al. 2001, Linz et al. 2002, 
Linz et al. 2004).  Potential alternative measures to control damage to cereal grains by blackbirds 
include adjusting the timing of farm production practices (planting, harvest) so that crop 
resources are not most abundant and available during peak abundances of pest species (White et 
al. 1985, Brugger et al. 1992), using chemical repellants (Dolbeer 1981, Avery 1989, Avery and 
Decker 1991, Avery et al. 1993, Avery et al. 1995, Avery et al. 1996, Avery et al. 1997), and 
behavioral-based deterrents (Daneke and Decker 1988, Avery et al. 1999).  The feasibility and 
efficacy of implementing these measures on a large scale, however, have not been evaluated. 

 
Harvest Methods 
A trend towards increased corn harvest efficiency (Krapu et al. 2004) may be problematic for 
species such as Sandhill Cranes (a Conservation Priority Species) and Greater White-fronted 
Geese, which have a diet that comprises 90% or more waste corn (Reinecke and Krapu 1986, 
Krapu et al. 1995).  Krapu et al. (2004) documented a 27-47% reduction in waste corn 
abundance in corn fields in the Central Platte River Valley in Nebraska between 1978 and 1998 
that was primarily due to an increase in the efficiency of corn ear retrieval by combine headers.  
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Other factors that have decreased amount of waste corn in fields include improved vigor of Bt 
and other genetically modified crop types (F. Koppatschek, ABG Inc., pers. comm.).  Over this 
20-year period, researchers have documented a concomitant 46% decrease in the fat content of 
spring-staging Sandhill Cranes, and lower daily fat storage rates in Greater White-fronted Geese 
(see Krapu et al. 2004).  If such trends in harvest efficiency are representative of corn fields 
elsewhere, these observations have far-reaching implications for the long-term viability of many 
North American waterbird populations that are reliant on waste corn. 
 
Crop Rotation, Fallow Land 
To maintain soil fertility and help with pest problems, corn is often grown in rotation with 
soybeans and other cereal crops (Beecher et al. 2002, Krapu et al. 2004).  In as much as crops 
like soybeans can provide interim habitat of some value to waterbirds (see SOYBEAN chapter), 
crop rotation does not appear to affect waterbirds using corn fields adversely.  We did not find 
any specific references to use of fallow fields previously planted to corn. 
 
EFFECTS OF OTHER MANAGEMENT ACTIVITIES 
Other management activities that occur in corn fields may additionally influence waterbird use.  
We briefly review these here.   
 
Management of Field Margins  
Management of cornfield margins is important to those WWL species that use edge habitat in 
addition to cornfield interiors, such as Canada Goose, American Black Duck (a Conservation 
Priority Species), Mallard, Black-bellied Plover, Killdeer, American Woodcock (a Conservation 
Priority Species), Great Blue Heron, Black-crowned Night-Heron, Common Yellowthroat, 
Swamp Sparrow, and Red-winged Blackbird (Basore et al. 1986, Jobin et al. 1998, Boutin et al. 
1999a, Boutin et al. 1999b, Best 2001, Hultquist and Best 2001).  In fact, some of these species 
are more abundant in field margins because of the greater quantity and quality of resources 
towards the edge compared to the interior (Best et al. 1990, Boutin et al. 1999a, b).  
Consequently, Beecher et al. (2002) suggest that managing field margins using organic farming 
methods (no pesticides, fertilizers; biological control) could greatly benefit many species, even if 
the interiors of these fields are managed following conventional methods.  Potentially, wildlife 
gains obtained by taking this approach could offset losses caused by increasing field sizes.  
Moreover, cornfield edges can provide habitat to bird species that are potentially useful for 
biological pest control (Jobin et al. 2001, Kirk et al. 2001), and thus crop management practices 
that enhance edge habitat could indirectly benefit all waterbirds using corn fields by decreasing 
the need to use pesticides. 
 
Hunting Activity 
Recreational goose and crane hunting is common in corn fields of North America.  Such hunting 
can help to control population growth in species (e.g., geese) that cause ecological problems 
(Bechet et al. 2004), and can provide valuable extra revenue to farmers, especially where 
waterfowl damage to corn crops has had an economic impact (Winner 1959, Hunt and Bell 1973, 
Reinecke et al. 1989).  Hunting plays a key role in regulating population size of the mid-
continent population of Sandhill Cranes (a Conservation Priority Species) that migrate through 
the Prairie Potholes (BCR 11) and Central Mixed-Grass Prairie (BCR 19) regions, and winter 
along the Gulf Coast (Sharp and Vogel 1992)  Aside from incurring mortality, hunting activities 
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can negatively affect waterbirds through frequent disturbances.  Bechet et al. (2004) found that 
spring-migrating Snow Geese were adversely affected by disturbance from cornfield hunting in 
SE Canada.  Hunting disturbances lowered the foraging efficiency of individuals, and these birds 
exhibited reduced body condition potentially lowering their future reproductive success (Bechet 
et al. 2004).  Bechet et al. (2004) suggest limiting waterfowl hunting during spring migration in 
order to lessen these negative affects. 
 
EFFECTS OF LANDSCAPE FEATURES 
Landscape attributes of corn fields themselves may significantly affect waterbird use.  We briefly 
review what is known regarding such potential influences here.  
 
Field Size  
The recent trend towards larger corn fields has resulted in a decrease in the amount of cornfield 
margin habitat (commonly defined as edge and cornfield habitat within 50 m of the edge) 
important to some waterbirds (see Management of Field Margins; Best 1986, Boutin et al. 
1999b).  The direct relationship between corn field size and diversity and abundance of 
waterbirds has not been documented.  Important plant and invertebrate food resources for 
breeding birds tend to be most abundant towards cornfield edges (Kemp and Barrett 1989, Best 
et al. 1990, Sotherton 1991), however, and smaller corn fields with more edge are thus expected 
to provide more resources to some species than will large fields with little edge habitat.  In 
contrast, larger fields could be preferred by species that seek open foraging habitat to avoid 
predators.  
 
Landscape Context 
Studies in wetland landscape ecology (Naugle et al. 1999, Riffell et al. 2003, Taft and Haig 
2006) suggest that waterbird use of agricultural fields can be affected by habitat features of the 
surrounding landscape, or by the “landscape context” of fields.  The coverage, placement and 
connectivity of various features in the surrounding landscape may be important, including that of 
other suitable habitat, natural wetlands, hunting refuges, and roads and other sources of 
disturbance.  Understanding how features such as these influence waterbird use of corn fields 
could affect a number of management decisions.  Few studies have touched on this issue for corn 
fields specifically, but those that do suggest that landscape context can influence waterbird use of 
corn fields.  Stone-curlew (Burhinus oedicnemus) in England, for instance, are more likely to 
breed in corn fields that are close to short semi-natural grassland or sheep pasture and greater 
than 3 km from the nearest road (Green et al. 2000).  In southern Ontario, Kirk et al. (2001) 
documented greater abundances of Common Yellowthroat and Tree Swallow in corn fields 
adjacent to wetlands.  Blackbird damage to corn crops tend to be greater in fields that are near 
woodlands or water bodies (Dolbeer 1980, Bollinger and Caslick 1985, Besser and Brady 1986, 
Otis and Kilburn 1988, Dolbeer 1990).  In Iowa, cornfield use by breeding Killdeer was greatest 
in fields close to pasture habitat (Gremaud 1983).  Finally, in Indiana, Lovvorn and Kirkpatrick 
(1982a) found that spring and fall migrant Sandhill Cranes were more likely to use corn fields 
near roost sites.   
 
SUMMARY AND SYNTHESIS 
The following is a summary of the major themes relating to the use of corn fields by waterbirds, 
waterbird resources found in cornfield habitats, positive and negative effects of corn production 
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practices on waterbirds, and gaps in our knowledge of these topics.  We synthesize these topics 
to provide a sense of the present avian conservation challenges that relate to corn agriculture, and 
of the future research needed to resolve these issues. 
 
Waterbird Use 
Available information indicates that the resources and habitat provided by North American corn 
fields are used by a moderate number of waterbird species (Table 4-1), but may be particularly 
vital to migrating and wintering geese (e.g., Frederick and Klaas 1982, Craven and Hunt 1984, 
Davis et al. 1989, Alisauskas and Ankney 1992, Krapu et al. 1995, Havera 1998, Gates et al. 
2001) and Sandhill Cranes, a Conservation Priority Species (e.g., Iverson et al. 1982, Krapu et al. 
1984, 1985; Davis 2003).  Corn fields are used by the greatest numbers of birds during 
nonbreeding periods, and thousands of waterfowl and cranes have been observed foraging in 
corn fields during winter, spring and fall migrations (e.g., Nagel 1965, Harvey et al. 1988, Petrie 
et al. 2002).  Various other granivorous and/or ground-foraging shorebirds, wading bird and 
landbird species also use cornfield habitats during the breeding season and migration, but in 
much lower numbers (e.g., Dolbeer et al. 1978, Castrale 1985, Basore et al. 1986, Boutin et al. 
1999a, 1999b; Kirk et al. 2001, Beecher et al. 2002).  Shorebird species using cornfield habitats 
are primarily associated with terrestrial habitats (e.g., Upland Sandpiper, American Woodcock), 
and many are visual foragers (i.e., plovers).  WWL landbirds using corn fields are primarily 
aerial insectivores that forage over the fields (e.g., swallows), ground foragers (e.g., sparrows) or 
generalist species (e.g., blackbirds). 
 
WWL Species and Bird Conservation Regions 
Of the 216 species identified for the Waterbirds on Working Lands project, 45 species have been 
observed in corn fields in North America, of which 11 are species of conservation priority (Table 
4-1).  Of these 45 species, 42 use corn fields during winter or migration, and 23 have been 
documented foraging or nesting in cornfield habitats during the breeding/post-breeding season.  
On average, use of corn fields has been documented for only 7% (range: 1% in Mississippi 
Alluvial Valley BCR 26 to 14% in Eastern Tallgrass Prairie BCR 22) of those species considered 
to be relatively abundant within each BCR (i.e., species on BCR regional lists).  Whether these 
low numbers represent gaps in knowledge or are a true representation of the diversity of 
waterbirds using corn fields with the BCRs is uncertain (see Knowledge Gaps and Research 
Needs below). 
 
Corn Resources 
The foraging resources provided to waterbirds by corn fields include corn kernels (e.g., 
Baldassarre et al. 1983, Baldassarre and Bolen 1984, Warner et al. 1985, Krapu et al. 1995), 
weed seeds (Robertson et al. 1978), new shoots of corn vegetation (Rogers and Linehan 1977), 
and terrestrial invertebrates (Robertson et al. 1978, McNicol et al. 1982, Warburton and Klimstra 
1984, Bollinger and Caslick 1985, Mackay and Kladivko 1985, Dolbeer 1990, Best 2001).  
Caloric value of corn ranks the highest among cereal crops and moist-soil seeds (Joyner et al. 
1987, Reinecke et al. 1989, Petrie et al. 1998).  Corn pest insects, earthworms, and arthropods 
are among the terrestrial invertebrates that are eaten by some waterbird species.  These 
invertebrates are most accessible to birds in winter, spring and early in the breeding season 
before growth of the corn crop.  Waterfowl and cranes rely heavily on waste corn (e.g., Iverson 
et al. 1982, Reinecke and Krapu 1986, Alisauskas and Ankney 1992, Krapu et al. 1995, Havera 
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1998); terrestrial invertebrates are likely to be important to shorebirds (Skagen and Oman 1996) 
and some landbirds (e.g., Bollinger and Caslick 1985, Dolbeer 1990, Boutin et al. 1999a, 
Beecher et al. 2002); and other landbirds such as blackbirds obtain a mixed diet of corn (in milk 
stage from ripening ears) and invertebrates (Bird and Smith 1964, Dolbeer et al. 1978, Best 
2001).  For a few ground- or shrub-nesting species frequenting corn fields during the breeding 
season, cornfield habitats (including edges) can provide nesting habitat (Renfrew and Ribic 
2001, Basore et al. 1986, Best 2001).  Among WWL species, Killdeer and Red-winged 
Blackbird are most likely to be found nesting in corn fields. 
 
Practices Benefiting Waterbirds 
Available information indicates that some methods involved in producing corn both directly and 
indirectly benefit the waterbird species using corn fields.  Practices that positively influence the 
suitability of fields for many waterbirds during all phases of the annual cycle include some 
conventional tillage and some ‘no-till’ practices for different species, lessened use of harmful 
pesticides, and organic farming (Table 4-2). 
 
Conventional and no-till practices have different effects on different species.  Fall plowing 
activities associated with conventional tillage potentially increase access to terrestrial 
invertebrates important to some waterbirds such as shorebirds and landbirds (O’Connor and 
Shrubb 1986, Lack 1992).  Likewise, fall burning conventionally practiced in lieu of plowing 
may increase access to waste corn resources by removing cornstalk residue without destroying 
ears and kernels (Baldassarre et al. 1983).  In contrast, no-till practices improve waterbird access 
to waste corn by leaving it on the surface rather than plowing it under (Frederick and Klaas 1982, 
Baldassarre and Bolen 1984, Warner et al. 1985, Giroux and Bergeron 1996), and decomposing 
residues contribute to increased earthworm and other invertebrate abundances in spring and 
summer (Warburton and Klimstra 1984, Mackay and Kladivko 1985).  Moreover, no-till 
practices are associated with better conditions for nest concealment and lower nest failure rates 
by breeding birds (Rodenhouse and Best 1983, Basore et al. 1986, Best 1986).  The potential to 
control corn crop pests via Bt engineered corn, or using other non-pest insects or insect-eating 
birds (biological control), may be promising measures to reduce reliance on pesticides (Dix et al. 
1995, Barbosa 1998, Romeis et al. 2006a, b).  Finally, organic farming practices may strongly 
benefit migrant and breeding waterbirds by increasing the quality and quantity of invertebrate 
and plant food resources both within corn fields and in cornfield margins (Beecher et al. 2002). 
 
Practices Negatively Affecting Waterbirds 
Compared to the positive effects of corn agriculture, there appear to be more practices that 
adversely impact waterbirds and that present future obstacles and challenges towards improving 
the wildlife conservation value of corn fields.  These negative effects have far-reaching 
implications for sustaining waterbird populations that have become dependant on cornfield 
resources for survival and reproduction.  Cornfield management practices with negative effects 
include some conventional tillage practices, some no-till practices, timing of sowing, pesticide 
use (particularly herbicides used in GM corn), measures used to control geese and blackbird 
pests, increased harvest efficiency, increased field size, and disturbance from hunting on 
agricultural land (Table 4-2). 
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There are more negative effects associated with conventional tillage practices than with no-till 
practices, and while the negative effects of no-till influence nonbreeding birds, the negative 
effects of conventional tillage impact waterbirds during both nonbreeding and breeding periods.  
Although lack of plowing or burning in no-till fields may not increase fall and winter access to 
invertebrates and waste corn, respectively, fall plowing activities associated with conventional 
tillage can severely bury waste corn, making it unavailable to foraging waterbirds such as geese 
and Conservation Priority Species Sandhill and Whooping Cranes (e.g., Frederick and Klaas 
1982, Baldassarre and Bolen 1984, Warner et al. 1985, Krapu et al. 1995, Davis 2003), and the 
longterm abundance of invertebrates important to shorebirds and landbirds during spring and 
summer may be lower in conventionally tilled fields than in no-till fields (Warburton and 
Klimstra 1984, Mackay and Kladivko 1985).  Further, because there are more passes by farm 
machinery during spring and summer in conventionally-managed fields, more waterbird nests are 
likely destroyed in tilled fields (Best 1986).  Finally, nest concealment resources are fairly low in 
fields that have been disked and harrowed (Warburton and Klimstra 1984, Castrale 1985, Basore 
et al. 1986, Best 1986).    
 
Because corn is planted at around the time many nests are initiated, sowing poses a risk to the 
few nesting waterbirds (and many other non-waterbirds), regardless of tillage method (Basore et 
al. 1986, Best 1986).  For waterbirds using corn fields during the breeding season, the 
“restricted-use” insecticides applied to corn fields present mortality risk to waterbirds, either 
from direct ingestion or from nest destruction by the farm machinery used to apply chemicals to 
fields (e.g., Best 1992, Best and Fischer 1992, Stinson et al. 1994, Stafford et al. 1996, Boutin et 
al. 1999b, Beecher et al. 2002).  Pesticides can also reduce weed seeds and invertebrate food 
resources for breeding or migrating birds (e.g., Flickinger et al. 1980, Osten et al. 2005, 
Freemark and Boutin 1995, Beecher et al. 2002, Chamberlain et al. 2007).  Throughout corn 
growing regions, measures to control blackbird damage to corn and other crop types pose serious 
risk to the other non-target WWL species (potentially including Rusty Blackbird, a Conservation 
Priority Species) also occurring in corn fields during the breeding or post-breeding periods (e.g., 
Linz et al. 2001, 2002, 2004).  Moreover, the trend towards increased harvester efficiency in 
some locales appears to be substantially reducing waste corn resources for wintering and migrant 
geese and cranes, which adversely impacts fat storage capabilities and potentially lowers 
reproductive fitness of these species (Krapu et al. 2004).  Similarly, the disturbance associated 
with cornfield hunting activities can adversely affect goose foraging efficiency, fat storage rates, 
and ensuing reproductive success (Bechet et al. 2004). 
 
Knowledge Gaps and Research Needs 
Apart from rice, we probably know more about how waterbirds use corn fields and how they are 
affected by cornfield management practices than we do about other major row crops.  Many gaps 
in knowledge, however, remain, and improving cornfield management for waterbirds will require 
additional work in the following areas.   
 
Waterbird Use 
Of the six focal BCRs for the WWL project in which corn is a major crop, we know the least 
about waterbird use of corn fields throughout the year in the Prairie Hardwood Transition 
(BCR 23), Central Hardwoods (BCR 24), and Shortgrass Prairie (BCR 18) regions (Table 4-
1). Many of the observations of species using corn fields come from research conducted outside 
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focal BCRs in the corn-growing regions of southeastern Canada, southwestern North America, 
and the western U.S.  Species reported only from these other regions include waterfowl (Tundra 
Swan, Ross’ Goose, Blue-winged Teal), shorebirds (Black-bellied Plover, Lesser Yellowlegs, 
Pectoral Sandpiper, American Woodcock), wading birds (Great Blue Heron, Black-crowned 
Night-Heron), and landbirds (Purple Martin, Tree Swallow, Bank Swallow, Palm Warbler, 
Northern Waterthrush, Lincoln’s Sparrow).  Whether these species also use corn fields in the 
focal BCRs is unclear, and some may not, simply because their ranges do not overlap with the 
BCRs (e.g., Tundra Swan).  For other species on this list, however, (e.g., Ross’s Goose, Blue-
winged Teal, American Woodcock, Great Blue Heron, Purple Martin), the lack of reported 
cornfield use in focal BCRs may represent a lack of published research from these BCRs.  
Recent work documenting use of corn fields by American Golden-Plover and Buff-breasted 
Sandpipers (e.g., Braile 1999, Jorgensen, unpubl. thesis) indicate that cornfield habitats 
throughout the Great Plains, especially those with shallow standing water, may be important to 
other shorebird species, particularly during spring migration (Skagen et al. 1999).  Further work 
on the occurrence of these and other shorebirds’ use of corn fields would be worthwhile.  Finally, 
estimating the cumulative use of fields by certain species that are widespread in their use of corn 
but which occur in small numbers in any particular field (e.g., Killdeer) would provide a valuable 
landscape perspective on the overall importance of cornfield habitats. 
 
Resources  
Uncertainty remains regarding how a continued increase in harvest efficiency may affect 
waterbird populations.  Additional studies that document the waste grain densities at which 
foraging birds abandon fields (the “giving-up density”), or that link the abundance of waste corn 
to waterbird survival and reproductive success, would be valuable.  Better quantification of 
terrestrial invertebrate resources such as pest insects, earthworms and arthropods in corn fields 
and their consumption both by breeding species and nonbreeders (perhaps especially shorebirds) 
would further our understanding of the importance and sustainability of these resources for 
waterbirds.  In order to evaluate the overall impact of GM corn on waterbirds given competing 
impacts of glyphosate herbicides on weed species resources (potentially negative) and Bt corn on 
non-target terrestrial invertebrates (potentially positive), we will need to improve our 
understanding of the relative importance of weed plant resources (seeds, new shoots) and 
terrestrial invertebrates as foraging resources for waterbirds.  Moreover, further work in this area 
would allow us to better assess the role that waterbirds can play in biological control, and thus 
the potential to lessen the dependence on pesticide use.   
 
For those species documented as nesting in corn fields, there is little published information on 
their breeding success in this habitat.  Documentation of nesting success in corn fields and post-
nesting habitat use by young birds would further our understanding of the overall importance of 
cornfield nesting resources to waterbirds.  Studies of particular value would include assessing 
how nest success relates to increased residues in no-till fields, and patterns (e.g., timing, number 
of field passes) of in-field machinery use.  Comparisons of nesting productivity in corn fields to 
other natural and agricultural habitats would also be worthwhile. 
 
Effects of Crop Production Methods, Other Management Activities, and Landscape Features 
The potential effects of most corn production practices are fairly well established, but current 
knowledge is based on research conducted on a small number of WWL species (Table 4-2).  To 
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resolve whether conventional or conservation tillage most benefits waterbird communities using 
corn fields, we need to evaluate the positive and negative effects of all phases of both practices 
on more species during all phases of the annual cycle, with an ultimate decision weighted by the 
overall diversity, abundance, and perceived conservation value of the species that are affected by 
each practice.  Such decisions may well differ among BCRs depending on the species present 
and the way in which corn resources are used by birds in different regions.  Continued research 
on the impacts of alternatives to heavy pesticide use, including use of low toxicity chemicals, 
planting of GM Bt corn, and crop management practices (organic farming, biological control) on 
waterbirds and cornfield food resources would be immensely valuable.  In particular, parsing out 
the organic farming practices that benefit high priority waterbird species would be a helpful step 
towards identifying aspects of organic farming that could be incorporated into conventional 
farming.  Better quantification of the cost-effectiveness of the various alternatives to lethal 
control of bird pests (e.g., blackbirds) is needed before these methods can be commonly used.  
For all corn-growing regions and BCRs, greater understanding of the influence of landscape 
context on waterbird use of corn fields should enable more strategic broadscale approaches to 
conservation planning in agricultural landscapes. 
 
Beyond quantifying the nest success and mortality of waterbirds in fields managed using various 
crop production techniques (e.g., for tillage, sowing, pesticide use/organic farming), an important 
future area of research will be to determine how aspects of cornfield management that influence 
these demographic parameters affect the overall stability of populations.  Quantifying how field 
management activities contribute to birth and death rates and thus population dynamics - 
particularly for species of conservation priority - will be a crucial step towards devising crop 
production practices that are not detrimental to waterbirds using corn fields. 
 
Finally, investigating the trade-offs between the benefits and costs of various corn farming 
methods to the conservation of waterbirds and the economics of corn production will be a vital 
focus for future research, enabling the ultimate design of sustainable conservation-oriented 
agronomic practices.
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Table 4-1.  Waterbird species reported in or in association with cornfield habitats in North America and in focal BCRs during winter, migration, and breeding seasons.  
Use by landbirds presented only for species on the Waterbird on Working Lands (WWL) species list.   Species on each BCR regional list are considered relatively 
abundant (compared to other focal BCRs) within the BCR.  Under Migration, “S” refers to spring migration, and “F” refers to fall migration.  “(?) “ under Nesting 
indicates probable nesting based on territorial behavior.  Apparent absences may reflect incomplete information in the published literature for a given season or region. 
_______________________________________________________________________________________________________________________________________ 
 
 North America a Prairie Potholes (BCR 11) b 
 ____________________________________ ____________________________________ 
  On    On  
  WWL Species of   Breeding  BCR 11  Breeding 
GROUP Species Conservation  ________________ Regional  _______________ 
 Common name List Priority Winter Migration Foraging Nesting List Winter Migration Foraging Nesting 
_______________________________________________________________________________________________________________________________________ 
 
WATERFOWL 
 Black-bellied Whistling-Duck X  X  X 
 Fulvous Whistling-Duck X  X 
 Tundra Swan X  X S/F        
 Snow Goose X  X S/F     S 
 Ross’s Goose X  X 
 Greater White-fronted Goose X  X S 
 Canada Goose X  X S/F X  X  S 
 Cackling Goose   X    
 American Black Duck X X X F X 
 Mallard X  X S/F X  X  S 
 Northern Pintail X X X F X  X   X 
 Green-winged Teal X  X F   X 
 Blue-winged Teal X   F X  X 
 American Wigeon X  X F   X 
 
SHOREBIRDS 
 Black-bellied Plover X   F   X 
 American Golden-Plover X X  S   X 
 Killdeer  X  X S/F X X X  S  
 Mountain Plover X X   X X X    
 Lesser Yellowlegs X X  F (rare)   X 
 Buff-breasted Sandpiper X X  S   X 
 Pectoral Sandpiper X   F (rare)   X 
 Spotted Sandpiper X   F (rare)   X 
 Upland Sandpiper X X  S/F X  X 
 Wilson’s Snipe X   S   X  S  
 American Woodcock X X X F   X 



 
© National Audubon Society, Inc. 2007 

90

 
Table 4-1.  Continued. 
_______________________________________________________________________________________________________________________________________ 
 
 North America  Prairie Potholes (BCR 11)b 
 ____________________________________ ____________________________________ 
  On    On  
  WWL Species of   Breeding  BCR 11  Breeding 
GROUP Species Conservation  ________________ Regional  _______________ 
 Common name List Concern Winter Migration Foraging Nesting List Winter Migration Foraging Nesting 
_______________________________________________________________________________________________________________________________________ 
 
WADING BIRDS 
 Great Blue Heron X   F   X 
 Black-crowned Night-Heron X   F   X 
 White-faced Ibis X  X 
 
OTHER WATERBIRDS  
 Sandhill Crane X X X S/F X  X 
 Whooping Crane X X X S/F 
 Ring-billed Gull X   F X  X 
 Virginia Rail X    X  X   X  
  
WWL LANDBIRDS 
 Purple Martin X   F X  X 
 Tree Swallow X   F X  X 
 N. Rough-winged Swallow X   F X  X 
 Bank Swallow X   F X  X 
 Palm Warbler X   F 
 Northern Waterthrush X   F (rare)   X  
 Common Yellowthroat X   F X X X 
 Lincoln’s Sparrow X   F (rare) rare 
 Swamp Sparrow X  X F X  X 
 Red-winged Blackbird X  X S/F X X X   X 
 Rusty Blackbird X X X F (rare)   X 
 Yellow-headed Blackbird X    S/F X  X  S/F X 
 Boat-tailed Grackle X   X F   
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Table 4-1.  Continued. 
_______________________________________________________________________________________________________________________________________ 
 
 Prairie Hardwood Transition (BCR 23) b Eastern Tallgrass Prairie (BCR 22) b 
 ____________________________________ ____________________________________ 
  On On   On  
  WWL BCR 23   Breeding  BCR 22  Breeding 
GROUP Species Regional  ________________ Regional  _______________ 
 Common name List List Winter Migration Foraging Nesting List Winter Migration Foraging Nesting 
_______________________________________________________________________________________________________________________________________ 
 
WATERFOWL 
 Black-bellied Whistling-Duck X 
 Fulvous Whistling-Duck X 
 Tundra Swan X X  S   X      
 Snow Goose X      X X S/F 
 Ross’s Goose X 
 Greater White-fronted Goose X 
 Canada Goose X X X F/S   X X F 
 Cackling Goose      
 American Black Duck X X     X X F 
 Mallard X X     X X F 
 Northern Pintail X    
 Green-winged Teal X      X 
 Blue-winged Teal X X     X 
 American Wigeon X X     X  F 
 
SHOREBIRDS 
 Black-bellied Plover X X     X 
 American Golden-Plover X X     X  S 
 Killdeer  X X   X X X    X X 
 Mountain Plover X           
 Lesser Yellowlegs X X     X  
 Buff-breasted Sandpiper X X     X 
 Pectoral Sandpiper X X     X  
 Spotted Sandpiper X X     X 
 Upland Sandpiper X X     X     
 Wilson’s Snipe X X     X     
 American Woodcock X X     X 
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Table 4-1.  Continued. 
_______________________________________________________________________________________________________________________________________ 
 
 Prairie Hardwood Transition (BCR 23) b Eastern Tallgrass Prairie (BCR 22) b 

 ____________________________________ __________________________________ 
  On On   On  
  WWL BCR 23   Breeding  BCR 22  Breeding 
GROUP Species Regional  ________________ Regional  _______________ 
 Common name List List Winter Migration Foraging Nesting List Winter Migration Foraging Nesting 
_______________________________________________________________________________________________________________________________________ 
 
WADING BIRDS 
 Great Blue Heron X X      X 
 Black-crowned Night-Heron X X     X 
 White-faced Ibis X   
 
OTHER WATERBIRDS  
 Sandhill Crane X X  S/F X    S/F 
 Whooping Crane X    
 Ring-billed Gull X X     X 
 Virginia Rail X X     X   X 
 
WWL LANDBIRDS 
 Purple Martin X X     X   X 
 Tree Swallow X X     X 
 N. Rough-winged Swallow X X     X 
 Bank Swallow X X     X 
 Palm Warbler X        
 Northern Waterthrush X        
 Common Yellowthroat X X     X   X X 
 Lincoln’s Sparrow X  
 Swamp Sparrow X X     X 
 Red-winged Blackbird X X     X   X X 
 Rusty Blackbird X      X 
 Yellow-headed Blackbird X X      
 Boat-tailed Grackle X       
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Table 4-1.  Continued. 
_______________________________________________________________________________________________________________________________________ 
 
 Central Mixed-Grass Prairie (BCR 19) b Shortgrass Prairie (BCR 18) b 
 ____________________________________ ____________________________________ 
  On On   On  
  WWL BCR 19   Breeding  BCR 18  Breeding 
GROUP Species Regional  ________________ Regional  _______________ 
 Common name List List Winter Migration Foraging Nesting List Winter Migration Foraging Nesting 
_______________________________________________________________________________________________________________________________________ 
 
WATERFOWL 
 Black-bellied Whistling-Duck X X 
 Fulvous Whistling-Duck X 
 Tundra Swan X        
 Snow Goose X X     X  
 Ross’s Goose X X     X 
 Greater White-fronted Goose X X  S 
 Canada Goose X X     X  
 Cackling Goose      
 American Black Duck X    
 Mallard X X X    X X F 
 Northern Pintail X X     X X F 
 Green-winged Teal X X     X X F 
 Blue-winged Teal X X     X  F 
 American Wigeon X X     X X F 
 
SHOREBIRDS 
 Black-bellied Plover X X     X 
 American Golden-Plover X X     X 
 Killdeer  X X   X (?) X   X 
 Mountain Plover X X     X   X X 
 Lesser Yellowlegs X X     X  
 Buff-breasted Sandpiper X X  S   X 
 Pectoral Sandpiper X X     X 
 Spotted Sandpiper X X     X 
 Upland Sandpiper X X   X  X 
 Wilson’s Snipe X X     X 
 American Woodcock X X        
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Table 4-1.  Continued. 
_______________________________________________________________________________________________________________________________________ 
 
 Central Mixed-Grass Prairie (BCR 19) b Shortgrass Prairie (BCR 18) b 

 ____________________________________ ____________________________________ 
  On On   On  
  WWL BCR 19   Breeding  BCR 18  Breeding 
GROUP Species Regional  ________________ Regional  _______________ 
 Common name List List Winter Migration Foraging Nesting List Winter Migration Foraging Nesting 
_______________________________________________________________________________________________________________________________________ 
 
WADING BIRDS 
 Great Blue Heron X X     X 
 Black-crowned Night-Heron X X     X 
 White-faced Ibis X X     X 
 
OTHER WATERBIRDS  
 Sandhill Crane X X  S   X 
 Whooping Crane X   
 Ring-billed Gull X X     X 
 Virginia Rail X      X    
 
WWL LANDBIRDS 
 Purple Martin X X 
 Tree Swallow X X     X 
 N. Rough-winged Swallow X X   X  X 
 Bank Swallow X X     X 
 Palm Warbler X  
 Northern Waterthrush X        
 Common Yellowthroat X X     X 
 Lincoln’s Sparrow X X     X 
 Swamp Sparrow X X       
 Red-winged Blackbird X X   X (?) X 
 Rusty Blackbird X X 
 Yellow-headed Blackbird X X     X 
 Boat-tailed Grackle X       
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Table 4-1.  Continued. 
_______________________________________________________________________________________________________________________________________ 
 
 Central Hardwoods (BCR 24) b Mississippi Alluvial Valley (BCR 26) b 
 ____________________________________ ____________________________________ 
  On On   On  
  WWL BCR 24   Breeding  BCR 26  Breeding 
GROUP Species Regional  ________________ Regional  _______________ 
 Common name List List Winter Migration Foraging Nesting List Winter Migration Foraging Nesting 
_______________________________________________________________________________________________________________________________________ 
 
WATERFOWL 
 Black-bellied Whistling-Duck X 
 Fulvous Whistling-Duck X 
 Tundra Swan X            
 Snow Goose X X     X  
 Ross’s Goose X 
 Greater White-fronted Goose X      X 
 Canada Goose X X X F   X  
 Cackling Goose      
 American Black Duck X X     X  
 Mallard X X     X X 
 Northern Pintail X X     X  
 Green-winged Teal X X     X 
 Blue-winged Teal X X     X 
 American Wigeon X X     X   
 
SHOREBIRDS 
 Black-bellied Plover X      X 
 American Golden-Plover X      X   
 Killdeer  X X X  X  X      
 Mountain Plover X           
 Lesser Yellowlegs X X     X  
 Buff-breasted Sandpiper X      X 
 Pectoral Sandpiper X      X  
 Spotted Sandpiper X X     X 
 Upland Sandpiper X X     X     
 Wilson’s Snipe X X     X     
 American Woodcock X X     X 
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Table 4-1.  Continued. 
_______________________________________________________________________________________________________________________________________ 
 
 Central Hardwoods (BCR 24) b Mississippi Alluvial Valley (BCR 26) b 
 ____________________________________ ___________________________________ 
  On On   On  
  WWL BCR 24   Breeding  BCR 26  Breeding 
GROUP Species Regional  ________________ Regional  _______________ 
 Common name List List Winter Migration Foraging Nesting List Winter Migration Foraging Nesting 
_______________________________________________________________________________________________________________________________________ 
 
WADING BIRDS 
 Great Blue Heron X X      X 
 Black-crowned Night-Heron X X     X 
 White-faced Ibis X   
 
OTHER WATERBIRDS  
 Sandhill Crane X         
 Whooping Crane X    
 Ring-billed Gull X X     X 
 Virginia Rail X X     X    
 
WWL LANDBIRDS 
 Purple Martin X X     X    
 Tree Swallow X X     X 
 N. Rough-winged Swallow X X     X 
 Bank Swallow X X     X 
 Palm Warbler X        
 Northern Waterthrush X      X  
 Common Yellowthroat X X     X     
 Lincoln’s Sparrow X      X 
 Swamp Sparrow X X     X 
 Red-winged Blackbird X X     X     
 Rusty Blackbird X X X    X 
 Yellow-headed Blackbird X       
 Boat-tailed Grackle X      X 
________________________________________________________________________________________________________________ 
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Table 4-1.  Continued. 
 

aSome information from comprehensive multi-species surveys conducted in Canada:  
Boutin, C., K. E. Freemark, and D. A. Kirk. 1999a. Spatial and temporal patterns of bird use of farmland in southern Ontario. Canadian Field-Naturalist 113:430-460. 
Boutin, C., K. E. Freemark, and D. A. Kirk. 1999b. Farmland birds in southern Ontario: field use, activity patterns and vulnerability to pesticide use. Agriculture, 

Ecosystems & Environment 72:239-254. 
Jobin, B., J.-L. DesGranges, and C. Boutin. 1998. Farmland habitat use by breeding birds in southern Quebec. Canadian Field-Naturalist 112:611-618. 
Kirk, D. A., C. Boutin, and K. E. Freemark. 2001. A multivariate analysis of bird species composition and abundance between crop types and seasons in southern 

Ontario, Canada. Ecoscience 8:173-184. 
bNo comprehensive multi-species surveys conducted in BCR. 
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RESOURCES SOWING 
(Spring) 

PRE-HARVEST 
(Growing Crop,  
Summer) 

HARVEST 
(Fall) 

POST-HARVEST 
(Winter, Early Spring) 

CROP ROTATION, 
FALLOW LAND 

 
FORAGING RESOURCES 
o Corn Kernels 

 
waste corn – Black-
bellied Whistling Duck, 
breeding blackbirds 1,2,3 

 
ripening corn - 
breeding blackbirds  
4-7 

 
waste corn - fall 
migrant waterfowl, 
cranes, blackbirds 8-22 

 
waste corn - migrant and 
wintering waterfowl, 
cranes, blackbirds5.10-38 

 
waste corn depleted 
by the time field is 
fallow39 

 
o Weed Seeds 
 

   blackbirds 40  

 
o Green Vegetation  
    (new shoots of corn) 
 

blackbirds, grackles 41,42     

o Terrestrial Invertebrates 

migrant and breeding 
shorebirds, landbirds 
(earthworms, soil-
dwelling larval forms of 
insects, flying insects) 
4,5,39,43-45 

breeding landbirds 
(insects associated 
with growing corn) 39 

 

migrant and wintering 
shorebirds, landbirds 
(earthworms, soil-dwelling 
larval forms of insects, 
flying insects) 4,5,39,43-45 

 

 
BREEDING RESOURCES 
o Nesting Habitat 

 
only three species 
(Killdeer, Red-winged 
Blackbird, Common 
Yellowthroat) 
documented nesting in 
cornfields 39,46-52 

 
only three species 
(Killdeer, Red-winged 
Blackbird, Common 
Yellowthroat) 
documented nesting 
in cornfields 39,46-52 

  

 
 
 
 
 
 

o Brood-rearing/Post-fledgling 
Habitat  

no information, but 
cornfields likely used 
by Killdeer and other 
breeding waterbirds 

no information, but 
cornfields likely used 
by Killdeer and other 
breeding waterbirds 

  

Table 4-2.  Summary of corn resources and their use by waterbirds during the different phases of corn production in North 
America.  Grey shaded boxes indicate not applicable, or resource not available during the time period. 
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Sources: 
1 Giltz, M. L., and T. M. Stockdale. 1960. The red-winged blackbird story. Special Circulation 95, Ohio Agriculture Experimental Station, Ohio State University, Columbus, Ohio. 
2 McNicol, D. K., R. J. Roberton, and P. J. Weatherhead. 1982. Seasonal, habitat, and sex-specific food habits of red-winged blackbirds: implications for agriculture. Canadian Journal of 

Zoology 60:3282-3289. 
3 Bolen, E. G., and B. J. Forsyth. 1967. Foods of the Black-bellied Tree Duck in south Texas. Wilson Bulletin 79:43-49. 
4 Bollinger, E. K., and J. W. Caslick. 1985. Red-winged blackbird predation on northern corn rootworm beetles in field corn. Journal of Applied Ecology 22:39-48. 
5 Dolbeer, R. A. 1990. Ornithology and integrated pest management: red-winged blackbirds Agelaius phoeniceus and corn. Ibis 132:309-322. 
6  Hintz, J. V., and M. I. Dyer. 1970. Daily rhythm and seasonal change in the summer diet of adult red-winged blackbirds. Journal of Wildlife Management 34:789-799. 
7 Brewster, W. 1906. The birds of the Cambridge region of Massachusetts. Mem. Nuttall Ornithol. Club no. 4. 
8 Anderson, H. G. 1959. Food habits of migratory ducks in Illinois. Illinois Natural History Survey Bulletin 27:289-344. 
9 Baldwin, J. R., and J. R. Lovvorn. 1994a. Habitats and tidal accessibility of the marine foods of dabbling ducks and brant in Boundary Bay, British Columbia. Marine Biology 120:627-638. 
10 Baldwin, J. R., and J. R. Lovvorn. 1994b. Expansion of seagrass habitat by exotic Zostera japonica, and its use by dabbling ducks and brant in Boundary Bay, British Columbia. Mar. Ecol. 

Prog. Ser. 103:119-127. 
11 Byrd, V. E. 1991. Food habits of Black Duck wintering in west central Tennessee. Tennessee Technical University, Cookeville, TX. 
12 Craven, S. R., and R. A. Hunt. 1984. Fall food habits of Canada geese in Wisconsin. Journal of Wildlife Management 48:169-173. 
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SOIL AND RESIDUE MANAGEMENT 
(Conventional Tillage vs. No-till) SOWING PESTICIDE USE, 

ORGANIC FARMING 
HARVEST 
METHODS  FIELD SIZE 

ALL WATERBIRDS 

conventional – mixed effects on fall/winter food 
availability: plowing potentially increases temporary 
access to invertebrate prey1,2 and burning 
increases access to waste corn3, but plowing 
buries waste corn substantially3-6 
 
no-till – Mixed effects on food resources all year: 
more waste corn in unplowed fields3-6, but may be 
less available than in burned fields3; invertebrate 
abundances higher in no-till fields7,8  
Nesting cover enhanced during breeding season 8-

10 

farm machinery 
used to plant corn 
can destroy nests 
and eggs of early 
breeders 10,14 

mortalities from 
organochlorines, 
organophosphates, or 
carbamates documented for 
some species 16,17; new 
shoots/seeds of weed 
species and invertebrate 
foods reduced by pesticide 
use18-22; 
organic farming increases 
food resources for breeding 
birds18; 
potential damage to nests 
from pesticide applications 
15 

increased 
harvest efficiency 
has diminished 
waste corn 
resources27 

more edge 
habitat 
associated 
with smaller 
fields, thus 
more food 
resources for 
species 
attracted to 
edges 28-30 

Waterbird Species Richness more species in no-till than conventional fields 
during breeding season 8,9     

Waterbird Abundances 
greater abundances of breeding birds in no-till than 
conventional fields 8,9; nest densities (based on few 
species) higher in no-till 10 

    

Table 4-3.  Summary of documented impacts of corn production methods and landscape features on waterbird groups and 
WWL species using cornfields in North America.  Open boxes without text indicate potential data gaps or areas for further 
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SOIL AND RESIDUE MANAGEMENT 
(Conventional Tillage vs. No-till) SOWING PESTICIDE USE, 

ORGANIC FARMING 
HARVEST 
METHODS  FIELD SIZE 

WATERFOWL 

conventional – mixed effects on waste corn 
availability in fall/winter: increases after burning but 
decreases after fall plowing3-6. 
 
no-till – waste corn available throughout 
nonbreeding season 4-6 

  

increased 
harvest efficiency 
has diminished 
waste corn 
resources27 

 

o Swans      
 

o Geese 

conventional – mixed effects on waste corn 
availability for geese in fall/winter: increases after 
burning but decreases after fall plowing 3-6. 
Lower use of fall-plowed fields 4,11-13 
 
no-till – waste corn available throughout 
nonbreeding season4-6 

  

increased 
harvest efficiency 
has diminished 
waste corn 
resources27 

 

o Dabbling Ducks     

 
 
 
 
 

Table 4-3.  Continued. 
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SOIL AND RESIDUE MANAGEMENT 
(Conventional Tillage vs. No-till) SOWING PESTICIDE USE, 

ORGANIC FARMING 
HARVEST 
METHODS  FIELD SIZE 

SHOREBIRDS 

conventional - plowing may temporarily 
invertebrate resources1,2; Less nesting cover for 
ground nesters in tilled fields8,9; More nests lost 
than in no-till fields due to more passes by farm 
machinery14,15. 
 
no-till - greater nesting cover in no-till 8,9; 
Fewer nests lost than in tilled fields because fewer 
passes by farm machinery14,15; Nest densities 
(based on few species) higher in no-till 10 

early nests may be 
lost to farm 
machinery during 
planting 10,14 

documented mortalities from 
carbamate and 
organophosphate use 17; 
Risk of mistaking granular 
formulations as seeds or 
grit, or ingesting granules 
adhering to invertebrates23-

26;  
weed seeds and 
invertebrate foods reduced 
by pesticides18-22; 
application by farm 
machinery may destroy 
nests15; organic farming can 
increase food resources for 
breeding birds and some 
species more abundant 
during breeding season 18 

  

WADING BIRDS plowing may expose invertebrate resources1,2    

 
 
 
 

OTHER WATERBIRDS 

conventional – mixed effects on waste corn 
availability for Sandhill Cranes in fall/winter: 
increases after burning but decreases after fall 
plowing 3-6. 
lower use of fall-plowed fields 4,11-13 
 
no-till – waste corn available throughout 
nonbreeding season4-6 

  

increased 
harvest efficiency 
has diminished 
waste corn 
resources for 
cranes 27 
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SOIL AND RESIDUE MANAGEMENT 
(Conventional Tillage vs. No-till) SOWING PESTICIDE USE, 

ORGANIC FARMING 
HARVEST 
METHODS  FIELD SIZE 

LANDBIRDS 

Conventional - plowing may help expose 
invertebrate resources1,2 (short-term benefit); Less 
nesting cover for ground nesters in tilled fields8,9; 
More nests lost than in no-till fields due to more 
passes by farm machinery14,15. 
 
No-till - greater nesting cover in no-till 8,9; 
Fewer nests lost than in tilled fields because fewer 
passes by farm machinery14,15 

Early nests may be 
lost to farm 
machinery during 
planting 10,14 

Documented mortalities from 
carbofuran use 16,17; 
Risk of mistaking granular 
formulations as seeds or 
grit, or ingesting granules 
adhering to invertebrates23-

26;  
weed seeds and 
invertebrate foods reduced 
by pesticides18-22; 
Application by farm 
machinery may destroy 
nests15; Organic farming can 
increase food resources for 
breeding birds and some 
species more abundant 
during breeding season 18 
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Figure 4-1.  Map of the distribution of corn planted in the United States during 2004, the most 
recent year for which data are available.  From the United States Department of Agriculture 
National Agricultural Statistics Service (http://www.usda.gov/nass/aggraphs/cropmap.htm; 
accessed 2 Jan 2007). 


