
growing seasons. Bartonek and Hickey (1969) reported few seeds in surface sam ­
ples « 1% total food), whereas bottom samples contained 43% plant material 
dominated by hard coated seeds. The y attributed the accumulation of seeds in the 
substrate to seed persistence, and further concluded that this condition may have 
increasedthestanding crop inconsiderable excess of annual production. 

Seed abundance, especially in bottom samples, is not synonymous with 
availability. The ability of waterfowl to use residual seeds is also influenced by the 
birds' morphological adaptations and feeding behavior; discussion here is limited 
to puddle ducks (A nas spp.). 

Surface samples were collected within 0.20 m of the water surface, hence 
virtually all these items would be available to puddle ducks that characteristically 

. tip-up or peck at items on or near the surface but usually do not dive for food. 
However , bottom samples were collected at depths of 0.30 - 0.90 rn, thus many 
seeds would be difficult or impossible for puddle ducks to obtain. Linde (1969) 
recommended water levels of less than 0.50 m if puddle duck use is desired. Drob­
ney and Fredrickson (1979) recommended water levels of less than 0.30 m at 
wood duck (A ix sponsavfeeding sites. Arner et al. (1974) reported that high water 
levels (1.22 - 1.83 m) on impoundments in Mississippi render seeds unavailable to 
puddle ducks. 

Water levels are probably the dominant factor influencing aquatic ecosystems. 
and management recommendations exist in the literature concerning water level 
manipulation procedures to increase growth of desirable waterfowl food plants 
(Linde 1969, Atlantic Waterfowl Council 1972). However , excessive water depth 
may seriously restrict food availability to puddle ducks and other waterbirds. 
Custer and Osborn (1978) found water depth limited feeding activities of some 
heron , ibis, and egret species foraging in eelgrass (Zostera marina) habitats. 
Drawdowns in the spring could improve food availability to puddle ducks and 
waterbirds , particularly of food items associated with bottom substrates . 

Drawdowns improve the availability of invertebrates to puddle ducks. Swan­
son and Meyer (1977) found that receding water levels created a short-term in­
crease in invertebrate availability because of shallow water and the concentration 
of organisms within a reduced water volume. Kushlan (1976) found receding 
water levels concentrated fish densities, which greatly increased their availability 
to herons. 

Breeding ducks rely heavily on invertebrate foods as protein sources necessary 
for reproduction (Krapu 1974 , Swanson and Meyer 1973). However, car­
bohydrates are also important during the breeding period as a prime energy source 
(Bardwell et al. 1962, Spinner 1950). " Availability drawdowns" of managed 
wetlands during pre-laying and laying each spring would make both protein and 
carbohydrate food sources readily available to waterfowl. Th is type of 
management may be of added importance in nutrient-poor aquatic ecosystems 
where greatly increased food availability may offset the lack of food abundance. 
Further, in areas where watermay not be available for rcflooding not all impound­
ments need be drawn down. This would not jeopardi ze brood habitat or fall food 
production. 
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