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CHAPTER I
INTRODUCTION

The nutritional quality of foods produced for waterfowl

is an important consideration in wetland management
programs. Understanding how nutrition affects waterfowl is
essential in providing for their needs throughout the annual
cycle. Because habitat and food use by Canada geese (Branta
canadensis) in fall and winter appear to be related to
availability of these resources (Austin 1988, Eggeman et al.
In preparation), it is important that foods produced and made
available for geese meet the energy and nutrient demands of
the birds (Kendeigh et al. 1977, Williams and Kendeigh 1982,
Joyner et al. 1987). If the only foods available for use by
geese have poor nutritional quality, the immediate
physiological condition and later reproductive performance of
the birds could be adversely affected (Ankney and MacInnes
1978, Raveling 1979, Joyner et al. 1984). Likewise, rates of
fat and protein deposition for migrating, egg-laying,
incubation and molting are determined in part by the content
and availability of energy and protein in foods (King 1972,
Raveling 1979). Thus, effective management should attempt to
provide the optimal combination of food types that meet the
seasonal energy and nutrient requirements of target species.

» Management practices‘for migrating and wintering Canada
geese focus on producing a mixture of agricultural and
native foods (Vaught and Kirsch 1966, Arthur 1968,

Fredrickson and Taylor 1982, Eggeman et al. In preparation).
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content in hybrid corn were maximized, it would probably
still be deficient relative to seeds such as rice cutgrass or

nodding foxtail.
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Table 15. True metabolizable energy of seeds

39

Species N TME (kcal/qg) SE
Soybean 7 4.104 A 0.17
Milo 6 4.016 A 0.03
Corn 6 3.856 A 0.09
Nodding foxtail 6 3.463 A 0.18
Largeseed smartweed 6 2.726 B 0.49
AB

- Different superscripts indicate significant between-
species differences (P < 0.05)
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Table 16. Metabolic efficiencies for seeds

Species N Metabolic efficiency (%) SE
Milo 6 89.30 A 0.74
Corn 6 87.26 AB 2.06
Nodding foxtail 6 78.39 AB 3.87
Soybean 7 73.32 B 2.97
Largeseed smartweed 6 56.86 © 10.25
ABC

- Different superscripts indicate significant between-
species differences (P < 0.05)
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Table 17. True digestibilities of seeds

Species N True Digestibility (%) SE
Milo 6 89.20 A 0.89
Corn 6 g4.58 A 2.60
Nodding foxtail 6 77.33 AB 5.34
Soybean 7 64.86 BC 2.97
Largeseed smartweed 6 58.87 € 11.13
ABC

- Different superscripts indicate significant between-
species differences (P < 0.05)
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and could therefore spend less time feeding. This suggests
that rowcrops can be very important energy sources when lipid
reserves must be acquired in a short period of time or during
the cold winter months.

Information on the available energy in a food and the
daily energy requirements of waterfowl can also be combined
with the food production figures on a given area to determine
the number of waterfowl-use days available (Hoffman and
Bookhout 1985, Austin 1988). During a severe winter at Swan
Lake NWR (mean temperature of -8C), the daily existence
metabolisms of male and female geese were 550 and 524
kcal/day, respectively (Austin 1988). The average TME for
corn was about 3.86 kcal/g DM (Table 15). About 3.5 million
kg (3.0 million kg DM based on average moisture content for
corn of 13.6% (this study)) of corn are available for geese
during a typical year at Swan Lake NWR (Austin 1988). This
translates to 11.7 billion kcal of available energy which
provides about 21 million goose-use days. Thus the corn
production on Swan Lake NWR in a typical year could support
100,000 geese for a little over 200 days. This assumes,
however, that the corn produced on the refuge is completely
available to geese and that no ducks or other birds are

utilizing this grain, both of which are very unlikely.



CHAPTER IV

EFFECTS OF FLOODING ON SEED DETERIORATION AND
ENERGY CONTENT
Waterfowl foods are exposed to a variety of

environmental conditions prior to consumption by ducks or
geese. Certain foods may remain unused by waterfowl for some
time until supplies of more preferred foods become exhausted
or unavailable (Paulus 1982). Natural or intentional fall
flooding by managers may result in seeds being immersed in
water for up to several months before they are used by
waterfowl. Whether séeds are flooded, exposed on the ground,
or remain attached to the plant, deterioration or changes in
their nutrient and energy content are possible. Consumption
of seeds by other animals such as rodents or nongame birds is
also a possibility (Davison 1961, McGinn and Glasgow 1963).
It is therefore important that managers understand how the
availability and quality of waterfowl foods are affected by
exposure to flooded and non-flooded conditions prior to use
by waterfowl.

Several previous studies have examined the effects of
flooding on deterioration rates of seeds, loss of seeds, or
nutritional quality of seeds. Dry matter deterioration of
flooded seeds varied greatly among species, ranging from 1%
for bulrush (Scirpus robustus) to 86% for soybeans after 90
days immersion (Neely 1956). All species showed exponential
rates of deterioration over time. Seeds from one stand of

Panicum ramosum were less susceptible to flooding



deterioration than those from other sites. Similar results
were obtained by Shearer et al. (1969), although percentages
of deterioration for the same or similar species were
slightly less than those from the previous study. They also
concluded that agricultural grains are readily accepted by
mallards (Anas_platyrhynchos) following exposure to flooding.
McGinn and Glasgow (1963) examined seed loss, deterioration,
viability and nutritional content after exposure on both the
ground and in water for up to 120 days. Seed loss occurred
more rapidly on the ground than under water. Loss may have
resulted from consumption by rodents, birds or ihsects, or

from removal of seeds by wind or runoff from precipitation.
MATERIALS AND METHODS

Six species of seeds were exposed to flooded and non-
flooded conditions at Fountain Grove WA for 30 and 95 days
beginning October 27, 1987. Three replications were made for
each treatment and duration. For each replication, a
measured weight of each seed along with a plastic
identification tag was placed in a nylon mesh bag which was
secured with staples. Gross energy of each seed sample was
determined with a Parr adiabatic oxygen bomb calorimeter (30
atm 0,) prior to exposure. One bag of each seed species was
placed in a 30 x 30 x 15 cm hardware-cloth cage. Twelve such
cages were placed at Fountain Grove, six being submerged in
about 60 cm of water (pH = 8.20) near the shore in Pool 2
close to the area headquarters, and six being staked out on a

mowed area west of the headquarters building. After 30 days,
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three cages were randomly retrieved from the flooded group
and three from the non-flooded group. The remaining cages
were retrieved after 95 days. Thick ice covering the flooded
cages prevented retrieval at 90 days as proposed. Samples
were returned to the lab immediately following retrieval and
washed while still in the nylon mesh bags. Each sample was
oven-dried at 65C until constant weight was reached. Each

sample was then weighed and gross energy determined.

RESULTS

Rowcrop and moist-soil seeds deteriorated to varying
degrees when exposed to flooded and non-flooded conditions
for 30 and 95 days (Table 20). Wild millet deteriorated the
least and soybeans the most for all treatments. Soybeans
were especially susceptible to dry matter loss when flooded.
The other seed species deteriorated somewhat more than wild
millet when flooded, but 80 to 90 percent of the original dry
matter of these seeds remained after flooding for 95 days.
Non-flooded soybeans still lost significantly more dry matter
than other seeds (P < 0.05), but losses were less than when
flooded. Wild millet, corn, milo, nodding foxtail and
largeseed smartweed all lost no more than about 10 percent
dry matter in the non-flooded situation regardless of the
duration of exposure.

No significant differences (P > 0.05) in
deterioration of wild millet exposed for 30 and 95 days
existed between flooded and non-flooded conditions. Duration

of exposure had little effect on deterioration for this
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species, although millet samples exposed to flooding for 95
days actually gained weight. Similarly, nodding foxtail
deterioration was not significantly different (P > 0.05)
between treatments. Corn, milo, largeseed smartweed and
soybeans all lost more dry matter when flooded than non-
flooded. Duration of exposure affected deterioration only of
flooded soybeans, with significantly less (P < 0.05) dry
matter remaining after 95 days than after 30 days.

Gross energy per gram dry matter of some seed species
also changed after exposure to flooded and non-flooded
conditions (Table 21). Soybeans increased significantly (P <
0.05) in energy content for all treatments. Other seed
species lost small percentages of their original energy,
except for corn which was essentially unaffected. The
increase in soybean energy content was significantly greater
(P < 0.05) for flooded samples. The gross energy of soybeans
increased from 5.597 to 6.259 kcal/g dry matter when flooded
for 30 days. Duration of exposure had no significant effect
for soybeans (P > 0.05). For wild millet, energy loss was
significantly greater (P < 0.05) when flooded than non-
flooded. Both largeseed smartweed and nodding foxtail showed
no difference in energy loss between flooded and non-flooded
conditions at 30 days. After 95 days, however, energy loss
was greater for flooded than for non-flooded samples of these
species. For corn and milo, no differences in energy loss
existed between flooded and non-flooded conditions or between

the two durations for either treatment.
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DISCUSSION

As studies have shown for other locations (Neely 1955,
McGinn and Glasgow 1963, Shearer et al. 1969), seeds
deteriorated to varying degrees when subjected to flooded and
non-flooded conditions in Missouri (Table 20). No
differences were apparent between rowcrop and moist-soil
seeds. Wild millet was the most resistant to dry matter
loss, and soybeans the least, with nodding foxtail, corn,
milo and largeseed smartweed falling in between. Most dry
matter loss occurred within the first 30 days of exposure.
This rapid initial loss of material followed by a period of
slower deterioration has been observed for seeds and other
plant parts (Neely 1955, Schnauss 1976). Such losses may
result from leaching of water-soluble compounds (McDonough
and Chadwick 1970, Kaushik and Hynes 1971) or breakdown of
compounds by fungi and bacteria (Christensen and Kaufmann
1974, Clark and Paul 1970). The loss of soluble substances
from leaves primarily takes place during the first day of
immersion, with temperature having little effect (Kaushik and
Hynes 1971). Subsequent microbial degradation of plant
tissues is greatly enhanced by higher temperatures, up to a
point (Kaushik and Hynes 1971, Schnauss 1976, White 1982,
Abdul-Baki and Anderson 1972, Christensen and Kaufmann 1974,
Waksman and Gerretsen 1931). Seed samples in this study were
placed in the field in late October and retrieved in late

January. Lower temperatures during the latter part of the
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exposure period probably had some effect on the slower rate
of deterioration during this period.

Different responses by seed species may have resulted
from differences in seed composition. Soybeans had a much
higher fat content than the other seeds (Table 1). Fat
hydrolysis in seeds proceeds much more rapidly than protein
or carbohydrate breakdown (Owen 1956).

The weight gain for some wild millet samples probably
resulted from the accumulation and adherence of foreign
debris as was observed by Schnauss (1976). Insufficient
washing may have failed to remove such matter.

Most seeds experienced some change in energy content
during exposure (Table 21). Such changes have been noted for
decomposing plant matter (Kaushik and Hynes 1971). These
changes are difficult to explain for seeds. McGinn and
Glasgow (1963) showed that the proximate content of seeds did
not change much when exposed to flooded and non-flooded
conditions. Thus, the energy content would not be expected
to change either. Leaching of seed constituents may have had
some effect on the pattern of energy change. Flooded samples
of smartweed, wild millet and foxtail all lost more energy
after 90 days than non-flooded samples of the same species.
Microbial synthesis of protein might have increased energy to
some extent.

When one examines the total available energy (based on
metabolic efficiencies (Table 16) from Chapter 3 of this
study) of 100 g of seeds before and after exposure to flooded

and non-flooded conditions (Table 22), the same pattern as
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was observed for dry matter deterioration is evident. Very
little of the original energy of soybeans remained after
exposure to flooding for 95 days. Managers can also use this
to estimate the amount of energy available from a known
amount of seeds produced on an area under different

conditions.



CHAPTER V

SUMMARY AND
MANAGEMENT RECOMMENDATIONS

Rowcrop and moist-soil seeds provide needed energy,
protein and essential amino acids for Canada geese (Table
23). They are an integral part of an effective management
program for migrating and wintering geese. Corn and milo
contained readily available energy needed for
thermoregulation and fat deposition. Nodding foxtail and
rice cutgrass were able to satisfy the protein and essential
amino acid requirements of geese. Soybeans and beggarticks
appeared to be excellent sources of energy and protein, but
were unsuitable for geese for other reasons. Corn, milo,
smartweeds and wild millet were deficient in protein and many
essential amino acids. Most seeds, except for soybeans,
resisted deterioration when flooded, making them well-suited
for inclusion in wetland management programs for Canada
geese.

The following management recommendations are made based
on the results of this study:

1. Corn and milo should be provided as primary sources
of energy for wintering geese.

2. Nodding foxtail and rice cutgrass should be

considered as sources of protein and amino acids.
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Table 23. Suitability of seeds for use in Canada goose
management programs
Metabolizable Protein and Flooding
Seed enerqgy amino acids resistance
Corn Excellent Poor Good
Milo Excellent Poor Good
Soybean Good Excellent? Poor
Wild milletl - Poor Excellent
Largeseed smartweed Poor Poor Good
Nodding smartweed - Poor -
Rice cutgrass - Good -
Nodding foxtail Good Good Good
Beggarticks - Excellent -

38availibility of protein and amino acids is poor due to
antinutritional factors in soybeans

1 - Dpenotes E. crusgalli
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3. Soybeans should not be provided as goose foods
because of their problems with antinutritional factors and
susceptibility to deterioration, as well as the possibility
of crop impaction.

4. Smartweeds and wild millets should not be
viewed as excellent waterfowl foods because of their low
protein, amino acid and TME levels. They do, however, resist
flooding deterioration well and are readily utilized by
geese.

5. In general, the best management strategy appears to
be the provision of a variety of food types (rowcrops, moist-
soil plants and green browse) in order to meet the many

nutritional demands of Canada geese.
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