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EXECUTIVE SUMMARY

- L]
his manual provides quantitative methods to

estimate duck-use-days (DUD), based on daily

= energy requirements of waterfowl species, to
determine incremental benefits, and impacts, of land
and water resource development projects on waterfowl
habitats and populations in the Mississippi Alluvial Valley
(MAV) during the nonbreeding period September
through March. The manual uses the basic concepts of
estimating DUD's from resource abundance in the MAV
developed by the Lower Mississippi Valley Habitat Joint
Venture and expands data and model equations using
contemporary data on: 1) daily energetic expenditure of
waterfowl species commonly present in the MAV during
the nonbreeding period; 2) estimates of resource values
and dynamics in a complete array of MAV habitats and
management scenarios; 3) estimates of energy values of
specific foods relative to different species; and 4) seasonal
and annual probabilities of foods being available to
waterfowl.

The primary habitat types in the non-coastal part of the
MAV are: 1) Bottomland Hardwood Forest, 2) Floodplain
Forest, 3) Riverfront Forest, 4) Seasonal Herbaceous
including Bottomland Prairie, 5) Persistent Emergent, 6)
Shrub/Scrub, 7) Dead Timber, 8) Open Water/Aquatic, and
9) Agricultural Fields. Major food groups in these habitats
are 1) mast; 2) invertebrates and zooplankton; 3) seeds
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from herbaceous and aquatic plants; 4) below-ground
tubers, roots, and rhizomes; 5) above-ground browse; 6)
aquatic plants and algae; 7) small vertebrates; and 8)
agricultural grains and browse.

Five model equations are provided that calculate DUD's
for various combinations of species, habitats and foods.
These equations also provide a method to account for
the probability of food types being available for various
time periods from September through March. Specific
project-specific data that must be obtained prior to
using the manual model equations include number and
species of waterfowl present on the site; habitat types
and management of each respective habitat areaq;
composition, stand density, and tree size for forested
habitats; and frequency and duration of flooding by
area and habitat type.

Andy Vernon
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INTRODUCTION
Land and water resource development 1. The daily nutrient requirements of

projects conducted by the U.S. Army Corps
of Engineers (USACE) and other agencies/
entities offen need a quantitative method-
ology to determine incremental benefits, and
impacts, of project features on waterfowl
habitats and populations. Furthermore,
waterfowl managers require information to
determine potential carrying capacity of
local and regional landscapes (Prince 1979),
set habitat and acre goals for conservation
areas such as North American Waterfowl
Management Plan (NAWMP) Habitat Joint
Ventures (e.g., Heitmeyer 1989, Loesch et al.
1994, Reinecke and Baxter 1996), determine
impacts and mitigation requirements for land
and water development projects (Phillips
2003), and evaluate the effectiveness of
management actions and techniques (Fred-
rickson and Taylor 1982, Reinecke et al. 1989,
Laubhan and Fredrickson 1992, Anderson
and Smith 1999, Gray et al. 1999).

The basic question asked by the above
interests is:

“How many individual waterfowl will an
area/habitat type support during a particular
periode”

The answer to this fundamental question
requires information on:

waterfowl species present during different
periods of the year and annual cycle
events they are engaged in.

2. The amount of resources potentially
present in an area by habitat type.

3. The availability of resources in an area by
habitat type related to waterfowl species
foraging capabilities and climatic/hydro-
logical events.

Historically, waterfowl managers have
estimated habitat values and waterfowl pop-
ulation requirements by determining daily and
period-specific energy use of birds present,
or anficipated, in an area and the carrying
capacity of habitats in that area (e.g., Prince
1979). The concept of “duck-energy-days”,
commonly referred to as “duck-use-days”
(DUD), represents the energy needs of one
individual waterfowl! for one day. Waterfowl
use of habitats and resources in an area
depends on many factors, however, daily
energy requirements represents an essential
currency and continuity between an animal
and its environment and can be quantified in
an objective manner (King 1974). Estimates
of DUD vary in relation to: 1) species and sex,
mean body mass, and annual cycle events
of waterfowl; 2) area of specific habitats; 3)
amount of food produced and available to
waterfowl in various habitat types; 4) nutri-
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tional composition of food types; 5) the
efficiency of waterfowl in converting food
nutrients to metabolizable energy; 6) environ-
mental/climatic conditions; 7) decomposition
rates of food types; 8) consumption of foods
by non-waterfowl species, and 9) densities of
food at which waterfowl cease foraging due
to low foraging efficiency (often referred to as
a “giving up density”).




OBJECTIVES AND GENERAL ASSUMPTIONS

The objective of this manual is to identify
quantitative methodsto estimate DUD's, based
on daily energy requirements of waterfowl
species, to determine incremental benefits,
and impacts, of land and water resource
development projects on waterfowl habitats
and populations in the Mississippi  Alluvial
Valley (MAV) during the nonbreeding period
(September-March). The September to March
fime period is used to represent the non-
breeding period because migrant waterfowl
generally arrive and stay in the MAV during
this time; only a very small number of some
migrant species such as blue-winged teal,
shoveler, and ruddy duck are present in the
MAV outside of this fime in August and Agpril
(Bellrose 1980). This manual is not intended to
represent energy needs of waterfowl breeding
in the MAYV, including some species such as
wood ducks, hooded merganser, and some
locally-nesting mallards that may initiate
nesting as early as February or March.

The MAV is defined as the historic and
contemporary geomorphic surfaces formed
by fluvial dynamics of the historic Mississippi
River from ca. Cape Girardeau, Missouri
to the northern extent of the Deltaic and
Chenier Plains (Fig. 1). Many studies of food
production and availability in the MAV are
from northern parts of the MAV and no data
are provided in this manual from coastal

wetlands. Consequently, DUD equations
provided in this manual may be most precise
for the Upper portions of the MAYV, but other
areas, including sites outside of the MAV, also
can use model information if the habitats in
the area are similar to those in the MAV. For

Figure 1. The Mississippi Alluvial Valley, showing Quater-
nary geomorphic surfaces and delineation of the Upper MAV
regions pertaining to the Duck-Use-Day manual (modified
from Saucier 1994).
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example, floodplains in non-MAV portions of
the Red, Arkansas, Pearl, Obion, Forked Deer,
Hatchie, Black and other rivers have forested
habitats similar o MAV regions that are used
by large numbers of nonbreeding waterfowl.

This manual uses the basic concepts of
estimating DUD’s from resource abundance
in the MAV developed by the Lower Mis-
sissippi Valley Habitat Joint Venture of the
NAWMP (Loesch et al. 1994, Reinecke et al.
1989, Reinecke and Loesch 1996) and expands
data and model equations using contem-
porary data on: 1) daily energetic needs
of waterfowl species commonly present in
the MAV during the nonbreeding period; 2)
estimates of resource values and dynamics in
a complete array of MAV habitats and man-
agement scenarios; 3) estimates of energy
values of specific foods relative to different
species; and 4) seasonal and annual proba-
bilities of foods being available to waterfowl.

Generally, this manual provides estimates
of abundance and availability for specific
foods and habitats based on published sci-
entific literature, but some data come from
currently unpublished or limited access
sources. An attempt was made to review all
pertinent literature and report sources, but
some information may not have been iden-
tified, and future studies and publications
likely will help refine estimates. Estimates of
food abundancesreportedin the field studies
considered in this manual often varied sub-
stantially, and ranges of values and error prob-
ability were not always reported. This manual
provides estimates of food abundance and
availability fo be used in model equations
based on statistical means/medians of similar
studiesand/ordatafrommore comprehensive
and long-term investigations. For some foods
and habitats, few data/studies were available
and estimate values were chosen based on
assumed relationships of other similar foods or

Heitmeyer, M. E.

habitats. The manual recognizes that some
level of stochasticity exists for the estimates
used in the DUD models; however, the range
of probability expectation undoubtedly
varies among foods and habitats because of
the sometimes substantial differences in the
study estimates. Consequently, it is difficult
to suggest exact probability values, such as
standard of errors, for the selected estimates
of specific foods and habitats. Recognizing
this important statistical caveat, generally,
combined data from field studies used in
developing model values had standard error
levels that were < 20% level (e.g., Wehrle et
al. 1995).

Project-specific  information including
number and species of waterfowl present;
area,type,andmanagementofhabitats;com-
position, density and size of trees in forested
habitats; and occurrence, frequency and
duration of flooding by area and habitat type
is required prior to using the model equations
provided in this manual. Many techniques
are available to obtain these data, and it is
outside the scope of this manual to review all
fechniques or to recommend specific meth-
odologies. Likely, techniques may vary from
site to site based on project goals and objec-
tives, site conditions, and resources. At the
very least, project-specific data collection
and analyses should clearly state the assump-
tions of data collection methods.

Andy Vernon



DAILY ENERGETIC REQUIREMENTS OF WATERFOWL

Daily energy requirements of wild
waterfowl during the nonbreeding season
are based on the strong relationship between
body mass and basal metabolic rate (BMR)
within and among species of birds (Lasiewski
and Dawson 1967, King 1974, Aschoff and
Pohl 1970, Calder 1974, Prince 1979, Daan
et al. 1989, Miller and Eadie 2006). Models
of daily energy expenditure, and specific
annual cycle events, of free-living waterfowl
have been developed, assuming that total
daily energy cost is some multiple of BMR
(e.g., Fredrickson and Drobney 1979, Drent
and Daan 1980, Pienkowski et al. 1984, Daan
et al. 1990, Heitmeyer 2006q). Alternatively,
Resting Metabolic Rate (RMR) is a statistic that
accounts for varying conditions individual
birds are exposed o in experimental “test”
situations (Schmidt-Nielsen 1984, Bennett and
Harvey 1987) and may be more appropriate
for estimating DUD’s of wild waterfow! (Miller
and Eadie 2006).

BMR and RMR of waterfowl have been
estimated from equations related to:

1.  Non-passerine birds, where BMR (kcal/
day) = 73.5W°734 (Aschoff and Pohl 1970),
and where W is body mass of birds in kg.

2. Mallards in experimental and wild settings,
where BMR = 87.9W%7** (Prince 1979),
where W is body mass of birds in kg.

3. Literature calculations of allometric
equations from regression of RMR on
body mass for many waterfowl species
(Miller and Eadie 2006).

The latter allometric analyses represent
the most comprehensive evaluation of RMR
among many waterfowl species; the equation
for combined waterfowl species is:

RMR (kJ/day) = 422W0o-74
where W is body mass in kg.

This franslates into an equivalent equation
for kcal as:

RMR (Kcal/day) = 100.7 W07+
where W is body mass in kg
and assuming that
kJ = 4.185kcal
(Gabrielsen et al. 1991).

This allometric equation estimating RMR
for all waterfowl species, suggests former
estimates of RMR and thus daily energy
expenditures calculated from the Prince
(1979) and Aschoff and Pohl (1970) equations
may be underestimated by 25-30% during the
nonbreeding period. This manual, therefore
uses the Miller and Eadie (2006) allometric
equation for all waterfowl species to estimate
DUD’s of waterfowl in the Upper MAV and
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uses kcal as the energy currency to model
DUD because of the traditional use and con-
venience/availability of energy information
expressed in kcal in the scientific literature
pertaining to waterfowl.

Daily existence energy (DEE) require-
ments of wild waterfowl are actually some
multiple of RMR because costs of various daily
activities such as flight, swimming, courtship,
nutrient deposition, molt, etc. exceed resting
metabolism (Prince 1979). Prince (1979)
suggested that DEE for wild waterfowl was
about 3.4 times BMR/RMR, however this DEE
estimate does not account for increased
daily energy (and specific nutrient) needs
during physiological processes related to pro-
ductivity (King 1974, Ricklefs 1974) and energy
expensive annual events such as nutrient
deposition prior to, or immedi-
ately after, migration, pairing,
and molt that occur during
the nonbreeding season in the
Upper MAV (Heitmeyer 1988a,b;
Fredrickson and Heitmeyer 1988,

Heitmeyer, M. E.

RMR estimates (Miller and Eadie 2006), and
accounting for additional energy require-
ments of waterfowl during migration, molt,
and pairing during winter, suggests DEE of
waterfow! during the nonbreeding season is
at least 4x RMR.

DEE's for waterfowl species commonly
present in the MAV were calculated from
published body mass and RMR equations
(Table 1). Mean body mass of species was cal-
culated from datain Bellrose (1980). Estimated
mean body masses were weighted by per-
centage of the species in the Upper MAV
that were juveniles (estimated at 80% adult
from Raftovich et al. 2009) and male:female
proportions of species groups (55% male in
Anas and Aix; 65% in Aythya, Bucephla, and
Mergus; and 50% in geese, Bellrose et al. 1961,

Table 1. Mean weighted body mass (kg), estimated resting metabolic rate
(RMR in kcal/day), and daily existence energy (DEE in kcal/day) of common
waterfowl species present in the Mississippi Alluvial Valley during the
nonbreeding season. See text for calculations.

Heitmeyer 2002). Many acfiv-  gpecies Weighted Body Mass RMR DEE
ities in the nonbreeding season
involve substantial flying (Dugger 2”0'(3 o 2 1668 466,64
. anvaspaci . . .
1990, Cox and Af’ror\ 2000, Il?ows Mallard 117 11311 452 44
et al. 2009), which is 10-12 times  Redhead 1.03 102.93 411.72
BMR, and extensive swimming Northern pintail 0.94 96.19 384.76
(up to 5 times BMR), and foraging ~ ¢adwall 089 92.38 36952
ft to 80% of diel American wigeon 0.79 84.58 338.32
offen occupy Up 10 6U% OF diel | esser scaup 0.79 84.58 338.32
activities during some periods  Ring-necked duck 0.71 78.16 312.64
in winter (Prince 1979, Heitmeyer Hooded merganser 0.70 77.34 309.36
1985, Paulus 1988). Field data ~ \/0od duck 007 s 29948
. Northern shoveler 0.65 73.21 292.84
from maillards in the Upper MAV g trehead 0.44 54.85 219.40
during winter suggest that use  Blue-winged teal 0.42 52.99 211.96
of the 3.4x multiplier for RMR fo Green-winged teal 0.31 42.33 169.32
estimate DEE may be underes- Geese
fimated by 33-39%, based on  giant canada goose 517 33064  1,358.56
Prince’s (1979) equation of BMR  Interior Canada goose 3.17 236.49 945.96
(HeiTmeyer 20060). Adjus’ring White-fronted goose 2.63 205.97 823.88
. . Lesser snow goose 2.51 198.97 795.88
former BMR estimates (Prince Ross' goose 168 147.83 591 32

1979) to the more contemporary
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Bellrose 1980). DEE was assumed to be 4x RMR,
which probably is very conservative, based
on the extensive literature documenting large
amounts of fime nonbreeding waterfowl
spend in energetically expensive activities
such as flying, swimming, and courtship in
generally colder temperature periods of late
fall, winter, and early spring (e.g., Paulus 1988).
These DEE calculations (Table 1) provide the
basis for estimating energetic requirements of
waterfowl in the MAV and subsequent calcu-
lations of DUD.

Frank Nelson

Frank Nelson
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HABITAT TYPES, RESOURCE ABUNDANCE, AND
AVAILABILITY TO WATERFOWL

HABITAT DESCRIPTIONS

The primary habitat/community types in
the non-coastal part of the MAV are: 1) Bot-
tomland Hardwood Forest (BLH), 2) Flood-
plain Forest, 3) Riverfront Forest, 4) Seasonal
Herbaceous including Bottomland Prairie,
5) Persistent Emergent, 6) Shrub/Scrub, 7)
Dead Timber, 8) Open Water/Aquatic, and
9) Agricultural Fields (e.g., Fredrickson 1979,
Heitmeyer 2008a). Certain of these habitat
types have subdivisions, for example agri-
cultural cropland might be flooded or dry
corn, soybeans, grain sorghum (milo), rice,
etc. Brief descriptions of these habitats are
provided below:

BLH

BLH includes a gradient of forest types
(Fig. 2) related to elevation and frequency
of looding in MAV floodplains and Holocene
terraces (Fredrickson 1979; Heitmeyer et al.
1989, 2002, 2006; Heitmeyer 2006b, Klimas
et al. 2009). Cypress-Tupelo habitats occur
in the lowest elevations and are flooded for
extended periods during the year and occa-
sionally are flooded year round. Flooding
usually is at least 3 months duration and soils
are saturated almost constantly. Vegetationin
Cypress-Tupelo habitats is tolerant of flooding
butneedsoccasionaldrying periodsforregen-

Figure 2. Schematic cross-section of forested wetlands in
the Upper Mississippi Alluvial Valley, showing the distribution
of woody plants relative to flooding regimes. 1 = 10-year
flood frequency, 2 = mean annual high water level, 3 = mean
annual low water level. A = permanently flooded, B = 6-10
months annual flooding, C = 3-6 months annual flooding, D =
1-6 months annual flooding, E = 0-2 months annual flooding,
and F = 5-10 year flood frequency. Modified from Fredrick-
son 1979 and Batema et al. 2005.
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eration. Baldcypress and water tupelo are
dominant species. Cypress/tupelo habitats
occur in a variety of locations including
abandoned channels, isolated depressions,
deep swales in point-bar deposits, and along
drainages (Klimas et al. 2009).

Low BLH occurs in low elevations that
typically flood each year and have extended
soil saturation. Flooding and soil saturation is
not as extended as in Cypress-Tupelo sites
and low BLH habitats typically are flooded for
1-3 months usually from December to March.
Low BLH habitats are almost entirely within
the 2-year flood frequency
zone predominantly  on
backswamp deposits, swales
inpointbars, and abandoned
courses. Dominant  veg-
etation includes green ash,
cedar elm, water hickory,
overcup oak, water locust,
buttonbush, and swamp
privet (Heitmeyer et al. 2006).

Intermediate BLH habitats

occur in floodplain locations that are flooded
on average for a few weeks to 1-2 months
annually during the dormant season and
early spring. Soil saturation in these sites often
is extended for 2-3 months. Most Intermediate
BLH are between the 2-5 year flood frequency
zone and some higher sites may not flood
every year. Intermediate BLH is present mostly
in backswamp and higher point bar surfaces
and on the edges of some abandoned
courses (Klimas et al. 2009). Dominant veg-
etation in Infermediate BLH sites includes sug-
arberry, American elm, Nuttall oak, pin ock,
willow oak, and sweetgum.

High BLH habitats occur in the highest
elevation floodplain and natural levee sites
that, at least historically, were flooded for up
to a few weeks during some years, usually

Heitmeyer, M. E.

during high flow events on the Mississippi
River and its ftributaries. High BLH occa-
sionally may go several years between flood
events, however, soils are saturated for some
periods annually (Heitmeyer et al. 1989). High
BLH commonly are called “flats” or “terrace
hardwoods” and they occur mostly on
higher elevation point bars, older floodplain
terraces, and natural levees (Klimas et al.
2009). Generally, the dividing point between
Intermediate and High BLH is the 5-year
flood frequency contour. Dominant species
in High BLH includes water oak, willow oak,
cherrybark oak, Delta post oak, hickories,
and sweetgum.

BLH in the MAV is present
in naturally flooded and
managed flooded condifions.
Greentree reservoirs (GITRs)
are tracts of BLH that have
at least some water-control
infrastructure (usually levees
and water-control structures)
capable of intentionally
flooding and holding surface
water on the site (Fredrickson and Batema
1992). Water supply to GTRs is variable and
includes both natural runoff and overbank
flooding and externalwatersourcesfromwells
or pumps. Typically, GIRs are intentionally
flooded in fall prior to, or during, waterfowl
hunting seasons and water is drained from
these sites from late winter through spring.
Individual GTRs employ various water regime
schedules, and current management phi-
losophy suggests later and shorter duration
flooding that emulates natural hydrology
within regions (e.g., Heitmeyer et al. 2004).

Frank Nelson

Floodplain Forest

Floodplain Forest historically covered
large expanses of MAV floodplains on point
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bar surfaces and along tributary streams (e.g.,
Heitmeyer 2008a). This forest type represents
a fransition zone from early succession River-
front Forestlocated on coarse-sediment chute
and bar surfaces to BLH forests that occurred
in clay-type soils in backswamps and flood-
plain depressions. Most Floodplain Forest is
within the 1-2 year flood frequency zone and
is dominated by elm, ash sweetgum, sugar-
berry, and box elder, but includes many other
minor species depending on elevation and
soil type. Higher elevation ridges and older
remnant natural levees often contain pecan,
pin and swamp chestnhut oak, honey locust,
and scattered hickory. Low swales contain a
mix of more water tolerant species such as
willow, cottonwood, maple, and sycamore
on coarser sediments to oak, ash, sweetgum,
and inclusions of tupelo and baldcypress in
swales with clay-type soils. Almost all Flood-
plain Forest in the MAV is naturally flooded
from overbank flows of drainages.

Riverfront Forest

Riverfront Forest (also called River-Edge
Forest in some older botanical literature) is
present on chute and bar surfaces, some
point bar areas, near the current channels of
the Mississippi and fributary rivers, and along
the edges of some abandoned channels in
the MAV (Heitmeyer et al. 2002, Heitmeyer
2008q). These geomorphic surfaces contain
recently accreted lands and are sites where
river flows actively scoured and deposited
silt, sand, gravel, and some organic material
within the last decade orso. This forest type is
dominated by early succession species such
as willow and silver maple in low elevations
to elm, ash, cottonwood, sycamore, pecan,
and sugarberry on ridges. Swamp white
oak and pin oak occasionally are present
in some higher elevations, but these species
have high mortality during extended flood

11

events and oak patches usually are small
and scattered. Shrubs and herbaceous veg-
etation are sparse in these habitats near
rivers, but dense tangles of vines, shrubs,
and herbaceous vegetation are present on
higher elevations away from the river where
alluvial silts were deposited. Riverfront Forest
is within the 1-year flood frequency flood-
plain in most MAV areas (Klimas et al. 2005,
Heitmeyer 2008).

Seasonal Herbaceous and Bottomland
Prairie Wetlands

Seasonal Herbaceous and Bottomland
Prairie habitats are present in small depres-
sions, old Holocene terraces, intervening
valley train ridges, and floodplain edges in
the MAV (Heitmeyer et al. 2000, Heitmeyer
2008a). These sites contain saturated soils

Frank Nelson

and short periods of surface flooding that
support annual and perennial herbaceous
and grass species. Some Seasonal Herba-
ceous wetlands are small basin depres-
sions that receive water mainly from surface
sheetflow runoff following local rains. These
wetlands typically are flooded for short
periods each year from winter to early
summer depending on timing of rainfall and
occasional overbank/backwater flooding
from local drainages. A gradient of vege-
fation species occurs from low depressions,
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which contain a wide diversity of annual and
perennial herbaceous “moist-soil” plants to
higher grassland that contains many prairie
type species. Soils on prairie terraces often
have animpermeable clay layer 18-24 inches
below the surface, which allows seasonal
basins fo hold water while simultaneously
retarding tree growth.

Seasonally  flooded  impoundments
(often called *moist-soil” impoundments) are
commonly used in the MAV to promote and
sustain seasonal her-
baceous plant com-
munities (Fredrickson
and Taylor 1982).

These impoundments
typically have water-
control infrastructure
that allows managers
fo infentionally flood
and drain the site to

create various soil
and flooding con-
ditions that facil-

itate germination of

desired plants and dis-

courage other plants

that are less valuable

for waterfowl. Many disturbance techniques
are used in these impoundments including
flooding/drainage, soil tillage, burning, and
mowing. The infensity of management in
moist-soil impoundments often is great.

Persistent Emergent

Small areas of some non-forested
wetlands in the MAV contain Persistent
Emergent vegetation communities. This

habitat type is a relatively minor component
of the MAV landscape, and usually is restricted
to isolated areas or narrow bands along
the edges of larger Open Water/Aquatic

Heitmeyer, M. E.

sites where semipermanently flooded water
regimes occur. If waterregimes become more
permanent then the sites transition intfo Open
Water/Aquatic habitats with occasional small
inclusions of residual Cypress-Tupelo, Persistent
Emergent, or S/S plant species. Moreover,
most semipermanently flooded areas in the
MAV support Cypress-Tupelo or S/S habitats
and do not become populated with Persistent
Emergent species. Examples of Persistent
Emergent habitats in the MAV are bands of
water willow along the edges of Reelfoot
Lake (Smith and Pitts
1981), isolated stands
of giant cutgrass in
Monopoly Marsh on
Mingo National Wildlife
Refuge (U.S. Fish and
Wildlife Service 2007),
and narrow bands of
cattail or river bulrush
along some drainage
ditches and older
abandoned channels
in the northern MAV
(Heitmeyer 20080q).

Karen Kyle

Shrubb/Scrub

Shrub/Scrub (S/S) communities contain
woody shrub species in areas that have
extensive flooding, but some annual drying
in most years (Heitmeyer et al. 1989). §/S
often occurs as narrow bands along the
edges of depressions, abandoned channels,
and sloughs/swales. This zone represents the
tfransition area from more frequently and
prolonged flooding to higher and drier BLH
and other forest communities. S/S habitats
typically are flooded a few inches fo 2-3
feet for extended periods each year except
in extremely dry years. These habitats are
dominated by buttonbush, swamp privet,
willow and other shrubs.
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Dead Timber

As the name implies, Dead Timber
habitats are former forest areas that have died
and the dead trees are in various degrees of
decomposition (e.g., Heitmeyer et al. 1989).
The typical cause of death in these former
forest areas is extended flooding for several
years during the growing season (Heitmeyer
et al. 1989, Heitmeyer 2006b). As forest canopy
decreases and flooding is prolonged, the veg-
etation in Dead Timber sites usually changes
to §/S, herbaceous, and aquatic-type com-
munities. Vegetation composition can range
fromm dense buttonbush to open water with
abundant submerged aquatic vegetation.
Dead Timber sites include beaver ponds,
blocked drainages, impounded forest areas,
and other inundated forest areas.

Open Water/Aquatic

Many areas within the MAV contain
deeper water areas that are flooded for
extended periods in all but the driest years
(Fredrickson and Heitmeyer 1988). These sites
usually do not support herbaceous, persistent
emergent or woody plant species because of
the prolonged yearly flooding. These habitats
often contain abundant submerged aquatic
vegetation, floating-leaved plants, and
algae. These habitats often are in abandoned
channels (oxbows) of historic drainages,
deeper depressions in Holocene floodplain
scoured areas, and backwaters/side chutes
of current drainages.

Agricultural Fields

Agricultural habitats used by waterfowl
in the MAV are mostly grain fields that have
been harvested or are intentionally left unhar-
vested. Typical grain cropsin the MAV include
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corn, soybeans, milo, rice, and wheat. Small
areas of cropland may be unharvested in
winter because of climatic events (e.g., floods)
or intentional provision of food for waterfowl
on public or private lands. Some agricultural
fields are intentionally looded during fall and
winter to provide waterfowl foraging habitat
using water-control infrastructure used in crop
production (e.g., rice levees and checks) or
small berms/structures installed in fields. The
proportion of agricultural fields intentionally
flooded in the MAV is < 10% of all fields (Uihlein
2000).

POTENTIAL FOOD ABUNDANCE IN
HABITATS

Availability of food to waterfowl in MAV
habitats varies among species depending on
their behavioral/morphological adaptations
andalsoamongseasonsandyearsdepending
on annual temperature and rainfall, growing
season days and latitudinal position, timing
of floods or droughts, depth of water, con-
sumption by other wildlife (e.g., blackbirds),
and composition of vegetation/invertebrates.
Waterfowl! foods in MAV habitats are classified
in the following groups:

1. Mast (hard and soft)
2. Invertebrates and zooplankton
3. Seeds from herbaceous and aquatic plants
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Table 2. Primary use of food types® by waterfowl during the nonbreeding season in the Mississippi Alluvial Valley
(adapted from Bellrose 1980, Fredrickson and Heitmeyer 1988, Heitmeyer 2002).

Species HSD AQSD Mast

BEGD ABGD

AQP INV SMV  AGR AGB

Ducks

Mallard

Pintail

Gadwall

American wigeon
Northern shoveler
Blue-winged teal
Green-winged teal
Wood duck
Canvasback
Redhead

Lesser scaup X
Ring-necked duck
Bufflehead X
Hooded merganser

X

X X X X X X X X
x

x
X X X X X

Geese

Canada goose X
White-fronted goose
Lesser snow goose

Ross goose

X X X X

X X X X X X X X X X X X X X

X X X X
X X X X
X X X X

@ HSD — herbaceous plant seeds, AQSD — aquatic plant seeds, Mast — acorns and pecans, BEGD — below ground
tubers, etc., ABGD — above ground browse, AQP — aquatic plants, INV — invertebrates, SMV — small vertebrate, AGR

— agricultural grains, AGB — agricultural browse.

Below-ground tubers, roots, rhizomes
Above-ground browse

Aquatic plants and algae

Small vertebrates

Agricultural grains and browse

® N oo

The relative preference/consumption of
these food groups and use of habitats varies
among waterfowl species (Table 2) and
the annual event individual waterfowl are
engaged in (e.g., Heitmeyer and Fredrickson
1990, Heitmeyer 2002). Recognizing foraging
dynamics and differences among waterfowl
species is important because not all foods
present in MAV habitat types are consumed
by, or available to, all species. Consequently,
calculating DUD's for waterfowl in the MAV

requires matching abundance and avail-
ability of specific food types by habitat type
(Table 3) to appropriate species (Table 2).
For example, food abundance and habitat
values for hooded mergansers primarily are
a function of small vertebrate and inver-
tebrate foods in forest and Open Water/
Aquatic habitats. In contrast, green-winged
tfeal use mostly seed and invertebrate foods
in Seasonal Herbaceous Wetlands.

General Data Considerations for
Estimating Food Abundance

MAV  habitats  provide  abundant
and diverse foods, with specific potential
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Table 3.
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Presence of major food types® consumed by waterfowl during the nonbreeding season in the

Mississippi Alluvial Valley in relation to habitat type (adapted from Fredrickson and Heitmeyer 1988, Heitmeyer

et al. 2005).

Habitat® HSD AQSD Mast

BEGD ABGD

AQP INV SMV  AGR AGB

BLH-NF
BLH-GTR
Cypress-Tupelo X
Floodplain forest
Riverfront forest
Dead timber
Shrub/scrub
SHM-managed
SHM-unmanaged
Persistent Emergent
OW-AQ

Agricultural X

X X X X X X X X X
x X X
X X X X X X X X X

X X X X X X

X X X X X X X X X

X X X X

X X X X X X
X X X X X X X X X X X X

X X

# HSD — herbaceous plant seeds, AQSD — aquatic plant seeds, Mast — acorns and pecans, BEGD — below
ground tubers, etc., ABGD — above ground browse, AQP — aquatic plants, INV — invertebrates, SMV — small
vertebrate, AGR — agricultural grains, AGB — agricultural browse.

® BLH-NF — bottomland hardwood forest naturally flooded, BLH-GTR — bottomland hardwood forests greentree
reservoir, SHM — seasonal herbaceous, OW-AQ - open water/aquatic.

waterfow! forage items being provided in
various habitats (Table 3). Unfortunately, few
long-term studies have estimated annual pro-
duction of various food types in MAV habitat
types. Consequently, estimates of food pro-
duction and availability often are based on
short time periods, period-specific habitat
conditions (e.g., flooding regimes, man-
agement practices, plant species compo-
sition), or similar habitats in non-MAV locations
that may or may not accurately reflect rep-
resentative conditions throughout the MAV
or long-term dynamics of production. Fur-
thermore, studies and estimates of annual pro-
duction of specific types of foods (e.g., small
vertebrates, zooplankton, algae, submerged
aquatic plants, above-ground browse) are
lacking for many, or all, habitats. General-
izing annual production data within habitat
types given the heterogeneity of geogra-
phies within the MAV also is difficult, and
extremes of production (either good or poor)
are associated with many abiotic and biotic
factors. Recognizing the many caveats of

production data, means and ranges of pro-
duction from various studies are presented
where available and an attempt is made to
provide areasonable, usually presumed to be
conservative, estimate of average potential
annual food production among habitat
types. Undoubtedly, future investigation will
refine, and provide, more accurate and
reliable quantification of, these estimates.

Hard and Soft Mast

Forest communities in the MAV produce
abundant hard and soft mast. The compo-
sition of forest communities greatly affects
amount and distribution of these foods. For
example, red oak composition, tree size,
health, and flooding regime (managed
and natural) affect acorn production (e.g.,
see review in Brakhage 1966, McQuilkin and
Musbach 1977). Acorns are a primary food for
several waterfowl species in the MAV (Table
2), with smaller acorns being preferred at least
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Table 4. Average annual production of pin oak acorns (kg/ha) in a greentree reservoir (GTR) and
naturally flooded stand of bottomland hardwood forest in southeast Missouri related to stocking
density and size of pin oak trees in the stand (data adapted from McQuilkin and Musbach 1977).

Stocking Density Small-tree Large-tree Mean
GTR

Low 140.84 177.45 159.20
Medium 132.87 164.29 148.58
High 187.97 199.69 193.83
Mean 153.89 180.44 167.17

Naturally Flooded

Low 136.10 252.93 194.49
Medium 129.92 218.95 169.93
High 123.25 214.85 169.05
Mean 126.78 228.90 177.78

Table 5. Mean annual Nuttall oak acorn production in a greentree reservoir in
western Mississippi in relation to tree size (adapted from Francis 1983).

Tree Size
Variable Small Medium Large Extra Large
Acorns/ft® tree crown 0.14 0.40 0.44 0.48
Dry wt (g)/ft3 tree crown 0.32 1.08 1.03 1.08
Acorns/tree 104 638 790 1,225
Dry wt (g)/tree 229 1,535 1,576 2,990

Table 6. Mean annual Nuttall oak acorn production in naturally flooded and
greentree reservoir (GTR) habitats in western Mississippi (adapted from
Francis 1983).

Variable Naturally flooded GTR
Dry wt (g)/ ft® of crown 1.11 0.64
Number acorns/ft> of crown 0.44 0.29
Dry wt (g)/tree 2,232 933

Number of acorns/tree 958 422
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by wood ducks (Barras et al. 1996). Typically,
acorns that fall to the ground/water from pin,
water, willow, southern red, Nuttall, and cher-
rybark oak trees are potential foods for some
species, especially mallards and wood ducks
(Heitmeyer 2002). Overcup oak acorns also
are readily consumed by ducks if they are
small enough for birds to assimilate. Data from
overcup acorns in central Arkansas suggest
about 20% of overcup acorns produced each
year are small enough for mallards to eat
(Heitmeyer, unpublished data).

Only one long-term study of pin oak
acorn production has been conducted in the
Upper MAV, anditincluded a highly managed
GIR and nearby natfurally flooded BLH
tract in southeastern Missouri (Minckler and
McDermott 1960, Minckler and Janes 1965,
McQuilkin and Musbach 1977). Annual pin oak
acorn production (sound, non-insect infested
acorns) averaged 172 kg/ha for combined
GIR and naturally flooded BLH areas from
1956 to 1969 (see Journal of Wildlife Man-
agement Errata: 1977 91:597), but varied from
< 10 kg/ha to > 400 kg/ha during the period.
Annual production averaged 179.9 kg/ha in
GTRs and 191.6 kg/ha in naturally flooded BLH;
size and density of red oak stands significantly
influenced production (Table 4). The Missouri
study did not estimate acorn production from
non-pin oak species and therefore was not

Mickey Heitmeyer
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Table 7. Estimated acorn production (kg/ha) dropped to the
ground for Nuttall, willow, and overcup oak in the East and
West parts of the 640 greentree reservoir, Cornerstone

Farms, Jefferson County, Arkansas (adapted from
Heitmeyer and McGeorge 2009).
Area and
Year Nuttall Willow Overcup® Combined
East
2005 95.8 160.9 169.8 426.4
2006 124.2 219.3 81.5 425.0
2007 424.5 112.3 1.5 548.4
2008 66.4 55.1 3.8 130.8
Mean 177.7 136.9 64.1 382.6
West
2006 128.0 155.2 0.6 283.9
2007 609.0 172.7 255 807.1
2008 2121 74.0 0.3 286.5
Mean 316.4 134.0 8.8 459.2

@ Estimate for overcup oak is adjusted for 20% of total acorn

a complete accounting of total mast pro-
duction potentially available to waterfowl in
the study areas.

Nuttall oak acorn production (extrapo-
lated from data presented in Francis 1983)
from naturally looded and GIR sites in western
Mississippi averaged about 200-250 kg/ha in
a 5 year study and confirmed that acorn pro-
duction was strongly related to tree size (Table
5) and flooding management (Table 6). This
study also did not estimate acorn production
from other oak species in natural stands.

In contrast to the Missouri and Missis-
sippi studies, combined Nuttall, willow, and
overcup oak (adjusted for size consumable
by mallards) acorn production was estimated
in a GTR in central Arkansas during four years,
2005-2008, and averaged 420 kg/ha/year,
ranging from 131 to 807 kg/ha among years
and locations (Table 7). The Arkansas study
also documented that acorn production of
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Table 8.

oak species), and average tree size used in duck-use-day models

Estimated mean annual acorn production (kg/ha) falling to the ground, of a size
consumable to mallards and wood ducks, in bottomland hardwood forest stands in relation to
whether the site was naturally flooded or in a greentree reservoir, density (basal area, ft? of red

Heitmeyer, M. E.

a conservative estimate
for this habitat.

No study to date has

Flooding regime and

Size of trees in a stand

estimated pecan or soft

Basal area

Small Medium Large Combined mast (e'g., maple, elm
Naturally flooded samaras) production in
MAV forests. Where ash
30-40 250 275 300 275 and maple comprise

50-60 275 300 325 300
>75 325 350 375 350 larger parts  of  MAV
Mean 283 308 333 300 forests, such as in Cypress-
Greentree reseroir Tupelo, I?werfron’r Forest,
Floodplain Forest and S/
30-40 200 225 250 225 S, substantial soft mast is

50-60 225 250 275 250
>75 275 300 325 300 produced annually and

Mean 233 258 283 250

is readily consumed by

Nufttall, willow, and overcup oak was related
to tree size, past water management, and
stand density and composition.

All of the above acorn studies demon-
strated that size and density of red oaks in
BLH affects annual acorn production, conse-
quently estimates of acorn production in BLH
in the MAV must account for this covariance.
Given the relative paucity of data on acorn
production over widely divergent BLH areas in
the MAV, this manual uses annual averages
of acorn production based on management
regime, free size, and basal area in the areas
studied to date (Table 8). Little or no acorn
production occurs in Cypress-Tupelo, Dead
Timber, or S/S habitats. Hard mast production
in Floodplain and Riverfront Forest commu-
nities is unknown and depends on proportion
of red oak, overcup oak, and pecan in sites.
Extrapolating the above BLH data (Table 8)
to Floodplain Forests that typically contains <
10% red oak and pecan (Heitmeyer 20080q),
suggests hard mast production is < 50 kg/ha
in these habitats. Riverfront Forest typically
contains only scattered oak and pecan and
10 kg/ha hard mast productionis suggested as

some duckspeciessuchas
prebreeding wood ducks
(Drobney and Fredrickson 1979). Likewise,
GITRs that have been flooded for prolonged
periodsovermany years oftenhave expanded
composition of ash and maple and produce
considerable soft mast (Heitmeyer et al. 2004).
Although no estimates of annual soft mast pro-
duction are available from the MAYV, this mast
production occurs in spring and summer, and
therefore is only available in small quantifies
to waterfowl during early spring and is con-
sidered a negligible food for nonbreeding
waterfowl in this manual.

Aquatic Invertebrates and Zooplankton

Annual production of aquatic/benthic
invertebrates in MAV habitats is variable
among locations, seasons, years, man-
agement regimes, and plant composition
(Batema 1987, Fredrickson and Reid 1988aq,
Magee et al. 1999, Batema et al. 20095).
Naturally looded BLH has relatively high pro-
duction compared to most other MAV habitats
apparently because of its seasonal hydrope-
riods, warm temperate climate, and large
annual inputs to detrital litter (Krull and Hubert
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Table 9. Estimates of annual production (kg/ha) of aquatic/benthic invertebrates during fall and
winter in various habitats and locations in the Mississippi River Valley.

Habitat Type Production Reference
Naturally-flooded BLH 43.7-80.0 Wehrle et al. 1995
38.9° White 1982
GTR 41.6° White 1982
111 Duffy and LaBar 1994
9.8-10.7 Wehrle et al. 1995
Clear cut BLH 0.4-2.7 Wehrle et al. 1995
Shrub/scrub willow-managed 110.0 Magee et al. 1993
Shrub/scrub willow-unmanaged 20-50 Magee et al. 1993
Dead Timber beaver pond 29.3 Duffy and LaBar 1994
Moist-soil impoundments 11.9-61.1 Augustin and Grubaugh
Unpublished ms.
19.0 Duffy and LaBar 1994

Table 10. Estimated annual production (kg/ha) of major food types® potentially available to be consumed by
waterfowl during the nonbreeding season in the Mississippi Alluvial Valley in relation to habitat type and used in
duck-use-day models.

Habitat® HSD AQSD Mast BEGD ABGD AQP INV SMV AGR AGB
BLH-NF ° ¢ e 40

BLH-GTR ° ¢ e 20

Cypress-Tupelo 20 100 30

Floodplain forest ¢ 50 € 30

Riverfront forest ¢ 10 € 30

Dead timber 150 20 € 100 30

Shrub/scrub 150 20 € 100 50

SHM-managed f f e 50 50 50

SHM-unmanaged f f e 50 50 30

OW-AQ 150 50 100 20

Persistent Emergent 200 20 100 20

Agricultural 10 5 g g

@ HSD — herbaceous plant seeds, AQSD — aquatic plant seeds, Mast — acorns and pecans, BEGD — below ground
tubers, etc., ABGD — above ground browse, AQP — aquatic plants, INV — invertebrates, SMV — small vertebrate,
AGR - agricultural grains, AGB — agricultural browse.

® BLH-NF — bottomland hardwood forest naturally flooded, BLH-GTR — bottomland hardwood forests greentree
reservoir, SHM — seasonal herbaceous, OW-AQ — open water/aquatic.

€21, 42, and 84 kg/ha for forests with 5%, 10%, and 20+% tree gaps and canopy openings.

? See Table 8.

€ Assumed to be 10% of HSD seed production.

"See Table 12.

9 Average of 290, 80, 150, and 150 kg/ha waste grain for corn, soybeans, milo, and rice, respectively, assuming
4% waste grain is left in fields immediately after harvest. Average of 300 kg/ha for winter wheat browse

19
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1973, Batema et al. 2005). Naturally flooded
BLH apparently has higher annual inverte-
brate production than GTRs (Table 9). Inver-
tebrate production in MAV naturally flooded
BLH ranged from ca. 20 kg/ha in southeastern
Missouri (White 1982, 1985) to > 80 kg/ha at
sites in the Delta National Forest of Missis-
sippi (Wehrle et al. 1995). Production in GTRs
at these locations averaged about 13.7
kg/ha in Missouri and 10.7 kg/ha in
Mississippi. Another study of GTRs

in Mississippi estimated annual
production of aquatic inverte-

brates at 11.1 kg/ha (Duffy and

LaBar 1994). Invertebrate production

in clear-cut BLH in Mississippi averaged < 2
kg/ha (Wehrle et al. 1995) and Dead Timber
beaver pond habitats had about 29 kg/ha
production (Duffy and LaBar 1994). Willow-
dominated wetlands that are similar to S/S
and Riverfront Forest habitats in the MAV had
about 110 kg/ha production in managed sites
and 20-50 kg/ha production in unmanaged
areas. Production in Cypress-Tupelo, Flood-
plain Forest and Riverfront Forest habitats
likely is near or slightly lower than BLH (Sklar
1985, Gladden and Smock 1990).

Extrapolating data from the various
studies, thismanual uses 40 kg/ha as average
invertebrate production in naturally flooded
BLH, 20 kg/ha production in GTRs, 30 kg/hain
Dead Timber, Cypress-Tupelo, and Riverfront

Heitmeyer, M. E.

Forest habitats and 50 kg/ha in §/S commu-
nities (Table 10). Naturally flooded Flood-
plain Forest may be between BLH and more
willow dominated sites and 30 kg/ha seems
a reasonable estimate for these habitats
(Table 10).

Aquatic invertebrate production in
Seasonal Herbaceous, Persistent Emergent,
and Open Water/Aquatic wetlands is
quite variable depending on water
regime, vegetation composition,
and management (Fredrickson
and Taylor 1982, de Szalay and Resh
1997, Magee et al. 1999). Estimates of aquatic
invertebrate production in Seasonal Herba-
ceous wetlands in the MAV range from 12
to 60 kg/ha (Table 9). Apparently, actively
managed moist soil impoundments produce
more invertebrates than naturally flooded
herbaceous wetlands (Magee et al. 1999,
Fredrickson 1996, Batema et al. 2005). Little
information is available on invertebrate pro-
ductionin Persistent Emergent or Open Water/
Aquaftic habitats in the MAYV, but studies in
similar habitats in northern areas indicate that
more prolonged water regimes, including
semipermanent flooding, reduces density,
biomass, and diversity of dominant inver-
tebrate taxa (Reid 1983, Neckles et al. 1990,
Murkin and Ross 2000). Given the relatively
sparse information from the MAYV, this manual
uses invertebrate production values of 50 kg/
ha in actively managed moist-soil impound-
ments, 30 kg/ha in naturally looded Seasonal
Herbaceous wetlands, and _ 20 kg/
ha in Persistent Emergent % jga
and Open Water/Aquatic / T ‘-“'
%@é

fields have very depau-
perate invertebrate commu-
nities; e.g., flooded harvested -
soybean fields averaged less than 5
kg/ha in Tennessee (Augustin and Grubaugh,
unpublished ms).
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Table 11.
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Estimates of annual production (kg/ha) of seeds from herbaceous plants in managed and

unmanaged seasonal herbaceous wetlands in various locations in the central United States.

Location Plant seeds®

Mean or range Reference

Managed Impoundments

NW TX Smartweeds

Millet

Curly dock
IL River Valley Total

Millet

10 non-millet
SE MO Total

Total
Central AR Total
West MS Total
Central MS Total
Various MAV Total®

Unmanaged or passively managed

NW TX Smartweeds
Millet
Curly dock
IL River Valley Total
SE MO Total
Central MS Total
NE LA Total
Various MAV Total

532-730 Haukos and Smith 1993

346

1,233

1,454 Bowyer et al. 2005

3,155 Low and Bellrose 1944

653 Low and Bellrose 1944

1,629 Fredrickson and Taylor
1982

2,200 Davis in Fredrickson
1996

253-1,288 Moser et al. 1990

331-1,084 Reinecke and Hartke
2005

550-2,050 Gray et al. 1999

238-1,985 Kross 2006, Kross et al.
2008a

55-105 Haukos and Smith 1993

45

703

497 Bowyer et al. 2005

50-785 Fredrickson and Taylor
1982

100 Gray et al. 1999

226-312 McAbee 1994

437 Kross 2006, Kross et al.

2008a

@ Smartweed is combined Polygonum lapathifolium and Polygonum pensylvanicum. Millet is combined
Echnichloa species. Curly dock is Rumex crispus. Total is combined seeds measured or studied — see

references.
P Combined seeds and tubers.

No estimates for zooplankton biomass
are available for MAV habitats, but these
animals represent important foods for
shoveler and blue-winged teal (e.g., Taylor
1978, Heitmeyer 2002). Concentrations of
Cladocera, Copepoda, Ostracoda, and
Nauplii ranged from 29 to 864/L in GIRs and
from 133 to 288/L in a Dead Timber reservoir in
southeast Missouri (Wylie 1985). Zooplankton
abundance in both habitats gradually

increased from fall to spring. This manual
does not include a separate estimate of
annual zooplankton biomass among MAV
habitats, but, zooplankton represents some
unknown additional value of nonforested
habitats to meeting DUD’s of at least shoveler
and blue-winged teal.

Current estimates of invertebrates in the
MAV undoubtedly underestimate total inver-
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tebrate production and availability because
they do notinclude zooplankton (see above)
or terrestrial invertebrates such as insects,
spiders, earthworms, etc. that occur in
wetlands during certain seasons and events.
For example, mallards consume large quan-
tities of insects in Seasonal Herbaceous
wetlands during fall and also forage exten-
sivelyonmany terrestrialspecies duringwinter
floods in BLH (Heitmeyer 1985, Heitmeyer
2006a). Certain habitats that are at higher
elevations and only occasionally flood such
as High BLH and Floodplain Forest probably
have high biomass of terrestrial invertebrates
that may periodically be available to, and
consumed by, waterfowl. Consequently, the
above estimates of potential invertebrate
biomass in the MAV may be quite conser-
vative.

Seeds

Seeds from wetland plants comprise
a large part of the diets of many waterfowl

Table 12. Estimated mean annual seed production (kg/ha) from
herbaceous plants potentially available to nonbreeding
waterfowl in seasonal herbaceous wetlands in relation to
management intensity in the Mississippi Alluvial Valley.

Management Intensity® Production
Intensive 1,000
Moderate 750
Low 562
Passive-unmanaged 422

? Intense management would include annual manipulations of
soil, vegetation and water including tillage, mowing, burning,
irrigation, fertilization, etc. Moderate management would
include some annual manipulations of vegetation, soil, and
water but not irrigation or fertilization. Low management would
include at least some manipulations of soil, water, and
vegetation at least every third year. Passive-unmanaged would
include no intentional manipulations of soil, vegetation, or water.

Heitmeyer, M. E.

species in the MAV (Heitmeyer 2002). These
seeds come from annual and perennial her-
baceous, perennial emergent, and aquatic
plants. Annual production of seeds potentially
consumed by waterfowl varies greatly among
MAV habitats in relation to amount and type
of vegetation, hydrological regimes, man-
agement, climate, and nutrient composition
of soils and water (Fredrickson and Taylor
1982). Generally, seed production is greatest
in Seasonal Herbaceous communities and
lowest in habitats with prolonged flooding
regimes (such as Open Water/Aquatic, Per-
sistent Emergent, Dead Timber) and large
woody species components (such as forest
and S/S communities).

Estimates of seed production in Seasonal
Herbaceous wetlands in the Mississippi River
Valley including the MAV have varied greatly,
probably because of differences in location,
vegetation composition and structure, hydro-
periods, disturbance and management
regimes, and estimation techniques (Table
11). Furthermore, studies often have grouped

samples among locations, habitat and man-
agement types, and sampling methods and
usually report cumulative means that mix
divergent conditions. These estimates from
both managed and unmanaged “moist-
soil” areas ranged from 45 to 3,155 kg/ha
(Table 11). Kross et al. (2008a) suggested
using an average of 566 kg/ha for moist-soil
impoundments in the MAV, but this average
does not seem appropriate for all areas,
management regimes or vegetation com-
munities. The most comprehensive data
set on herbaceous seed production is from
southeast Missouri (Knauer 1977, Fredrickson
and Taylor 1982, Kelley 1986, McKenzie
1987, Laubhan and Fredrickson 1992, Fred-
rickson 1996) where seed, browse, and
tfuber production was measured over many
years, seasons, and management regimes.
These studies and others (Reid 1983, Reid
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et al. 1989, Fredrickson 1996, Gray et al.
1999, Bowyer et al. 2005, Kross et al. 2008q)
indicate that annual production of moist-sail
seeds is much higher in intensively managed
impoundments than in unmanaged area
(Table 11). Furthermore, time and type of dis-
turbance greatly influences production. For
example, seed production in impoundments
in southeast Missouri averaged 1,960 kg/ha in
the first year following disturbance and then
declined to slightly less than 1,000 kg/ha by
the third year post-disturbance (Fredrickson
and Taylor 1982). Maximum overall average
production in other intensively managed
impoundments was 1,453 kg/ha in the lllinois
River Valley (Bowyer et al. 2005), 1,184 kg/ha in
several conservation areas in the MAV (Penny
2003), and 613 kg/ha in a central Arkansas
(Moser et al. 1990). Other studies that did not
separate data from intensive vs. more passive
management estimated up to 2,200 kg/ha
in Missouri (Davis, unpublished data cited in
Fredrickson 1996), 1,084 kg/ha in Mississippi
(Reinecke and Hartke 2005), and 2,332 kg/ha
in several managed wetland areas in the MAV
(Kross et al. 2008a). Collectively, these data
indicate that intensively managed moist-sail
impoundments average much greater annual
production than Kross et al. (2008a) suggests,
and that a conservative 1,000 kg/ha is a
more accurate, and supportable, estimate
for intensively managed moist-soil impound-
ments (Table 12).

Kross et al (2008a) found that passively
managedmoist-soilhabitatshadabout35%less
annual production than intensively managed
sites. Penny (2003) found intensively managed
sites had 2.5x the annual production of seeds
and tubers than did unmanaged sites. Point
estimates of energetfic carrying capacity,
based mainly on moist-soil seed production,
was 1.4 times higher in actively- vs. passively-
managed wetland impoundments in Ohio
(Brasher et al. 2007). The degree of active
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management, using various amounts and
times of tillage, mowing, burning, fertilization,
and flooding/irrigation influences moist-soil
seed production (e.g., Fredrickson and Taylor
1982). Data from Fredrickson and Taylor (1982)
suggest about 25% reduction in production/
year post-disturbance up to 3 years later.
The reduced production in unmanaged sites
and the annualized decline in production
relative to management intensity produce
similar rates of reduced production relative to
management type and intensity (Table 12).
Consequently, if these data are accepted
as representative of moist-soil impoundments
relative to management intensity, and that
infensive management produces an average
of ca. 1,000 kg/ha, then reasonable estimates
of seed production in Seasonal Herbaceous
wetlands in the MAV would be 750 kg/ha for
moderate, 562 kg/ha for low, and 422 kg/ha
for unmanaged (passive) areas (Table 12).
Many unmanaged sites with more prolonged
water regimes eventually resemble Persistent
Emergent habitats. Seed estimates for Per-
sistent Emergent habitats in the MAV are not
available, but these communities typically
succeed quickly to less diverse perennial
plant species and with greatly reduced seed
production (Strader and Stinson 2005). Con-
sequently, recognizing the paucity of infor-
mation, this manual uses an estimate of 200
kg/haseed production for Persistent Emergent
habitats.

Seed production in forests comes mostly
from herbaceous plants occupying tree gaps
created by wind throw or death of single or
multiple trees (e.g., Thompson 1980, Harrison
and Chabreck 1988). These open areas cover
3-5% in naturally flooded BLH forests in the
MAV (Heitmeyer et al. 1989), and if seed pro-
duction is similar to unmanaged moist-soil
impoundments (Table 12) then an annual pro-
duction estimate for forests averaged across
areas with ca. 20%, 10%, and 5% openings
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would be 84, 42, and 21 kg/ha, respectively.
This range of relative “openness” and annual
seed production in forests may be similar to
that foundin GTRs and Floodplain Forest com-
munities. The only study that estimated seed
production from willow-dominated wetlands
was conducted in the lllinois River Valley and
found an average of 166 kg seeds/ha/year
(Bowyer et al. 2005). Consequently, a con-
servative value of 150 kg seeds/ha is recom-
mended in this manual for §/S, Dead Timber,
and margins of Open Water/Aquatic areas
that experience mid-summer drawdowns
that expose mud flats and stimulate moist-
soil plant production (Table 10).

Some herbaceous seed production
occurs in agricultural fields, depending
on crop type, field management and pro-
duction methods (e.g., use of herbicides,
cultivation, etfc.), and seed bank of fields.
Estimates of moist-soil seed productioninrice
and soybean fields in northeastern Louisiana
in the early 1990s ranged from 25 to 54 kg/
ha in rice and 35-54 kg/ha in soybean fields
(McAbee 1994). More recent estimates of
seed production in rice fields in western Mis-
sissippi suggest low rates (e.g., 4 kg/ha) in
contemporarily managed fields (Manley et
al. 2004). Modern production methods in
most agricultural crops in the MAV rely on
heavy application of herbicides and likely
reduce herbaceous plants in fields,
consequently an estimate of 10 kg/
ha is used in this manual.

4K

In addition to seed pro-§, &
duction from herbaceous plants, R 4
considerable seed production
also occurs from aquatic plants
present in more permonen’rlyé\ T
flooded habitats such as Cypress- ‘ .
Tupelo, Open Water/Aquatic, S/S,‘“"

and Persistent Emergent habitats in * -

the MAV (Wylie 1985). As an example, -z~
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seeds from watershield are readily consumed
by ring-necked ducks and pondweed seeds
are consumed by several duck species (Fred-
rickson and Heitmeyer 1988, Heitmeyer 2002).
Annual seed production from aquatic plants
may exceed 300 kg/ha, but it is unknown
how much is consumed by waterfowl. Con-
sequently, 50 kg/ha is used as a very con-
servative estimate of potentially available
aquatic plant seeds in Open Water/Aquatic
habitats and 20 kg/hais used for §/S, Cypress-
Tupelo, Persistent Emergent, and Dead Timber
habitats that contain abundant aquatic
plants (Table 10).

Below-ground Roofts, Tubers, Rootlets

Relatively little is known about annual
production of below-ground biomass
potentially consumed by waterfowl (e.g.,
Wills 1971, Kelley 1986). The best information
on this production is from seasonally-flooded
impoundments in southeast Missouri (Kelley
1986, McKenzie 1987, Kelley 1990, Kelley and
Fredrickson 1991). These data andinformation
extrapolated from Penny (2003) suggest that
potential below-ground waterfowl forage
from herbaceous plants, such as chufa,
may be 10-20% of herbaceous plant seed
production within an area. Productfion of

chufa in intensively managed
;impoundmen’rs was nearly 366 kg/
“ ha in shallowly disked and irrigated
/si’res and as low as 15 kg/ha in
& deeply disked areas (Kelley
and Fredrickson 1991). Roots,
rhizomes, and tubers of other
5 ) .
J/ moist-soil plants ranged from
/Y 5 to 80 kg/ha (Kelley 1986). Given the
aucity of information on these below-

: i & ground food types, this manual uses

#8 10% of herbaceous vegetation seed
¢ production as a conservative

3 estimate of below ground forage,
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recognizing that species composition among
areas will affect this production greatly
(Table 10). Below-ground estimates from non-
herbaceous habitats are unknown, but likely
are not substantial.

Above-ground Browse

Although wetlands in the MAV are
among the most productive ecosystems in
the world in terms of above-ground vege-
tation biomass, much of this biomass is from
woody plants (e.g., Conner and Day 1976,
Wharton et al. 1982) and few duck species
acquire substantial energetic or nutritional
resources directly from consumption of plant
material other than seeds and below-ground
biomass of herbaceous plants (Heitmeyer
2002). Exceptions to this generalization are
gadwall, wigeon, and geese than often
consume stems and plant parts of herbaceous
plants, such as spikerush, sedges, grasses, and
forbs (Heitmeyer 2002). Total above-ground
biomass of herbaceous plants in seasonal
wetlands can exceed 5,000-10,000 kg/ha
(Low and Bellrose 1944, Knauer 1977, Kelley
1990, Haukos and Smith 1993) but relatively
few species provide potential browse used by
certain ducks and geese. Data from control
(hon-managed) and treated (combinations
of disking and irrigation) moist-soil impound-
ments in southeast Missouri indicated that
above ground biomass of Eleocharis obtusa, a
known browse species for geese and wigeon,
averaged 63 kg/ha in control areas and 49
kg/ha in treated sites (Kelley 1986:36). In the
absence of more comprehensive data, an
average of 50 kg/ha may be reasonable for
potential above-ground browse in habitats
with substantial herbaceous plants, espe-
cially Seasonal Herbaceous Wetlands (Table
10). Wigeon, gadwall, and geese very rarely
forage in forested habitats and above ground
herbaceous biomass is not common in these

25

habitats or in more permanently flooded
areas such as S/S and Open Water/Aquatic
habitafts.

Aquatic Plants and Algae

Dense mats of submerged and floating-
leaved aquatic plants and algoe are
common in certain habitats in the MAV (e.q.,
Wood 1972, Wylie 1985, Wylie and Jones
1986). Algae can be abundant in seasonally
flooded nonforested habitats in the MAYV, but
aquatic plants are mostly limited to more per-
manently flooded areas. Total aquatic plant
biomass in Open Water/Aquatic habitats
in the MAV can exceed 25,000 kg/ha/year
(Wood 1972). Annual algal production also is
high in many MAV habitats (e.g., Wylie 1985).
At any given time, algal biomass in freshwater
wetlands may be 10-30 kg/ha (with total
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annual biomass adjusted for turnover rates
> 10,000 kg/ha) depending on vegetation
type, density, and hydrological regime (data
summary in Robinson et al. 2000:168). As with
above-ground biomass of herbaceous plants,
relatively little of total aquatic plant/algae
biomass may represent potential waterfowl
forage. Wigeon, gadwall, redhead and can-
vasback are species that readily consume
aquatic plants and some algae; other species
have limited or incident intake of these foods.
In the absence of having specific data on
potential waterfowl forage from these aquatic
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foods, an estimate of 100 kg/ha aquatic
vegetation is used in this manual for Open
Water/Aquatic, S/S, Cypress-Tupelo, Persistent
Emergent, and Dead Timber habitats and 50
kg/ha algae is used for Seasonal Herbaceous
habitats. Forested habitats are assumed to
have negligible potential waterfowl forage
value from aquatic plants and algae.

Small Vertebrates

Small vertebrates represent important
forage items for certain waterfowl species
in the MAV, especially hooded mergansers
(Table 2) Species groups commonly found in
diets of hooded mergansers include anurans,
salamanders, and small fish (Dugger et al.
1994). Many fish are present in permanently
flooded MAV habitats and large numbers of
several fish species access floodplain areas
(forested and nonforested) to forage and
spawn during flood events (Jackson 2005) and
as nursery sites for larval and juvenile fishes
(e.g., Stewart 1983, Sargent 1996). Annual pro-
ductivity of fish in BLH floodplains may reach
2,000 kg/ha with swamp and shallow natural
ponds/wetlands producing 5-200 kg/ha/year
(Jackson 2005). Much of the annual biomass

Figure 3. Availability of food resources in Upper Mississippi
Alluvial Valley wetlands September to April. Modified from
Fredrickson and Heitmeyer (1988).
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is in larger fish that are not potential prey for
mergansers; however, some component of
this biomass does represent potential forage.
Large numbers of frogs and amphibians occur
in MAV habitats (Jones and Taylor 2005), but
estimates of biomass and potential forage to
cerftain waterfowl species are not available.
Given the uncertainty in potential biomass as
forage for waterfowl, no estimate of value is
made toward calculating DUD values in this
manual, however, it is noted that this forage
component is substantial in many habitats, at
least for hooded merganser.

Agricultural Grains and Browse

Large amounts of agricultural fields are
present in the MAV and include primarily
corn, rice, soybean, milo, and wheat crops.
Additionally, domestic culfivars of millet
(e.g., Japanese millet) are commonly grown
on some wetland management sites for
waterfowl food (e.g., Merz and Brakhage
1969). Almost all wheat grown in the MAV
is winter wheat, so no grains are available
during the nonbreeding period discussed in
this manual. In contrast, winter wheat stem
growth is readily available and consumed
by some species, especially geese. Grain
production in corn, soybean, and milo fields
is variable throughout the MAV depending
on location, field ferfility, and production
management. Generally, an average of 120,
30 and 60 bushels grain production/acre
currently occurs for corn, soybeans, and
milo, respectively, in the Upper MAV (U.S.
Department of Agriculture, National Agri-
cultural Statistics Service, http://nass.usda.
gov). Corn and milo have 56 Ibs/bushel and
soybeans have 60 lbs/bushel, which frans-
lates to ca. 7,280, 2,000, and 3,700 kg/ha
for corn, soybeans, and milo, respectively.
Average rice yields in the MAV in the last
decade have averaged about 6,300 kg/ha



Calculating duck use days

Nuttall

September November January

Willow

September November January

Overcup

September November January

Figure 4. Mean percentage of Nuttall, willow, and overcup oak acorns falling from trees by the
end of September, November, January, and March 2007-08 and 2008-09 in the 640 greentree
reservoir on Cornerstone Farms, Arkansas (adapted from Heitmeyer and McGeorge 2009).
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(Salton 2001, Stafford et al. 2006). Average
annual millet production has been estimated
at 1,500 kg/ha (Lower Mississippi Valley Joint
Venture, unpublished estimate). Left unhar-
vested, these potential waste grains may be
present for waterfowl species that readily
consume agricultural grains, including millet.

Recent studies have estimated harvest
loss of 4-6% for rice and other grains in the
MAV (Warner et al. 1989, Manley et al. 2004,
Stafford 2006). Post-harvest management
practices affect abundance of waste grains
(e.g., Stafford et al. 2005, Kross et al. 2008b);
leaving stubble undisturbed provides the
most residual waste grain. For purposes of
this manual it is assumed that 4% of waste
grain is left in MAV crop fields immediately
after harvest and that stubble is undisturbed
(Table 10). Biomass of winter wheat during
winter changes from germination through
cumulative growth later in winter and spring.
Geese and wigeon tend to forage on wheat
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later in winter, so estimated biomass during
January and February seems appropriate to
measure potential forage value. Estimates of
this wheat biomass are sparse, but generally
equate to ca. 300 kg/ha by late winter/spring
(e.g., Kahl 1980, Kahl and Samson 1984).

SEASONAL AND ANNUAL AVAILABILITY
OF FOODS

Not all of the annual production of major
waterfowl food groupsin the MAV is available
to nonbreeding waterfowl. Availability is influ-
enced by:

e Chronology of seasonal production
and presence in the foraging space of
species

*  Annual dynamics of extent and depth of
flooding

¢ Decomposition and deterioration rates

e Consumption by nonwaterfowl species

. Disturbance or other factors pre-

venting physical or behavioral access
to foods
. Thresholds of foraging efficiency

Seasonal Food Availability

Potential seasonal availability of
foods is determined by: 1) when pro-
duction occurs and foods are in the
foraging space of a species and 2)
when the habitat becomes flooded,
if flooding is a precursor to the food
being accessible to a species. Foods

Figure 5. Relative annual flooding dynamics of habitat types in bottom-
land hardwood habitats in the Upper Mississippi Alluvial Valley (modified
from Heitmeyer et al. 2005). LOW = low elevations dominated by over-
cup oak; INTER = intermediate elevations containing red oaks, sweet-
gum, and green ash; HIGH = high elevations near upland zones contain-
ing water, willow, and cherrybark oak and with hickory and sugarberry;
S/S-CT = low elevation shrub/scrub and cypress/tupelo habitats; and R-
AC = deeper depressions from remnant abandoned channels.

that generally must be flooded before
they become accessible to waterfowl
species in the MAV are seeds; hard
mast; below-ground tubers, roots, and
rhizomes; aquatic plants and algae;
invertebrates; and small vertebrates
(Heitmeyer 2002). Above-ground and
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Habitat Sept

Oct Nov Dec Jan Feb Mar

agricultural browse is acces-
NF - BLH

sible on dry, moist, and
GTR -BLH

shallowly flooded surfaces. |57

Agricultural grains are used  |FLF

more often when crop fields — [RvF

DT

are shallowly flooded, but |[sis

Figure 6. Average annual chronology of flooding of major habitat types in the Upper

Mississippi Alluvial Valley. NF-BLH = naturally flooded bottomland hardwood forest;
GTR-BLH = greentree reservoirs in bottomland hardwood forest; C/T = cypress/tupelo;

some species including [MS-MG
. . MS - NMG
mallard, pintail, and geese  [ow-aa
will readily forage in dry or |AG-MG
. . . AG - UNMG
moist fields, especially in
late winter.
Seasonal  production
of foods that accumu-

lates to some maximum
potential available yield
varies among food groups
in the MAV (Fig. 3). By early
fall (September-October) annual production
of seeds, tubers, aquatic plants, wetland
browse, and agricultural grains are near peak
abundance. Acorn production also has
pecaked at this time, however, fall from frees is
only 30-50% complete (Fig. 4); total acorn drop
does not occur until late winter. Invertebrate
production is composed of both aquatic and
benthic invertebrates, which have different
occurrence chronologies. Most  aquatic
insects are at peak levels in late summer
and decline thereafter (e.g., Reid 1983). In
contrast, most benthic invertebrates and
zooplankton, especially in forested habitats,
begin growth in late fall-early winter and
peak in spring (e.g., White 1985, Wylie 1985).
Annual production of small vertebrates,
used by hooded mergansers and inciden-
tally by other species probably begins in
spring, peaks by fall, and declines through
winter (e.g., Jones and Taylor 2005).

Estimates of carrying capacity for the
entire nonbreeding season (September-
March) can assume total maximum annual
production for the food and habitat minus
some loss from deterioration, consumpfion

Table 13.
waterfowl foods following flooding (adapted from Neely 1956,
McGinn and Glasgow 1965, Shearer et al. 1969, Fredrickson

FLF = floodplain forest; RVF = riverfront forest; DT = dead timber; S/S = shrub/scrub;
MS-MG = managed moist-soil impoundments; MS-NMG = nonmanaged seasonally
flooded herbaceous wetlands including moist-soil impoundments; OW-AQ = open
water/aquatic; AG-MG = managed agricultural fields either harvested or unharvested;
and AG-UNMG = unmanaged harvested agricultural fields.

by nonwaterfowl species, and germination
of seeds falling to the ground. In contrast,
carrying capacity for individual months, or
sets of months, must account for seasonal
dynamics of both production and accessi-
bility (e.g., looding extent and depth). Natural
dynamics of flooding regimes in the MAV are
related fo seasonal precipitation patterns,
both locally and regionally, and subsequent
surface flooding and water retention (e.g.,
Fig. 5). Some habitat types, including Cypress-
Tupelo, Dead Timber, S/S, Persistent Emergent,

Average deterioration rates (%/day) of various

and Reid 1988b, Nelms and Twedt 1996).

Food Type Deterioration Rate
Soybeans 0.76-1.083
Corn 0.36- 0.56
Rice 0.213

Red rice 0.102
Paspalum 0.133
Millet 0.259
Bristlegrass 0.261
Sesbania 0.268
Panic grass 0.364
Signalgrass 0.392
Morning glory 0.418
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and Open Water/Aquatic typically are
flooded the entire nonbreeding period (Fig.
6). Other habitats gradually become flooded
when fall-winter precipitation increases; e.g.,
higher elevations of BLH are naturally flooded
for only short durations in winter and early
spring. Habitats that have artificial water man-
agement capabilities, such as GTRs, moist-sail
impoundments, and agricultural fields may be
flooded for much of the nonbreeding period
depending on management objectives.

The amount of foods produced in MAV
habitats that are not available to waterfowl
because of water depths (either deep or dry)
outside the foraging capability of species,
germination, deterioration and consumption
by nonwaterfowl is largely unknown. Con-
sumptionofacornsonthe tree, priortofall, from
birds and squirrels may be 15-20% (Cypert and
Webster 1948, Reid and Goodrum 1957). Fur-
thermore, mammal and bird consumption of
acornsindry BLHmay be highinsome locations
depending on abundance of consumers such
asfallmigrant blackbirds, rodents, turkey, deer,
etc. (e.g., Dickson 2002, Bowman and Cham-
berlain 2002). Bird (nonwaterfowl) and small
mammal consumption of moist-soil seeds may

Table 14. Estimated percentage of maximum annual production of major food types that is
available to nonbreeding waterfowl in the Mississippi Alluvial Valley from September to March
(based on seasonal dynamics, loss, and deterioration rates in Fredrickson and Taylor 1982;
Fredrickson and Reid 1988b; Heitmeyer et al. 1989, 2005; Hubert and Krull 1973, Kelley 1986,
Duffy and LaBar 1994, Heitmeyer and McGeorge 2009, Magee et al. 1993, Neely 1956, Nelms
and Twedt 1996, Reid 1983, Shearer et al. 1969, Stafford et al. 2006, Wehrle et al. 1995, White
1982, Wood 1972, Wylie 1985, Brasher et al. 2007, Greer et al. 2007, Greer et al. 2009.
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be quite high (> 50%) in some locations based
on number, abundance, and energy needs/
use of species. For example, large numbers of
blackbirds, rails, snipe, and rodents are present
in  moist-soil  impoundments immediately
prior to and during flood up periods (Rundle
1980, Fredrickson and Taylor 1982). Likewise,
blackbird and other animal consumption of
waste agricultural grains and browse can be
huge (e.g.. Dolbeer 1980, Kahl 1980, Kahl and
Samson 1984, Taylor 1957, Flegler et al. 1987).
In confrast, nonwaterfowl consumption of
aquatic plants/seeds, wetland browse, and
below-ground fubers, etc. likely is quite low
(e.g., Kelley 1986, McKenzie 1987).

Germination of seeds and agricultural
grains falling fo ground surfaces may also be
substantial in some species and locations.
For example, > 50% germination of fallen
millet seeds from domestic cultivars in Central
Arkansas and > 80% germination of waste
corn in southeast Missouri in September was
observed in early fall 2006-2008 (Heitmeyer,
unpublished data).

Waterfowl foods in the MAV also dete-
riorate at different rates (Table 13). Some
foods, such as soybeans
decompose at very rapid
rates, while others, such
as algae mats and zoo-
plankton populations also
“turn over” quite rapidly
(e.g., Wylie 1985, Robinson

Food type Sept Oct Nov Dec Jan Feb Mar et al 2000)' In- contrast,
living aquatic inverte-
Herbaceous seeds 90 80 70 60 50 40 30 s
, liv \% -
Aquatic seeds 90 80 70 50 30 20 20 brates, i ng s
Below-ground tubers, etc. 9 100 9 90 9 9 80 brates, acorns, and tubers
Above-ground browse 80 70 60 50 40 50 60 decoy sIowa if at all
Mast 30 50 80 90 80 70 50 duri int q .
Aquatic plants 80 60 40 20 20 20 40 uring winter and spring.
Invertebrates 40 20 10 20 50 70 80 Estimates that assume a
Agricultural grains 80 60 40 30 20 20 10 H
nstant rat f terio-
Agricultural browse - 10 30 50 70 80 90 consta ate of deterio

rationsuggest 10-15% dete-
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rioration rate/month from September through
December (Fredrickson and Reid 1988b). The
combined loss of post-harvest waste rice in
western Mississippi from combined germi-
nation, deterioration, and consumption by
nonwaterfowl species was estimated at 71%
from September to early December (Stafford
et al. 2006). Moist-soil seed losses in fall-
flooded impoundments in Missouri averaged
from 70-87% loss from September to February
and 18-44% loss in spring-flooded impound-
ments (Greer et al. 2007).

Evidence exists that waterfowl may not
continue to forage for specific foods in certain
habitats if the quantity of food becomes low,
or is difficult to obtain (e.g., Strong 1986, Tome
1989). The notion of a “threshold level”, or
“giving up density” at which a certain level
of food reaches, and causes waterfowl to
have reduced efficiency of feeding and thus
abandonment of a site has been suggested
(Reinecke et al. 1989) for certain MAV habitats.
In rice fields, this “threshold” level may be 50
kg/ha (Stafford et al. 2006, Greer et al. 2009).
It is doubtful that this threshold level (50 kg/ha)
exists in all (or even any other) habitat/food
types in the Upper MAYV, because studies of
wild waterfowl foraging behavior and food
consumption indicate extensive foraging time
and effort (up to 80% of diel time) in many
habitats and seasons despite potentially low
food abundance (e.g., Drobney and Fred-
rickson 1979, Heitmeyer 1985, Heitmeyer 1988q,
Heitmeyer and Fredrickson 1990, Drobney
1980, 1990). Nonetheless, the potential for
some “threshold” of varying levels may exist
for various habitats. Recent sampling of moist-
soilimpoundments in the MAV found that 150-
200 kg/ha of seeds may remain unconsumed
in these wetlands by spring, suggesting that
either the sites were noft fully utilized by non-
breeding waterfowl, that seeds were not
available to birds because of water levels
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or other deterrents to foraging, or that seed
density declined to a point that foraging
efficiency was inhibited and caused birds to
discontinue use or foraging in an area (Hagy
and Kaminski, unpublished data).

Given that some proportion of the annual
potential maximum yield of waterfowl foods
in the MAV is not available to, or used by,
waterfowl in the nonbreeding season, and
that this proportion changes among food
types and season, this manual offers matrix
estimates of percentage food availability by
type and time (Table 14). This matrix combines
the seasonal occurrence dynamics of pro-
duction (see above) and cumulative effects of
germination, deterioration, and consumption
(includingagivingup density) by nonwaterfowl
species. Total combined monthly estimates for
September through March are assumed o be
100% of total potential food yield from Table
10. Ratios of change were extrapolated from
various literature sources, and additional field
data undoubtedly will provide more accurate
estimates in the future.

In addition to the above estimates of
seasonal dynamics of food availability in the
MAV, another important factor influencing
accessibility of food is disturbance or other
factors limiting either physical or behavioral
access to foods. Access can be restricted
because of water depth, species morphology,
location and attributes of fields/tracts, com-
petition from other species, predation risk,
human-caused disturbance, etc. Disturbance
from humans can occur from many factors
including motor traffic (land and water),
presence of humans or potential predators,
aircraft, noises, etc. (Dahlgren and Korschgen
1992). Response and return times of mallards
to experimental and naturally occurring dis-
turbance on Mingo National Wildlife Refuge
in southeast Missouri (Heitmeyer 1985, Raasch
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1996), mallards and Canada geese on the
Russell lakes Wildlife Management Area in
Colorado (George et al. 1991), canvasbacks
in Wisconsin (Kahl 1991), and spring staging
snow geese (Belanger and Bedard 1989)
suggest substantial impacts of disturbance
on foraging behavior and habitat use of
nonbreeding waterfowl. Actual effects
of disturbance on food availability are
not known in the MAV, and may be com-
pensated by changed foraging time and
behavior (e.g., shifts o nocturnal feeding,
McNeil et al. 1992).

In the MAV, human disturbance from
hunting may be a significant factor affecting
waterfowl use of habitats (e.g., Heitmeyer
1985, Stafford et al. 2007, Davis et al. 2009).
Waterfowl hunting seasons in the MAV in
recent years have typically occurred from
November to late January for ducks and dark
geese and from November through March
for white geese (USFWS 2009). The relative
influence of hunting in limiting the avail-
ability of foods to waterfowl in the MAV s
unknown, and likely varies greatly depending
on location and intensity of hunting on a site.
For example an area immediately adjacent
fo a sanctuary site that is hunted only for a
few hours in the morning and only once or
twice a week may be used extensively by
waterfowl during nonhunting periods and
potential food availability probably is not
reduced. In contrast, a site that is substantial
distance from a sanctuary and is hunted for
most of the day several times a week, may
be used infrequently by waterfowl during the
day, or have use redistributed to nocturnal
periods. Further, duck hunting effort varies
widely among MAV states. Estimated hunter/
days during the 2008-09 duck season ranged
from 106,000 (an average of 7.12 days/hunter)
in Kentucky to 520,100 (average of 8.9 days/
hunter) in Arkansas (Raftovich et al. 2009).
Limited data suggests that proportional use of
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hunted and nonhunted areas by mallards in
some MAV areas varies inconsistently by time
of day, seasons, and years (e.g., Davis et al.
2009). Given the uncertainty about, but pre-
sumption of at least some, effects of hunting
on food availability in the Upper MAV during
hunting seasons, this manual uses an average
of 25% reduction in food availability for all
food types in hunted sites during November
to January in the MAV. This hunting period
covers the periods of duck, white-fronted
goose, and Canada goose seasons in the
area. Conservation hunting seasons for white
geese continue in the region in February and
March, but most of this hunting occurs in dry
harvested agricultural fields, and by relatively
few hunters. This manual assumes that Con-
servation hunting of white geese has limited
effect on food availability outside of duck
hunting seasons because considerable data
suggest waterfowl readily use areas hunted
during the regular waterfowl seasons prior fo,
and after these seasons (e.g., Heitmeyer 1985,
Dugger 1990, Havera 1999, Davis et al. 2009).
However, if intense conservation hunting for
white geese consistently occurs in wetland
areas then some reduced availability of foods
to, and use by, dabbling ducks may occur
(e.g., Webb et al. 2010).

Annual Dynamics of Food Availability

The annual availability of most foods
tfo waterfowl in MAV habitats depends on
whether the site and foods become flooded.
Some species may use some foods and
habitats regardless of whether they are
floodedornot, e.g., geese andwigeon grazing
on winter wheat, but most waterfowl require
that potential foods be flooded within their
foraging depth, and thus become available
fo them, for some period of time that allows
themtofindandaccessthefood. Certaindata
suggest that a flooding duration of at least 3-5
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days may assure use by, and increased food
value to, wintering mallards within constraints
of other factors such as disturbance, efc.
(Heitmeyer 20060). If a minimum of 3 consec-
utive days of flooding is used as a criteria for
foods to become available and used by non-
breeding waterfowl! (excluding those species
and habitats that do not require flooding to
obtain specific foods) then the duration of
at least 3 days flooding (0-100% of the total
time period investigated) can be multiplied
by the production and energy value of the
food to determine the amount of food that is
available.

Flooding in MAV habitats is caused
by various conditions including, but not
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limited to: 1) natural headwater flooding
(i.e., precipitation within a watershed that
causes streams and other drainages to
exceed bank full elevations and inundate
off-channel, usually floodplain, areas; 2)
natural backwater flooding (i.e., precipi-
tation that causes a higher order stream/
drainage to exceed bank full elevations
and causes water to back-up other lower
order drainages and into upstream flood-
plains; 3) direct on-site precipitation; 4)
blockages in drainages (i.e., natural and
artificial obstructions including beaver
dams, sediment and debris accumulation,
dams, and weirs; and 5) artificial movement
of water onto a site from pumping, water
diversion, etc.

Table 15. Winter (Dec-Feb) flooding characteristics for river-gage stations in the Mississippi Alluvial
Valley 1939-1940 to 1998-1999 arranged from most to least flooded?, from The Journal of Wildlife

Management, 2006.

% yr flooded

River-gage station =1 25

Hatchie-Rialto, TN 91.7 90.0
White-Clarendon, AR 78.3 75.0
Obion-Bogota, TN 85.4 66.7
Big Black-Bovina, MS 73.3 68.3
Cache-Patterson, AR 66.0 55.0
St. Francis, St. Francis, AR 65.0 58.3
Ouachita-Camden, AR 65.0 61.7
Big Sunflower, Sunflower, MS  58.3 46.7
Boeuf-Ft. Necessity, LA 40.0 36.7
Ohio-Cairo, IL 35.0 35.0
Black-Corning, AR 53.3 35.0
White-Newport, AR 30.0 23.3
Mississippi-Memphis, TN 10.0 10.0
Mississippi-Vicksburg, MS 11.7 10.0
Tensas, Tendal, LA 26.7 11.5
Yazoo-Greenwood, MS 6.7 5.0

Mississippi-New Madrid, MO 3.3 3.3

Days Pulses/
flooded/ Days/pulse
flood yr
flood yr
> 10 days X SE x SE x SE
833 412 121 1.7 04 240 10.2
700 463 36 16 04 294 13.0

583 192 6.0 26 05 75 28
500 205 78 15 03 133 54
483 234 90 17 04 135 6.6
417 197 79 21 05 93 6.1
400 145 47 20 05 75 25
333 127 45 1.7 04 75 23
333 270 117 13 03 213 110
250 177 67 13 02 137 6.0
20.0 87 39 18 05 50 1.9
150 150 68 13 02 112 41
67 173 75 1.0 00 173 74
67 187 73 11 02 151 72
5.0 6.3 29 13 03 48 1.8
33 112 39 12 02 90 17
33 385 53 1.0 00 385 53

@ % of years when the station was flooded = 10 days Dec-Feb.
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General Location

I B) RO-1 Riverine Overbank
[ E) RB-1 Riverine Backwater
- G) F-1 Hardwood Flats

— - P) D-1 Isolated Depression
- V) LF-1 Connected Fringe

! |:| Y) U-2 Prairie Terrace
- ZB) Reservoirs/Aquaculture

Figure 7. Example of a hydrogeomorphic map of potential forest vegetation communities based on
flood frequency recurrence intervals in the Lower White River, Arkansas (from Heitmeyer 2008b).
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Natural flooding of the MAV landscape
during September-March is variable among
years and locatfions. As indicated above,
some habitats are flooded for extended to
permanent periods each year, while others
typically begin flooding in late winter or
spring as precipitation, runoff, and overbank
flooding of rivers and streams in the region
increases. Also, some managed habitats
(e.g., GTRs, moist-soil impoundments) are
intenfionally flooded almost every year
(Fredrickson 1996, 2005). Overbank flooding
is especially important to make forested,
agricultural, and some other habitats
available to wintering waterfowl (Reinecke
et al. 1988, Heitmeyer 2006a). The frequency
and duration of this winter flooding varies
considerably among latitude and years. For
example, overbank river flooding that lasts at
least 5 days (a length of time that increases
values to foraging mallards) ranges from
about 3% of years along the Mississippi River
in southeast Missouri and the Yazoo River
in western Mississippi to about 90% of years
along the Hatchie River in western Tennessee
(Table 15).

River gauge data and general statis-
fical practices can be used to determine
flood duration within larger MAV floodplains.
The USACE and the U.S. Geological Survey
publish daily river stage data, and stage-
discharge relationships, for many watersheds
in the MAV and these are readily available
at the following websites:

www.rivergages.com
http://waterdata.usgs.gov/nwis

Daily river stage data can be correlated
to existing elevation data to determine the
point where overbank flooding occurs and
also the area of flooding for that day. Long-
term tfrends over multiple days and years can
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be established to determine flood durations.
Evaluation of differences in duration and
area of 3-day and 5-day flood events in the
MAV indicate little differences. For example,
the difference between the median 3- and 5-
day flooding durations for the Little Sunflower
River gauge was only 0.16 feet, while the dif-
ference between maximum values was only
0.2 feet (D. Johnson, USACE, unpublished
data from the Yazoo Basin, MS). Conse-
quently, this manual recommends using the
3-day duration level as a predictor of food
availability period. An example method-
ological sequence of hydrological analyses
for calculating DUD s to:

1. Collectperiodofrecord (POR) river stage
data for all gauges in the study area.

2. Determine maximum 3-day flooding
duration by water year in the POR.

3. Determine frequency plotting positions
by dividing n + 1 years by rank. As an
example fora 49 year POR, the maximum
annual 3-day duration would have a 50-
year recurrence interval.

4, Plot the 3-day duration
curve.

frequency

5. Use a selected mapping method to
determine areal extent of the 3-day
flood frequency events.

6. Obtain GIS land-cover information for
the habitats present.

7. Tabulate the habitat-flood frequency
informationto determine the percentage
habitat by flood frequency intervals.

8. Calculate annual waterfow!l habitat by
summing the habitat by weight flood
frequency, e.g., 1-year by 1.0, 2-year by


http://www2.mvr.usace.army.mil/WaterControl/new/layout.cfm
http://waterdata.usgs.gov/nwis
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0.5, 5-year by 0.2, etc. This calculation
willyield average annual acres available
for waterfowl foraging by habitat type.

9. Use tablesin this manual to calculate kg/
ha of specific foods available, total kcal
of food available, and average annual
DUD.

Another way to determine frequency of
annual flooding is from flood-frequency or
flooding recurrence interval mapping (Fig.
7). These recurrence intervals are determined
from stage-discharge relationships developed
from long-term gauge stations along major
rivers and calculations of frequency that
a specific discharge/stage that represents
overbank flooding occurs (e.g., Heitmeyer
2008:55).

Obviously, knowing the frequency and
duration that MAV habitats become flooded
(at a depth that allows efficient foraging for
variouswaterfowlspecies) orotherwise acces-
sible to waterfowl is critical to determine how
oftenspecificfoodsandhabitattypesactually
are available to nonbreeding waterfowl in
the region. For example, excellent acorn
production (say 500 kg/ha) might occur in a
BLH site, but if this site is only inundated on
average of 20% of years during some point
in winter, then the annualized production
available to waterfowl would be 100 kg/ha/
year (i.e., 500 kg/ha times 0.2) In contrast,
a poor moist-soil habitat that produces only
a combined 100 kg/ha seeds, below-ground
fubers, and invertebrates/year, but that is
intentionally flooded every year, would have
the same potential food availability (100 kg/
ha) to waterfowl/year.

Another factor affecting annualized food
production is whether habitats on a site are
recently restored, or represent continuous
habitat over fime. For example, substantial
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areas in the MAV have been enrolled in
the U.S. Department of Agriculture Wetland
Reserve Program during the past decade
and former croplands have been reforested
or restored to other wetland communities
(King et al. 2006). Sites that have been refor-
ested fo some component of red oak species
may begin producing acorns within 20-30
years, but maturation o tree sizes and stand
densities that produce larger quantities of
acorns (Table 8) may take several decades.
In contrast, newly restored BLH sites may
produce large quantities of herbaceous plant
seeds and tubers until frees shade out ground
cover. Assessing food types and production
in restored sites will require site-specific evalu-
afion, and perhaps field data collection, to
determine production dynamics.

ENERGY VALUES OF FOODS

Measurements of the amount of energy
available to wild waterfowl from their diet
typically are expressed as true metabolizable
energy (TME) in kcal/g (Owen and Reinecke
1979, Miller and Reinecke 1984). Estimates
of TME for most of the major food groups
consumed by waterfowl in the Upper MAV
are available from published literature (Table
16). Where multiple species are grouped
within a category (e.g., moist-soil seeds), a
general average of typical species is used to
represent the group. Most foods consumed
by waterfowl in the MAV range from 2.5 to
4.0 kcal/g with agricultural grains and below-
ground tubers, etc. having the greatest energy
concentration (Table 16).
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Table 16. Estimated true metabolizable energy (TME, kcal/g
dry mass) of major food types for nonbreeding waterfowl in

the Mississippi Alluvial Valley.?

Food TME
Seeds 2.50
Acorns 2.67
Below-ground tubers, etc. 4.00
Above-ground browse 2.50
Aquatic plants 2.50
Invertebrates 3.50
Small vertebrates 3.50
Corn 3.67
Soybeans 2.65
Milo 3.49
Rice 3.34
Winter wheat browse 2.50

@ Extrapolated from data in Kaminski and Essig 1992,

Kaminski et al. 2003, Buckley 1989,Checkett et al. 2002,

Sherfy 1999, Petrie et al. 1998, Anderson and Smith 1

997,

Petrie 1994, Reinecke et al. 1989, Jorde and Owen 1988,

Buchsbaum et al. 1986, Hoffman and Bookhout 1985,

Hentges 1983, Mutzar et al. 1977, Sibbald 1976, Driver

1981, Driver et al. 1974, Sugden 1973, Sugden 1971, Scott

et al. 1969, Harper and Daniel 1934, Dugger and
Fredrickson 1996, Brasher et al. 2007

Karen Kyle
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DUD MODEL EQUATIONS

DUD'’s of an area/habitat can be estimated using the model equations presented below.
These equationsrely oninformation on DEE's of waterfowl species and potential food abundance
and availability presented in previous sections. Examples of calculations are provided for the
equations to demonstrate use and possible inclusion of species, food, and availability data.

In its simplest form, the equation that estimates potential DUD’s for one species in a single
habitat area of one ha is:

1)

S(F. )T,
D..

Species, DUD =

Where,

F =the potential food yield (g/ha) for food types | inthe habitat type |
T = TME (kcal/g) of specific food types

k

1...1

D = DEE of Species | inkcal/day and is 4x RMR
RMR = 100.7Wo74

and, W = weighted body mass of species | inkg

Maximum potential food yields of specific foods and habitats are presented in Table 10.
Average TME of foods is presented in Table 16. DEE of species is presented in Table 1. Specific
foods used by individual species are presented in Table 2.

This equation can then be multiplied by amount of area to obtain total DUD for a species/
habitat in an individual tract (e.g., a field, wildlife management area, floodplain, etc.). This
equation assumes that all potential food yield is present and available to waterfowl every year
and month during the nonbreeding season. As such, it is overly simplistic and does not represent
actual DUD's, only theoretical potential.
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As an example, DUD values for mallards in 100 hectares of Dead Timber with:

1. A total of 185 kg/ha food (150 kg/ha seeds, 15 kg/ha tubers, and 30 kg/ha invertebrates
from Table 10, excluding aquatic plant biomass assumed not used by mallards).

2. TME’s of 2.5 kcal/g for seeds, 4.0 kcal/g for tubers, and 3.5 kcal/g for invertebrates.
3.  Mallard DEE of 452.44 kcal/day
would equate fo:

100 ha x [seed value (150kg/ha x 2.5 kcal/g TME) + tuber value (15kg/ha x 4.0 kcal/g TME)
+ invertebrate value (30kg/ha x 3.5 kcal/g TME)]

452.44 kcal/day

or, 100 ha x 540,000 fotal kcal/ha

= 119,353 DUD’s (mallards)
452.44 kcal/day

If multiple habitats are involved in an area, then equation #1 becomes:

2)

S (F.)T..)
D..

Species...DUD = Habitats, .

For example consider a site, used by mallards, that has the same 100 ha of Dead Timber
described in the example for equation #1, but also with 100 ha of naturally looded BLH with
50-60% basal area of red oaks, large tree size, and 5% canopy gaps and 100 ha of moderately
managed moist-soil impoundments.

This site has the above calculated 54,000,000 kcal from Dead Timber and also:
100,682, 500 kcal from BLH calculated as:
100 ha [acorn value of 325 kg/ha (Table 8) x 2.67 TME + seed value of 21 kg/ha (based on 5%

canopy gap) x 2.5 TME +2 kg/ha below-ground food (based on 10% of seed production - see
text) x 4.0 TME + 30 kg/ha aquatic invertebrates x 3.5 TME (Table 10)]
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and,
235,000,000 kcal from the moist-soil impoundment calculated as:

100 ha [seed value of 750 kg/ha (Table 12) x 2.5 TME + 75 kg/ha below-ground food (based on
10% of seed production (see text) x 4.0 TME + 50 kg/ha aquatic invertebrates x 3.5 TME (Table
10)]

Browse and aquatic plant production in this moist-soil habitat is not included because they
are not readily used by mallards (Table 2).

In total, the 300 ha of Dead Timber, naturally flooded BLH, and moist-soil impoundments
produced 386,185,000 kcal, which divided by the DEE of 452.44 kcal for mallards = 853,555
mallard DUD'’s

If a single habitat, but multiple species occur in an areq, then the relative proportion (%
composition of the waterfowl population) is determined and the predictive equation is:

3)
[ D..
>D..

E L Jocomposition §

Jocomposition §

YD,

DUD =25, D

For example, a hypothetical area with a total food yield available to all species of 100,000
kcal and a population comprised of 60% mallards, 15% pintail, 20% wood ducks, and 5% ring-
necked ducks would have a kcal allocation of:

Mallard 67,000 kcal
Pintail 14,200 kcal
Wood Duck 14,800 kcal

Ring-necked Duck 3.900 kcal
and, based on their respective DEE's (Table 1), total DUD's by species would be:

Mallard 148.1
Pintail 36.9
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Wood Duck 49.4
Ring-necked Duck 12.5
Total DUD 247

Finally, if multiple species and habitats occur in an areq, then the predictive equation
becomes:

4)
[ D..
>D...

2 M%composition S,
_ . 2D...
DUD = Y Habitats,..| 2S:. :

Jocomposition §

DL.m

OR

DUD = Habitats, , (Equation#3)

As stated, the above equations represent potential maximum carrying capacity for areas/
habitats by assuming all foods are present and available in all months and years. Clearly, for the
reasons expressed in the above discussion of temporal and spatial dynamics and availability
factors, the actual carrying capacity of areas/habitats is at some level below the maximum
potential. In an attempt to represent “actual” carrying capacity of MAV landscapes, the above
equations #1-4 can still be used, but food yield (F, ) is calculated as:

5)
Total Potential Yield of Food Type, for a Habitat Type,
F x TME (kcal/g) x % Availability (from Table 14)
Jk = x Annual Probability of Flooding/Accessibility

X % availability from Hunting/No hunting

For example, 100 ha of naturally flooded BLH habitat with a medium 50-60 basal area of
red oak and medium size tree stand producing 300 kg acorns/ha, a TME value of 2.67 kcal/g



Calculating duck use days 43

for acorns, a total winter period, flooded for at least a 3-day duration with a 5-year (20%) flood
frequency recurrence interval, and hunted would equate to:

100 ha x [300 kg/ha x 2.67 kcal/g TME x 1 (total winter availability)
x 0.2 flood frequency x 1.0 hunting availability]

16,020,000 kcal available
= = 35,408 mallard DUD/yr
452.44 DEE for mallards

In this example, a 1.0 hunting availability value is used because the entire winter period is
considered where birds potentially have access to undisturbed habitats and foods during non-
hunting periods.

If only the combined months of December and January are used, when hunting occurs
and reduces availability, with an average of 85% acorn availability in those months (Table 14),
then the equation becomes,

100 ha x [300 kg/ha x 2.67 kcal/g TME x 0.85 (Dec-Jan availability) x 0.2 flood
frequency x 0.75 hunting availability]

10,212,750 kcal available
= = 22,573 DUD/yr
452.44 DEE for mallards

For comparison, the DUD estimate of potential maximum carrying capacity assuming total
production availability regardless of month, would have been:

100 ha x [300 kg/ha x 2.67 kcal/g TME x 1 (total winter availability) x 1 (lood
frequency) x 1 (no hunting effects)]

80,100,000 kcal available
= = 177,040 DUD/yr
452.44 DEE for mallards

Clearly, inclusion of some real world estimates of food availability greatly reduces carrying
capacity and DUD's in "actual” vs. “potential” scenarios. Presenting estimates in “actual” form
using the food availability, Equation #5 will provide the most realistic evaluations of Upper MAV
landscapes.

Karen Kyle
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Now consider a hypothetical “real world” water resources development project, where

flood managementis proposed for a 1,500 acre project area. The project area has the following

attributes:
Flood Frequency Harvested Dead
During Jan-Mar Soybeans Timber BLH
1.0 100 ha 200 ha 200 ha
0.5 200 ha - 100 ha
0.3 600 ha - 100 ha

The BLH in this site are naturally flooded with 50-60% basal areaq, large tree size, and 5%

canopy gaps. Mallards are the species of interest. For this site:

BLH would have:

325 kg/ha acorns (Table 8) x 2.67 kcal/g TME (Table 16) x an average of 70% availability for
Jan-Mar (Table 14),

21 kg/ha herbaceous seeds (Table 10) x 2.5 kcal/g TME (Table 16) x an average of 40% avail-
ability for Jan-Mar (Table 14),

2.1 kg/ha below ground tubers, etc. (Table 10) x 4 kcal/g TME (Table 16) x an average of 90%
availability for Jan-Mar (Table 14), and

40 kg/hainvertebrates (Table 10) x 3.5 kcal/g TME (Table 16) x an average of 70% availability
for Jan-Mar (Table 14).

This equates to 645,825 kcal/ha for BLH
Dead Timber would have:

150 kg/ha herbaceous seeds (Table 8) x 2.5 kcal/g TME (Table 16) x an average of 40% avail-
ability for Jan-Mar (Table 14),

20 kg/ha aquatic plant seeds (Table 8) x 2.5 kcal/g TME (Table 16) x an average of 20%
availability for Jan-Mar (Table 14),

15 kg/ha below ground tubers, etc. (Table 10) x 4 kcal/g TME (Table 16) x an average of 90%
availability for Jan-Mar (Table 14), and

30 kg/ha invertebrates (Table 10) x 3.5 kcal/g TME (Table 16) x an average of 70% avail-
ability for Jan-Mar (Table 14).

This equates to 235,350 kcal/ha for Dead Timber
Soybeans would have:

10 kg/ha herbaceous seeds (Table 8) x 2.5 kcal/g TME (Table 16) x an average of 40% avail-
ability for Jan-Mar (Table 14),
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* 5kg/hainvertebrates (Table 10) x 3.5 kcal/g TME (Table 16) x an average of 70% availability
for Jan-Mar (Table 14), and

* 80kg/haunharvested soybeans (Table 10) x 2.65 kcal/g TME (Table 16) x an average of 20%
availability for Jan-Mar.

This equates to 64,650 kcal/ha for soybean fields

In the pre-project condition listed above, BLH would provide 180,831,000 kcal, Dead Timber
would provide 47,070 kcal, and Soybeans would provide 24,567 kcal. Using the 452.44 DEE for
mallards, the site would have a potential for 558,014 mallard DUD’s

In the post-project development, this site now has the following attributes:

Flood Frequency Harvested Dead

During Jan-Mar Soybeans Timber BLH

1.0 100 ha 200 ha 200 ha
0.2 800 ha - 200 ha

The food availability for the post-project habitats are the same as in the pre-project
scenario, but acres and flood frequency now equate to 483,770 mallard DUD'’s, or a decrease
of 74,244 DUD’s. If this loss in DUD's is o be mitigated, then some scenario of increasing acres of
other foraging habitats (e.g., moist-soil impoundments, reforestation, etc.) would be needed to
avoid a net loss of habitat values for nonbreeding waterfowl in this example.

Andy Vernon
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FIELD DATA REQUIRED
FOR DUD MODEL EQUATIONS

In addifion to the DEE and food abun-
dance values summarized in this manual, the
above DUD equations require field data on:

1. Number and species of waterfowl present
in an area/region

2.  Habitat types present, management, and
the area of each

3. Composition, stand density, and tree size
of forested habitats

4.  Annual flood duration and frequency by
area and habitat

5. Presence or absence of hunting

The number and species of waterfowl in
an area/region usually can be determined
from local surveys conducted by state/federal
resource agencies. For example, the Missouri
Department of Conservation conducts
biweekly aerial surveys of key wetland areas
in southeast Missouri each fall and winter and
information is available at:

www.mdc.mo.gov

The U.S. Fish and Wildlife Service conducts
an annual midwinter inventory of waterfowl
throughout the United States each January
and this information is available at

http://www.fws.gov/birddata/databases/
mwi/mwidb.html

47

Inthe absence of more formalized surveys,
local information can often be obtained by
conducting ground surveys of important areas
that represent a site.

Documentation of habitat types and
areas usually can be done using various maps
and photographs available for a site. In some
cases, field reconnaissance may be needed
to “ground-truth” interpretations from aerial
images and identify specific habitat types.
For example, Cypress-Tupelo habitats are
commonly imbedded in BLH and may need
to be mapped separately. Management
of an area (used to distinguish GTRs in BLH
habitats and moist-soil impoundments in
Seasonal Herbaceous habitats) often can
be determined by presence or absence
of water-control structures and inquiries to
local resource personnel. Documenting tree
composition, stand density, and size of red
oaks in MAV forests will require sampling that
adequately represents the stand. Typically,
measures are made on species composition,
size (diameter at breast height), density
(number of trees by species/ha) and other
indicators of water stress, etc. using standard
forest mensuration (e.g., Heitmeyer et al. 2004,
Avery and Burkhart 2005, Heitmeyer 2008b).
Annual flood frequency data and maps often
are available for larger river floodplains from
USACE District offices. Recurrence intervals of


www.mdc.mo.gov
http://www.fws.gov/birddata/databases/mwi/mwidb.html
http://www.fws.gov/birddata/databases/mwi/mwidb.html
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overbank flooding for general geographic
areas also can be determined from river
gauge data. Additionally, local flooding
patterns may be determined in some cases
from satellite imagery or other local records.

Documenting whether active hunting
occurs in an area can be obtained from
local information and certain published or
electronically-available data (e.g., Missouri
Department of Conservation, www.mdc.
mo.gov).

Heitmeyer, M. E.
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APPENDIX A

Mathematical conversions used in calculating duck-use-days in the Mississippi Alluvial Valley.

Energy:
1 Kj=4.185 Kcal

Mass and Area:

1 Kg=2.2046 lbs

1 ha=2.471 acres

1 Ib/acre = 1.084 Kg/ha
1 Kg/ha = 0.892 lbs/acre
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APPENDIX B

Common and scientific names of plant and animal species used in the text.

Waterfowl

American wigeon
Blue-winged teal
Canvasback
Green-winged teal
Gadwall

Hooded merganser
Lesser scaup
Lesser snow goose
Mallard

Northern pintail
Northern shoveler
Redhead

Ross’ goose
White-fronted goose
Giant Canada goose
maxima

Interior Canada goose
interior

Bufflehead

Trees
Cherrybark oak
Nuttall oak
Overcup oak

Pin oak

Delta post oak
Southern red oak
Swamp chestnut oak
Water oak
Willow oak

Red maple
drummondi
Silver maple
Hickory

Green ash
pennsylvanica
Sugarberry
Sycamore

Black willow

Box elder

Anas americana
Anas discors
Aythya valisineria
Anas crecca

Anas strepera
Mergus cucullatus
Aythya affinis
Anser caerulescens
Anas platyrhynchos
Anas acuta

Anas clypeata
Aythya americana
Anser rossii

Anser albifrons
Branta canadensis

Branta Canadensis

Bucephala albeola

Quercus pagoda
Quercus nuttalli
Quercus lyrata
Quercus palustris
Quercus stallata
Quercus falcata
Quercus michauxii
Quercus nigra
Quercus phellos
Acer rubrum

Acer saccharnum

Carya spp.
Fraxinus

Celtis laevigata
Plantanus occidentalis
Salix nigra

Acer nigundo

American elm
Cedar elm
Water tupelo
Baldcypress
Cottonwood
Sweetgum
styraciflua
Buttonbush
occidentalis
Swamp privet
Pecan

Water locust
Honey locust
triancanthos

Heitmeyer, M. E.

Ulmus americana
Ulmus crassifolia
Nyssa aquatica
Taxodium distichum
Populus deltoides
Liquidambar

Cephalanthus

Foresteria acuminata
Carya spp.
Gledistsia aquatica
Gledistsia

Aquatic, Herbaceous and Emergent Plants

Pondweed

Rice cutgrass
Panic grass
dichotomiflorum
Millet

Foxtail bristlegrass
Chufa
Spikerush
Sedge
Common rush
Curly dock
Smartweed
Tooth-cup
Morning glory
Watershield
Cattail

River bulrush
Water willow

Agricultural crops
Corn

Rice

Milo

Soybeans

Wheat

Potamogeton spp.
Leersia oryzoides
Panicum

Echinochola spp.
Seteria italic
Cyperus esculentus
Eleocharis spp.
Carex spp.

Juncus effuses
Rumex cripus
Polygonum spp.
Ammannia coccinea
Ipomoea coccinea
Brassenia schreberi
Typha spp.

Scirpus fluviatilis
Dianthera ovata

Zea mays

Oryza sativa
Sorghum spp.
Glycine max
Triticum aestivum
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