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ABSTRACT

The Upper Mississippi River and Great Lakes region (UMRGLR), including
Wisconsin, Illinois, Indiana, Ohio, and Michigan, are part of an important migration
corridor for >12 million waterfowl annually. Waterfowl rely on wetland and cropland
habitats in the region to secure nutrients needed to complete life-history events. Wetland
loss in some of these states exceeds 95% of historic levels, raising concern that food
resources may be insufficient to support spring-migrating waterfowl. The goal of this
project was to improve understanding of food resource density and energy availability in
wetlands and adjacent cropland habitats used by spring-migrating waterfowl in the
UMRGLR. I collected plant and invertebrate food samples during two periods in spring
2006 in three wetland habitat classes (palustrine emergent, palustrine forested,
lacustrine/riverine) and croplands (corn and soybean) at six study areas in the UMRGLR.
I used two methods to convert food abundance to energetic carrying capacity (ECC)
estimates (duck use days/ha [dud/ha] ). The first method assumes constant food, habitat,
and daily energy requirements (ECC,), while the second uses foraging guild- (i.e., small
dabbling, grazing dabbling, omnivorous dabbling, and diving duck) specific food habits
and energy requirements (ECC,,). Total estimated food biomass in wetlands consisted
almost entirely (>98%) of seeds, tubers, and invertebrates from benthic (substrate)
samples. I failed to detect a statistically significant difference between ECC, and ECC,,

in 15 of 21 paired-z-test comparisons. The largest difference occurred in
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lacustrine/riverine wetlands in east-central Wisconsin where ECC, (59 dud/ha) was 88%
below ECCy, (482 dud/ha). ECC,, varied among study sites (Fssos = 14.46, P<0.001),
and habitat types (F2.504 =47.67, P<0.001) but did not differ by sampling period (£ 504 =
0.46, P =0.500). ECC,, was consistently greatest in palustrine emergent habitats (range
across sites = 613 — 1,287 dud/ha), and least in lacustrine habitats (range across sites = 22
— 342 dud/ha). Cropland ECC was more variable than in wetland habitats (ranges across
sites = 146- 3,303 dud/ha). Croplands had sufficient food energy to support large
numbers of waterfowl but few species are capable of foraging in this habitat.
Invertebrates did not contribute substantially to total food biomass or ECC for most sites
and habitat types. My estimates of ECC were below what the UMRGLR Joint Venture
assumes habitats provide. The greatest difference was in lacustrine habits where site-
specific habitat estimates were 82-99% lower than the Joint Venture estimate. Thus,
waterfowl that use lacustrine / deep water habitats may be energy-limited during spring
migration in the UMRGLR. My study examined the extent to which habitats used by
spring-migrating waterfowl in the UMRGLR can provide food energy abundance.
Conservation planners need reliable food abundance estimates for croplands, marshes,
natural lakes, rivers, impoundments, and riparian forests that individually and collectively
contribute to the total habitat resource that supports spring-migrating in the UMRGLR.
My results provide a basis for understanding variation in food resource abundance along
latitudinal and longitudinal gradients in the region and can strengthen the biological
foundation of strategic planning of habitat conservation to achieve population goals of the

North American Waterfowl Management Plan.
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CHAPTER 1

INTRODUCTION

The Upper Mississippi River and Great Lakes Region (UMRGLR) is an important
migration corridor for nearly 12 million waterfowl and accounts for nearly 500 million
waterfowl use-days annually (Soulliere et al. 2007). The UMRGLR is located between
two important waterfowl wintering areas (Mid-Atlantic Coast and the Mississippi
Alluvial Valley), and the important breeding areas of the Prairie Pothole and Boreal
Forest regions in the northern U.S. and Canada. A variety of wetland systems occur
throughout the UMRGLR including palustrine, lacustrine, and riverine wetlands
(Cowardin et al. 1979). Glaciated lakes, depressions, and beaver (Castor canadensis)
ponds comprise most of the habitat in the northern UMRGLR, while habitat in the
southern portion is primarily floodplain wetlands, man-made reservoirs and the major
river systems of the Mississippi and Ohio rivers (Soulliere et al. 2007). Coastal marshes
of Lakes Superior, Michigan, Erie and Huron also contain > 15,000 ha of wetland habitat
(Bookhout et al 1989).

Wetland loss in the UMRGLR has been and continues to be substantial. Less
than 15% of historic wetland habitat remains in Ohio, lowa, Indiana, and Illinois (Dahl
2006). Most wetland loss in rural areas is caused by agricultural conversion (Frayer et al

1983). However urban development and expansion are the leading causes of wetland loss



in densely populated areas (Ducks Unlimited 2005). The uncertain consequences of
global climate change and spread of exotic or invasive species also place increasing
pressures on remaining wetlands in the UMRGLR (Johnson et al. 2005).

Historically, waterfowl research focused on the breeding grounds, as populations
were thought to be primarily driven by conditions experienced here. Species distribution,
habitat relationships, and diets of waterfowl were all intensively examined (Trauger and
Stoudt 1978, Bellrose 1979, Swanson et al. 1979). However, habitat conditions and
nutrient resources encountered during the non-breeding period have been linked to
subsequent breeding success and other fitness-related measures, such as survival and
recruitment (Ankney and Maclnnes 1978, Hepp 1984, Hohman et al. 1988, Batt et al.
1992, Zimin et al. 2002, Devries et al. 2008). Thus, much research emphasis shifted to
the non-breeding period. Here, most studies were predominately conducted during
autumn and winter because of its importance to over-winter survival and managing
harvest (for review see Weller 1988).

Recent population modeling of mallards (4nas platyrynchos) has demonstrated
that population growth (X) is most sensitive to nest success, duckling survival, and non-
breeding survival (Hoekman 2002, Coluccy 2008). Devries et al. (2008) examined
individual reproductive investment and nesting success of mallards in the prairie-
parklands of Canada. Their results showed that females with better body condition when
arriving on the breeding grounds had higher nesting propensity and clutch sizes, as well
as earlier nest initiation and hatch dates compared to females in poorer body condition.
Thus, the ability of waterfowl to secure nutrients during spring migration should have a
direct effect on population growth rates (Afton 1984, Anteau and Afton 2004, Newton
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2006). Indeed, the importance of food availability at spring stop-over sites, when birds
are preparing for the ensuing nesting period, has been demonstrated (LeGrange and
Dinsmore 1988, Jorde et al. 1995, Anteau and Afton 2008). Until recently, autumn and
winter were assumed to be the most limiting portion of the non-breeding season to
sustaining growth of waterfowl populations, however a great deal of attention has shifted
to better understand how habitat factors during spring migration might limit waterfowl
population growth rates.

Despite the potential importance of spring migration, relatively little is known
regarding spring stopover ecology, which continues to be one of the least studied aspects
of avian migration (Lindstrom 1995, Yerkes et al. 2008). In particular, there are few
studies of food availability for waterfowl during spring migration (but see LeGrange and
Dinsmore 1985, DeRoia and Bookhout 1989) although numerous studies have measured
food abundance during autumn migration and winter (Manley et. al. 2004, Boyer et. al.
2005, Stafford et al. 2006a, Brasher et al. 2007, Kross et al. 2008).

Quantity and quality of habitats that waterfowl encounter during spring migration
may differ from autumn migration. Heavy rains and melt-water from winter snowfall
flood crop fields, wetlands, and forested bottomlands during spring. In addition, most
emergent wetlands have considerably different characteristics in spring compared to
autumn as non-persistent emergent and submergent vegetation senesces, falls into the
water column, and decays overwinter. This changes the structure and density of
vegetation in palustrine emergent and aquatic bed wetlands (Galatowitsch and van der
Valk 1996). The decaying plant matter also supports blooms of invertebrates that

become available to spring-migrating waterfowl as they move northward (Euliss and
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Grodhaus 1987). Waterfowl utilize these flooded habitats as they migrate northward,
accumulating energy and nutrients required for the subsequent breeding season
(LeGrange and Dinsmore 1988, Heitmeyer 2006). Availability of plant foods to spring-
migrating waterfowl likely varies among wetlands with decomposition rates, substrate
firmness, and consumption by non-waterfowl species (Nelms and Twedt 1996, Greer
2006). Although spring flooding may increase habitat availability for spring-migrating
waterfowl relative to autumn, abundance and quality of plant food for waterfowl could be
greatly reduced near the end of winter when waterfowl need nutrients to begin spring
migration. The degree to which invertebrate populations compensate for overwinter loss
of plant food is unknown.

Indeed, food resources have been found to be less abundant in spring compared to
autumn. Greer et al. (2007) demonstrated that spring-flooded impoundments had low
food abundance compared to fall-flooded, likely due to depletion by wintering waterfowl.
Brasher et al. (2007) demonstrated a similar pattern in central and northern Ohio as
wetlands sampled during spring had far less food energy compared to autumn. In
addition, some plant seeds partially decompose, thereby diminishing the energy and
nutrient contents of plant food resources (Nelms and Twedt 1996). Rising water levels
during spring limit foraging opportunities for dabbling and other shallow water foraging
species, though may create foraging opportunities for species that forage in deeper water
(Fredrickson and Drobney 1979, Riley and Bookhout 1993).

Food abundance varies among wetland habitats (Bowyer et al. 2005, Greer et al.
2007, Johnson 2007). Factors such as hydrology, vegetation structure, disturbance,

management regime, soils, and substrate composition all affect food availability. Seed
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resources are usually most abundant in managed moist soil impoundments where water
levels are manipulated to promote growth of high-yielding moist soil plant seeds and
tubers (Fredrickson and Taylor 1982), although passively-managed wetlands also
produce abundant food (Brasher et al. 2007). Invertebrate abundance fluctuates within
and among seasons (Murkin and Kadlec 1986, Anteau and Afton 2008). Unlike over-
wintering seeds and tubers, invertebrates are continually renewed as populations emerge
and grow. Thus, the standing crop of invertebrates at any single point in time
underestimates the total quantity of food resources available to supply energy and protein
to spring-migrating waterfowl.

Collectively, seeds, tubers, and invertebrates provide the necessary energy and
nutrients for spring-migrating waterfowl. Plant seeds and tubers typically provide more
true metabolizable energy (TME) in the form of carbohydrates (Baldassarre and Bolen
2006), while invertebrates are an essential source of protein (Krapu and Swanson 1975).
While carbohydrates are readily converted into lipids that are mobilized for energy
needed during migration and nesting (Ricklefs 1974), protein is especially important in
late spring and summer when hens lay nutrient-rich eggs (Krapu 1981).

Most waterfowl begin to switch from a diet of primarily plant material that is high
in carbohydrates to an invertebrate diet with high protein near the end of winter, during
spring migration, or after arriving on nesting grounds (Taylor 1978, Heitmeyer 1985,
Lovvorn 1987, Miller 1987, Gammonley and Heitmeyer 1990, but see Gruenhagen and
Fredrickson 1990). The timing of this dietary shift is unknown and likely varies with
species. Hitchcock (Southern Illinois University personal communication) found that

lesser scaup (Athya affinis) consumed higher proportions of invertebrates as they moved
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north during spring migration. There is conflicting evidence from food habit studies,
whether the transition to a high protein diet occurs during spring migration because
nutritional requirements change, or due to declining abundance of high-carbohydrate
plant foods (Lovvorn 1987). Smith (2007) found that lesser scaup and mallards collected
during spring consumed primarily plant matter, although plant matter was less abundant
where ducks foraged than animal matter. In contrast, Pederson and Pederson (1983)
found that mallards in March and April consumed foods in proportion to their
availability. Although spring-migrating waterfowl utilize both plant and invertebrate
food resources extensively to obtain energy and nutrients, the extent and timing with
which these resources become available to waterfowl in the UMRGLR is unknown.

The Upper Mississippi River and Great Lakes Region (UMRGLR) Joint Venture
has taken a lead role in conservation planning for waterfowl and their habitats in the
region. The UMRGLR Joint Venture boundaries encompass the Great Lakes marshes
and the Ohio, Illinois, upper Mississippi, and lower Missouri river systems (Figure 1.1).
The UMRGLR Joint Venture strives to conserve and enhance critical habitat to meet
breeding waterfowl population goals established by the North American Waterfowl
Management Plan (NAWMP).

The UMRGLR Joint Venture and other non-breeding habitat Joint Ventures have
developed a landscape level bio-energetic approach which seeks to identify the amount of
foraging habitat required to meet waterfowl population goals set by the North American
Waterfowl Management Plan (NAWMP), and to prioritize areas for habitat protection,
restoration, and enhancement. The bioenergetics approach requires understanding of

food energy abundance of habitats and daily energetic requirements of ducks. The
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UMRGLR Joint Venture has utilized this approach to calculated carrying capacity (i.e.,
duck use days/ha [dud/ha]) estimates that are used to derive habitat objective required to
support breeding population goals of NAWMP. Previous evidence suggests that
waterfowl may be limited by available food energy during spring (Brasher et al. 2007).
Consequently, the UMRGLR Joint Venture recently shifted its focus from autumn
migration to providing adequate habitat for wintering and spring-migrating waterfowl.
The bioenergetics approach assumes that waterfowl can access and consume all
food items within all suitable habitats they encounter during spring migration. More
realistically, species-specific differences in preference and utilization of individual food
items and habitats are well documented (Nudds 1983, DuBowy 1988). Daily energy
requirements of waterfowl also vary among and within species with body mass and
composition (Miller and Eadie 2006). Furthermore, current recommendations for the
UMRGLR Joint Venture waterfowl conservation strategy are derived from small-scale
studies that focused strictly on plant food resources (Korschgen et al 1988, Heitmeyer
1989, Steckel 2003, Boyer et al. 2005, Stafford et al. 2006a). Other NAWMP joint
venture regions have undertaken large-scale assessments of habitat carrying capacity.
Stafford et al. (2006a) and Kross et al. (2008) estimated moist soil seed and rice
abundance across the Mississippi Alluvial Valley. However, to my knowledge no study
has attempted to estimate energetic carrying capacity from plant and invertebrate food
resources over a broad range of wetland and agricultural habitats on a large regional scale
such as the Upper Midwest. More precise measures of food energy abundance and
patterns of temporal and spatial variation in plant and invertebrate food abundance in

different habitat types will strengthen the biological foundation of habitat conservation
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strategies for the UMRGLR Joint Venture, allowing conservation planners to more
efficiently anticipate waterfowl habitat needs and target priority areas for future
protection, restoration, and enhancement efforts. Undoubtedly, large-scale studies are
needed to direct wetland conservation efforts over broad geographic regions to
complement what has been learned at local scales (Flather and Sauer 1996, Haig 1998).

Therefore the specific research questions I addressed include; 1) what factors are
most important in explaining variation in food density in habitats utilized by spring-
migrating waterfowl? 2) What is the relative contribution of invertebrates to total food
biomass and do invertebrates increase in abundance over time? 3) Do energetic carrying
capacity estimates accounting for guild-specific requirements differ from the more
traditional approach to estimating carrying capacity? 4) Do observed waterfowl
utilization rates exceed energetic carrying capacity estimates, indicating that food energy
may be a limiting factor during spring migration? The following research objectives
were pursued to answer these questions:

1) Identify factors (i.e., study site, habitat type, sampling period) explaining
variation in seed and invertebrate food density (kg/ha).

2) Precisely (CV <15%) estimate food density (kg/ha) from both plant and
invertebrate food sources for spring-migrating waterfowl in four habitat types.

3) Compare changes in relative contributions of plant and invertebrate food
sources to total food biomass over time, sites, and habitats.

4) Compare two models of energetic carrying capacity and explore potential
differences in these methods in relation to importance of conservation planning in the

UMRGLR.



5) Compare energetic carrying capacity (dud/ha) with observed waterfowl

utilization rates (bud/ha) of wetlands and croplands habitats.
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CHAPTER 2

STUDY AREAS AND METHODS

I selected six study sites in four states based on their importance as mid-migration
stopover sites for waterfowl (Figure 1.1). These sites were purposively selected to
provide two latitudinal cross-sections of north-south migration paths within the
UMRGLR. The western study sites included the Cache River region of southern Illinois,
the Illinois River region of central Illinois, and the southeastern glaciated region of east-
central Wisconsin. The eastern study sites from south to north included the Scioto River
in south-central Ohio, the western Lake Erie marshes of northern Ohio, and the eastern
shore of Saginaw Bay in Michigan. Jurisdictionally, all sites were within the Mississippi
Flyway. The majority of waterfowl that use this region are from birds using the
Mississippi River corridor (Bellrose 1968) but there is also a large influx of waterfowl
from the Atlantic coast (T. Yerkes personal communication). Habitat types and amounts
varied by study site (Tablel.1). According to National Wetland Inventory (1990) data
(NWI), the Illinois River site had the most wetland area (> 14,000 ha) while the Scioto
River site had the least (< 1,000 ha). Palustrine forested wetlands were the most
abundant wetland type at the Cache and Illinois River sites; palustrine emergent wetlands
were most common in the east-central Wisconsin, Lake Erie marshes, and Saginaw Bay

sites, while lacustrine habitat was most prevalent at the Scioto River site. Agriculture
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Study Site Habitat Type Source Area (ha)

Cache River palustrine-forested NWI 4,608
palustrine-emergent NWI 790
lacustrine NWI 141
cropland SMI 6,215
[1linois River palustrine-forested NWI 7,717
palustrine-emergent NWI 2,143
lacustrine NWI 4,450
cropland SMI 4,959
Wisconsin palustrine-forested WWI 1,608
palustrine-emergent WWI 6,004
lacustrine WWI 180
cropland SMI 20,109
Scioto River palustrine-forested NWI 259
palustrine-emergent NWI 274
lacustrine NWI 413
cropland SMI 2,075
Lake Erie Marshes  palustrine-forested NWI 2,010
palustrine-emergent NWI 2,130
lacustrine NWI 1,854
cropland SMI 7,369
Saginaw Bay palustrine-forested NWI 1,080
palustrine-emergent NWI 13,150
lacustrine NWI 6
cropland SMI 3,048

Table 1.1. Waterfow] habitat areas (ha) at six study sites in the Upper Mississippi River
and Great Lakes Region where energetic carrying capacity was estimated during
February-May 2006. Source: National Wetlands Inventory (NWI), Wisconsin Wetlands
Inventory (WWI) and Ducks Unlimited, Inc. Soil Moisture Index (SMI).
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was the predominant land use at all six sites. The UMRGLR experiences a wide range of
annual climatic conditions that influence the length of the growing season, the number of
ice-free days, and surface hydrology. As a result waterfowl use of this area is closely tied
to seasonal and annual variation in weather conditions (Reid et al 1989, Stafford et al.
2007). The UMRGLR Joint venture implementation plan (1998) has designated each
site as a focus area in recognition of their regional significance as waterfowl habitat.

Each study area encompassed approximately 520 km®. Study site boundaries were
oriented to capture the major hydrologic features (i.e., major rivers, lake shorelines and/or

wetland complexes) and representative habitat types at each site.

Cache River

The Cache River site, centered near Cairo, IL, included a 44 km reach of the
lower Cache River and Cypress Creek. The Cache River watershed encompasses 927
km? with elevation 85 — 102m above sea level. Mean annual temperature is 13.7 C, with
average winter temperatures ranging from 3.2 — 8.3 C, and spring temperatures ranging
from 8.5 — 18.8 C (Illinois State Water Survey 2008). Mean annual rainfall is 122.7 cm;
greatest precipitation occurs in late winter and spring (Illinois State Water Survey 2008).

The lower Cache River is highly modified and its hydrology differs from the
upper section. Channel modifications have introduced major changes to the Cache
River’s hydrology over the past 100 years. The Post Creek Cutoff constructed around
1915 diverted water from the Cache River which now flows directly into the Ohio River.
The Cache River floodplain is bordered by upland deciduous forests consisting of oaks

(Quercus spp.) and hickories (Carya spp.) with interspersed rocky bluffs. Most (68%) of

13



the lower cache river floodplain has been cleared for agriculture (Hutchison 1987,
Demissie et al. 1990). Forested wetlands characterize the Cache River floodplain, with
70% identified as bottomland hardwood forest and 16% as bald cypress (Taxodium
distichum) swamp totaling over 5,497 ha collectively (Havera 1999). In fact, the
watershed encompasses most of the remaining bald cypress swamps in southern Illinois
(Dorge et al. 1984).

The Cache river floodplain is important for waterfowl and other birds as over 250
species occur within the region. The RAMSAR Convention designated the Cache River
a wetland of international importance. The wetlands reserve program (WRP) has
increased managed wetland areas in recent years. The Frank C. Bellrose federal
waterfowl reserve, within the Cypress Creek National Wildlife Refuge, is managed to
provide migratory waterfowl and shorebirds with moist soil habitats where water level
are manipulated and periodic mechanical disturbance is used to promote growth of

desirable wetland food plants.

Illinois River

The Illinois River study site is centered near Chandlersville, IL along a 45 km
reach of the Illinois River and includes part of Chautauqua and Emiquon National
Wildlife Refuges, and Sanganois and Anderson Lake public wildlife areas. Mean annual
temperature is 10.8 C with average winter temperatures ranging from -1.9 — 4.8 C , and
spring temperatures ranging from 4.4 —16.9 C (Illinois State Water Survey 2008).

The Illinois River is historically known as one of the most important areas for

migrating waterfowl in all of North America (UMRGLR Joint Venture Management
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Board 1998). The Illinois River has been greatly altered since it was impounded and
dredged for navigation in the early 1900s. Sediments from farmed uplands in the
watershed are now deposited in floodplain lakes when river levees are overtopped during
flood events. Prior to human alteration, natural flows of clear water allowed growth of
emergent and submergent waterfowl food plants in backwater lakes and side-channels of
the Illinois River floodplain. Runoff from surrounding uplands, and sediment transported
into side-channels and bottomland lakes during Illinois River flood events has created
turbid conditions, soft substrates, and sedimented backwater lakes. In addition, exotic
fish (e.g. Cyprinus spp.) stir up bottom sediments, uproot vegetation, and re-suspend
contaminants, leading to secondary loss of wetland vegetation. Floodplain forests have
also changed from hard to soft-mast producing species (Havera 1999). The natural flood
pulse pattern essential to that system is presently impaired (Sparks et al. 1998; Koel &
Sparks 2002). The river now has unnaturally high water levels in the summer, with
several minor floods in midsummer that often drown moist-soil plants.

Despite these large scale changes in environmental quality, the Illinois River
floodplain still serves as an important migration staging area for waterfowl each year.
Chautauqua NWR has been designated a Western Hemisphere Shorebird Network Site
and a Globally Significant Bird Area (Havera 1999). The Chautauqua NWR supports
roughly 45% of waterfowl use of the Illinois segment of the Mississippi Flyway and
nearly 70% of the waterfowl that use the Illinois River Corridor (USFWS 2004). Over
1.5 million mallards have been recorded using the area during one census period (Havera

1999).
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East-central Wisconsin

This site was located near Waupun, WI in the Upper Rock River watershed in
southeastern Wisconsin, including portions of the Horicon National Wildlife Refuge and
extending into Dodge and Fond du Lac counties. Mean annual temperature is 7.6 C, with
average winter temperature ranging from -1.9 — -6.3 C and spring temperatures ranging
from 0.2 —14.3 C (Midwest Regional Climate Center 2008). Mean annual rainfall is 83.9
cm; greatest precipitation occurs in late summer and early fall (Midwest Regional
Climate Center 2008).

Surrounding land use consists largely of highly productive agriculture supported
by rich peaty soils and glacial outwash. Most of the agricultural land is used for dairy
farming. Wetland habitat in this area of Wisconsin is predominately cattail (7ypha spp.)
marsh, although some wetlands are managed to promote hemi-marsh habitat. The most
recent glaciations created numerous pothole wetlands which are attractive sources of
breeding habitat for many waterfowl. In fact, this site has the most significant numbers
of nesting blue winged teal, mallards and some diving ducks, compared to my other study
sites (Van Horn and Gatti 2006). Dodge and Fond du Lac counties, including the
Horicon area, are only 7 and 11% forested, respectively (Craven and Hunt 1984).

The Horicon Marsh system is considered the largest cattail (7ypha spp.) marsh in
the United States. The marsh consists of a shallow basin drained by the Rock River. The
northern 8,367 ha is managed by the U.S. Fish and Wildlife Service as Horicon NWR and
the remainder is managed by the Wisconsin Department of Natural Resources. There are
216 species of birds that commonly use Horicon Marsh. Another 32 species occasionally

occur there (USFWS, 1994). Recognizing the diversity of flora and fauna and the large
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populations of waterfowl that Horicon Marsh supports, the RAMSAR convention
designated Horicon Marsh as an Wetland of International Importance in 1990 (Davis
1994). However, severe problems continue to threaten the habitat resources of Horicon
marsh. The most severe problem is siltation due to soil erosion from surrounding
watersheds. Other major problems include rough fish infestation (mainly Cyprinus
carpio), purple loosestrife (Lythrum salicaria) infestation, high inflow of nutrients
(primarily phosphorous) into the marsh from surrounding farms, pastures and barnyards,
and overall loss of native vegetation communities.

East-central Wisconsin has been identified as the region of Wisconsin that
contains the majority of migratory habitat for waterfowl (UMRGLR Joint Venture 1998).
The importance of this region for migration, staging and nesting Canada geese (Branta
canadensis) has been well documented (Craven and Hunt 1984, Heinrich and Craven
1992), and is also important for many duck species (Stollberg 1950, VanHorn et al. 2006,

Wisconsin Department of Natural Resources 2008).

Scioto River

The Scioto River study site was centered on a 45 km segment of the Scioto River
approximately 15 km south of Columbus, OH. Mean annual temperature is 10.5 C with
average winter temperatures ranging from -3.06 — 5.67 C, and spring temperatures
ranging from -1.11 — 15.5 C (Midwest Regional Climate Center 2008). Mean annual
snowfall is 36.1 cm, with highest snowfalls in January, and the mean annual rainfall is

99.1 cm (Midwest Regional Climate Center 2008).
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The Scioto River area has numerous flat plains, many of which have been cleared
and farmed, and numerous small streams that remain open in winter and are tributaries to
the larger Scioto River. The lower Scioto River valley is very large compared to the
width of the river itself where melt-waters from retreating Ice Age glaciers carved the
valley exceptionally wide. Besides being Ohio's longest river, the Scioto River
Watershed is home to more species of fish and mussels than any other Ohio watershed.
Principal wetland areas within the site include Stage’s Pond Nature Preserve, which
encompasses two glacially formed kettle lakes and surrounding wetland communities,
and Calamus Swamp, a primarily cattail marsh. Forested wetlands are primarily
restricted to the banks of the Scioto River and Big Darby Creek. Despite the lack of
wetland area, there are hundreds of hectares of private land enrolled in the Conservation
Reserve Enhancement Program (CREP). So far, farmers have enrolled more than 22,000
ha in 15-year conservation agreements throughout the 1.6 million-hectare Scioto River
Watershed (The Nature Conservancy 2008). Flooded CREP areas provided access to
abundant food resources and increased the amount of usable habitat for waterfowl. Since
many of these CREP fields are within the Scioto River floodplain , they often become
inundated with floodwater during late winter and spring.

The Scioto River study site had the smallest total wetland area (946 ha) among the
six study sites, so this area’s importance to waterfowl is not well understood. Most of
this is the Scioto River itself. However the Scioto river valley likely serves as important
American black duck (4nas rubripes) and mallard wintering and migration habitat

(UMRGLR Joint Venture 1998).
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Lake Erie Marshes

The Lake Erie site was located about 2 km South of Port Clinton, Ohio, centered
around Sandusky Bay, Ohio. Mean annual temperature is 10.6 C with average winter
temperatures ranging from 0.4 — 2.9 C, and spring temperatures ranging from 3.6 — 15.8
C. Mean annual snowfall is 25.9 cm, with highest snowfalls in January, and the mean
annual rainfall is 95.6 cm.

The western Lake Erie marshes historically consisted of freshwater tidal marshes
bordering the Sandusky and Muddy Creek Bays. High water levels over the past several
decades have eradicated these naturally occurring marshes and current wetlands are
mostly impounded marshes actively managed by the Ohio Department of Natural
Resources Division of Wildlife, U.S. Fish and Wildlife Service or private waterfowl
hunting clubs. A landscape matrix of tiled agricultural fields surrounds Sandusky Bay,
leaving very little ephemeral flooded agricultural habitat; although many hunt clubs
actively flood croplands in the fall (Olson 2003, Baranowski 2007). The Winous Point
Marsh Conservancy (WPMC), located near the center of the Lake Erie site is the first
private duck hunting club in North America. WPMC consists of 570 ha of wetland
habitats and harbors thousands of waterfowl and shorebirds during fall and spring
migration (Farney 1975, Olson 2003, Steckel 2003, Baranowski 2007). The Lake Erie
marshes have always been important migration areas for waterfowl (Bookhout 1989).
Aerial surveys conducted by the Ohio Division of Wildlife confirm that hundreds of
thousands of waterfowl heavily use habitats in this region during both autumn and spring

migrations.
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Saginaw Bay

The Saginaw Bay study site was centered near Sebewaing, MI on the eastern
shore of Saginaw Bay between Fish Point State Game Area and Sand Point. Mean
annual temperature is 7.06 C, with average winter temperatures ranging from to -6.11 —
3.11 C, and spring temperatures ranging from -5.33 — 11.5 C. Mean annual snowfall is
85.6 cm and mean annual rainfall is 66 cm with the greatest precipitation occurring in late
summer (Midwestern Regional Climate Center 2008).

The study site emcompassed shallow waters within 5 km of the Lake Huron
shoreline, including Wildfowl Bay, and adjacent uplands and inland marshes < 5 km
from the shoreline. Several barrier islands with wetland and upland habitats were
included in the study site, including Middle Grounds, Heisterman, Maisou, Defoe,
Pitcher’s Reef, and Lone Tree Islands. These islands formed a boundary between the
shallower waters east of the islands and deeper water to the west. Water levels fluctuate
seasonally and daily, typical of freshwater coastal marshes (Bishop 1990). The highest
water levels occur when prevailing winds are from the north to northeast, while low
water levels occur during a south to southwest wind. Bottom sediments throughout the
bay range in size from large pebbles to clay, while medium to fine grained quartz sand is
also common (Wood 1964). Nalepa et al. (1995) estimated that 70% of the bottom
consists of sand, cobble, and gravel and 30% consists of silt/mud within the shallow
waters of inner bay.

The adjacent upland is largely rural and land use is primarily agriculture. Poorly
drained, nutrient rich loamy soils underlie most of the area. Nearly all of the agricultural

fields have been tiled to promote rapid run-off of surface water, discharging sediments
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into the bay. Major drainage systems include the Sebewaing River, Pigeon River, several
wide sand channels formed from glacial melt-water streams, and many man-made
channels including the Shebeon drain (Smith 1901).

Wetland habitats are primarily associated with the shallow waters of Saginaw Bay
and at Fish Point WA. The National Wetlands Inventory (NWI) identified >13,150 ha of
coastal wetland habitat as seasonally emergent wetland. These habitats typically lack
submergent vegetation and are dominated by bulrush (Scirpus spp.) in spring. Much of
the wetland habitat identified by the NWI has been destroyed due to wave action and
discharge of sediments into Saginaw Bay from adjacent croplands. In addition, common
reed (Phragmites australis) a non-native species has colonized and displaced much of the
native vegetation in these habitats. Cropland dominates the upland habitats; three main
crop types grown in the area including corn (Zea mays), soybean (Glycine max), and

sugar beet (Beta vulgaris).
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METHODS

Food Sample Collection

Sampling Design and Allocation

I used a Geographical Information System (GIS) to overlay 2,292 16-ha square
grid cells over combined wetlands inventory and soil moisture index (SMI) coverages of
each study site. I used the Wisconsin Wetlands Inventory (WWI; Johnnston 1984) to
identify wetlands at the Wisconsin study site and The National Wetlands Inventory
(NWI; National Wetlands Inventory 1990) for all other sites. The source date of imagery
used for both the NWI and WWI varied from 1978 —1984. Grid cells with > 0.8 ha of
wetland habitat were classified into one of three sampling strata based on wetland habitat
and wet soil composition. I chose this size threshold to increase the chance of
encountering wetlands within a cell in the field since NWI and WWI can potentially
misclassify smaller wetlands (Tiner 1997). I similarly classified the remaining cells as
cropland cells when they contained >8 ha of cropland identified as “prone” to flooding by
the SMI coverage (Ducks Unlimited 2005a). Wetland cells took priority over cropland
cells because cropland was the dominant land-use at all sites thus at some sites there
would not have been enough wetland cells to take an adequate sample from. Cells that
contained < 0.8 ha of NWI data and < 8 ha of SMI were not included in my sampling

design. At the Illinois River study site, adequate samples could not be obtained from
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selected cells so I drew samples from habitats outside my selected cells. These samples
were selected by convenience sampling but were selected in proportion to the amounts of
habitat in the area.

I further stratified wetland cells based on the predominant wetland type
(Cowardin et al. 1979) within the cell. Wetland cells were classified as palustrine
emergent (PEM), palustrine forested (PF), or lacustrine (LC). I used the Animal
Movements extension in ArcView 3.3 (Hooge and Eichenlaub 1997) to randomly select
wetland and cropland cells from each study site. Wetland cell types (i.e., PF, PEM, LC)
were selected in proportion to their availability at each study site. Therefore, my
sampling frame represented 16 ha cells, where there was at least 0.8 ha of wetland or
cropland habitats potentially usable by waterfowl.

I ground-truthed cells to determine the types of habitats actually present within
each randomly selected cell using a Dell PDA 750 with ArcPad (ESRI 2001). I classified
and confirmed wetlands within cells as palustrine forested (PF), palustrine emergent
(PEM) or lacustrine (LC) based on their hydrological characteristics and dominant
vegetation present at the time of each visit following the criteria of Cowardin et al.
(1979). I classified cropland (AG) habitats according to the crop type present. I used
maps with aerial photographs of the cell to delineate the boundaries of all habitat types
during each visit to a cell. Interpreting these maps and aerial photographs, I also
estimated the percentage of the wetland that was >30 cm deep. At each site a number
quota of food samples was identified based on processing capacity in the laboratory. I
sampled only as many cells as necessary to fill the quota. All or nearly all cells were

surveyed for waterfowl use, whereas a subset of cells was used to obtain food samples.
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Wetland Food Biomass

Sampling dates varied by study site, depending on timing and duration of passage
of waterfowl through each site during spring 2006. A pre-migration sample was always
taken immediately following ice-thaw, before migrating waterfowl arrived. A post-
migration food sample occurred after most waterfowl departed from each study site
(Appendix 1). I determined migration chronology from observed waterfowl use on my
study cells. I randomly selected wetlands in proportion to their occurrence within a
particular study site to estimate biomass (kg/ha) of both plant and invertebrate food items.
I obtained two samples from shallow (< 30 cm) and deep (>30 cm) zones of each wetland
except where the deep zone was absent. Thus, I obtained four total samples per wetland
per sampling round for most wetlands. I sampled nektonic biomass by sweeping a d-
frame net (33 cm diameter, 500 um mesh) in the water column within a 100 cm x 50 cm
x 75 cm, 500 pm mesh side panel drop box. I then sampled benthic biomass by inserting
a core sampler (7 cm diameter) 10 cm into the substrate at a random location within the
drop box. I washed samples in the field using a 500 um sieve bucket and placed them
into a 3.8 I labeled polyethylene bag containing 10% formalin solution. I categorized
each sampling location into one of four distinct vegetation cover classes (mostly
vegetated, interspersed vegetation, vegetated edges and mostly open water (Stewart and
Kantrud 1971). Irecorded the UTM coordinates of the sample location using a Global

Positioning System (GPS).
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Cropland Plant Food Biomass

I used a technique mo