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ABSTRACT 

 

Destruction of wetland habitat in North America throughout the late 1900’s, 

combined with decreased precipitation levels in key breeding areas, led to a severely 

depressed continental waterfowl population by the mid 1980’s.  The North American 

Waterfowl Management Plan (NAWMP) was initiated to restore waterfowl populations 

to levels of the mid 1970’s.  The plan is funded in part by the North American Wetland 

Conservation Act (NAWCA).  The NAWMP is a delivery mechanism for wetland and 

waterfowl conservation, and operates on a regional scale through partnerships called joint 

ventures.  The Upper Mississippi River and Great Lakes Region Joint Venture, which 

includes Ohio, was one of the first joint ventures to establish a biologically based mid-

migration waterfowl habitat conservation objective.  The objective to conserve 216,000 

ha of migration habitat, was largely based on estimates of energetic carrying capacity 

(ECC) and the assumption that food energy is a factor that potentially limits the survival 

and reproduction of migratory waterfowl.   I measured availability of seeds, tubers and 

submerged aquatic vegetation on 28 wetlands associated with 4 managed wetland 

complexes in northern and central Ohio, prior to fall migration 2001 and 2002 to evaluate 

the joint venture estimate of  ECC (1,236 duck-use-days per ha) (DUD/ha) for managed 

migration habitat.  ECC of managed habitat, prior to autumn migration, was 7,434  
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DUD/ha during 2001 and 2,018 DUD/ha during 2002.   

Weekly diurnal and nocturnal surveys also were conducted to determine the 

number of birds using wetlands and the relationship of observed use to ECC.  ECC values 

were higher (F = 10.28, P = 0.004) in 2001 on wetlands under a moist soil draw down 

management regime than those under a continuous water level management regime, but 

did not differ in 2002.  Use of moist soil draw down wetlands did not differ from partial 

draw-down wetlands, and no significant correlation existed between ECC and observed 

use during autumn migration.  This suggests that use of managed wetlands by migratory 

waterfowl during autumn is limited by some factor other than ECC, possibly disturbance.  

Although I observed a high degree of variability in ECC, adequate food energy was 

present to accommodate observed levels of use.  Sampling also was conducted before 

spring migration 2002 to determine residual ECC prior to spring migration.  Estimated 

residual ECC before spring migration 2002 was 83 DUD/ha for managed migration 

habitat.  As with autumn, moist soil managed wetlands had significantly higher ECC 

values than did partial draw-down managed wetlands. Although food availability did not 

appear to limit use of wetlands during autumn migration, my study casts doubt on the 

ability of existing mid-migration habitat to provide sufficient food resources to satisfy 

energetic requirements of waterfowl populations expected under NAWMP. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

Wetlands support a broad array of functions.  Provision of habitat for waterfowl is 

one of the most widely recognized functions.  Destruction of wetlands for agricultural 

purposes and urban expansion in recent years has greatly reduced the quantity and quality 

of wetlands suitable as waterfowl habitat (Sanderson 1980).  An estimated 53% of the 

original wetland area has been lost in the lower 48 states, with losses approaching or 

exceeding 90% in Iowa, Illinois, Missouri, Indiana, and Ohio (Dahl 1990).  Loss of 

breeding habitat severely depressed waterfowl recruitment during the 1980s, causing 

continental populations to reach record lows (Heitmeyer and Fredrickson 1981).  The 

North American Waterfowl Management Plan (NAWMP) serves as a delivery 

mechanism for wetland and migratory bird conservation.  The plan’s goal is to achieve a 

continental population of 62 million breeding ducks and 100 million ducks during 

autumn migration.  Initial efforts focused on conserving breeding habitat due to its 

importance to population recruitment.  Following dramatic population increases due in 

large part to breeding habitat improvements and favorable conditions on breeding areas, 

attention was shifted to wintering areas.  Recently, focus has been directed to mid-

migration habitat, the final component of waterfowl habitat.  The NAWMP is 

implemented through a network of state, federal and private partnerships called joint 
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ventures.  The Upper Mississippi River and Great Lakes Region (UMR&GLR) joint 

venture includes Nebraska, Kansas, Iowa, Missouri, Minnesota, Illinois, Wisconsin, 

Indiana, Michigan and Ohio (Figure 1.1).  This joint venture was the first to specifically 

state a biologically based migration habitat objective.  This objective is to conserve 

216,000 hectares of habitat on migration focus areas capable of supporting 266 million 

duck use days (DUD) during annual autumn migration, under average environmental 

conditions (U.S. Fish and Wildlife Service, 1998).    

Part of the rationale behind the conservation and restoration of mid-migration 

habitat is the theoretical link between mid-migration habitat conditions, body condition of 

migrating waterfowl, and reproductive success.  The timely completion of annual life 

cycle events by female mallards provides increased opportunity to store energy reserves 

for spring migration (Heitmeyer 1988).  Mate selection and pairing typically follow the 

completion of the pre-alternate molt on wintering grounds.  Pairing affords females the 

added benefit of increased foraging opportunity while males defend both foraging areas 

and their mates (Heitmeyer 1985).  Body and lipid masses are important determinants of 

survival (Haramis et al. 1986, Hepp et al. 1986) and reproductive potential (Ankney and 

MacInnes 1978, Raveling 1979, Krapu 1981).  The ability to replenish spent energy 

reserves on mid-migration habitat allows females to exploit high protein food resources 

on breeding areas and potentially maximize reproductive success and eventually 

recruitment (Krapu and Doty 1979, Heitmeyer and Fredrickson 1981, Krapu 1981).  

Therefore, it stands to reason, that the provision of food resources to meet the energetic 

and nutritional demands of migrating waterfowl should be a primary consideration of any 

biologically based mid-migration habitat conservation initiative.   
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Food availability was identified as the limiting factor within the UMR & GLR JV, 

therefore, planners used knowledge of waterfowl energetics to link wetland food 

production and carrying capacity for migrating and wintering waterfowl.  Prince (1979) 

suggested that a mallard (Anas platyrhynchos) of average size (1.1 kg) would expend 

280-290 kcal/day under climatic factors frequently encountered by postbreeding ducks 

(0-200 C).  Reinecke et al. (1989) extended this estimate to suggest 292 kcal is the daily 

energy expenditure of a 1.15 kg mallard, and subsequently applied this value to habitat 

carrying capacity calculations for the Lower Mississippi Valley joint venture (Loesch et 

al. 1994).  To simplify calculations of food energy requirements and hedge against 

underestimation, Loesch et al. (1994) assumed for all joint ventures of migrational or 

wintering significance that all dabbling ducks are mallard-sized.   

Estimates of average food energy of moist-soil seeds in Lake Erie marshes ranged 

from 1.08 kcal/g for Pennsylvania smartweed (Polygonum pensylvanicum) to 3.0 kcal/g 

for rice cut-grass (Leersia oryzoides) (Hoffman and Bookhout 1985).  Based on these and 

other data (e.g., Miller 1987) for foods consumed by migrating and wintering waterfowl, 

Reinecke et al. (1989) suggested that 2.5 kcal/g was a reasonable average for food energy 

content of moist-soil seeds and 1.8 kcal/g for submerged vegetation.  With knowledge of 

daily energy requirements for migrating and wintering ducks and mass-based energy 

content of favored moist-soil seeds and submerged vegetation, calculation of wetland 

carrying capacity requires only an estimate of the production of preferred food items 

within wetlands.   

To facilitate comparisons among wetlands, estimates of carrying capacity are often 

standardized to a unit area (e.g., DUD per hectare).  Joint venture planners relied upon 
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prior estimates of average food availability (i.e., moist-soil seeds) within wetlands 

commonly used by migrating and wintering ducks to simplify the formulation of habitat 

goals and objectives (Reinecke et al. 1989, Loesch 1994).  A conservative estimate of 

1,236 DUD/ha was assumed as an average carrying capacity for non-agriculture, 

managed wetlands.  This value was used to establish a mid-migration habitat 

conservation objective of 215,585 ha.  This habitat conservation objective gives little 

consideration to privately owned wetlands not associated with any wetland complex, 

because they are not under a consistent management regime and are therefore regarded as 

unreliable to waterfowl food provision.   

Wetland restoration and construction attempts to offset the adverse biological and 

ecological effects associated with loss of wetland habitats.  Wetland management, 

involving mechanical manipulation of water levels, attempts to mimic the dynamic 

hydrology of naturally occurring wetlands (Reid et al. 1989).  Wetland restoration, 

construction, and management can be costly, as they usually require excavation of soil in 

addition to installation of water control structures.  Additionally, a dependable source of 

water is essential as is manpower to maintain impoundments and control water levels.  

These constraints, combined with the high degree of land under public ownership in 

midwestern states, often limit the feasibility of wetland construction in key migration 

areas.  States that attempt to provide dependable mid-migration habitat for migratory 

waterfowl are forced to balance the high costs of land acquisition, construction, and 

management with the benefits realized by wildlife populations.  Economic expenditure, 

resident wildlife population levels, migration pathways, and the pre-settlement landscape 

are only a few of the considerations that must be addressed when attempting to 



 17

implement biologically sound habitat restoration and management 

Would a more precise estimate of wetland carrying capacity, including privately 

owned wetlands, provide insight regarding waterfowl habitat area requirements within 

the joint venture?  Do levels of food availability compared to the levels of bird use 

observed on managed wetlands provide validation of the joint venture habitat 

conservation objective?  Finally, based on economic inputs of wetland management and 

observed use of wetlands, what are the most efficient wetland conservation, restoration 

and management strategies?  The following research objectives were used to examine 

these questions: 

1) Compare plant food availability among wetlands that vary with intensity of       

management before autumn and spring migration.    

2) Compare waterfowl use of complex based and privately owned wetlands 

during autumn and spring migration.  

3) Assess the cost effectiveness of wetland management by relating food      

availability and waterfowl use to management inputs based on cost estimates.  

 
 



 
 

Figure 1.1.  The Upper Mississippi River and Great Lakes Region Joint Venture 
incorporates 10 states located in the drainage basin of the upper Mississippi River and 
western Great Lakes.  
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CHAPTER 2 
 
 

STUDY AREA AND METHODS 
 
 

STUDY AREA  

The Lake Erie marshes and prairie wetlands of northern and north-central Ohio 

that historically provided mid-migration waterfowl habitat have been replaced in large 

part by agriculture and urban development.  Extensive use of dikes, ditches and drainage 

tiles has allowed the historically un-tillable landscape to be intensively farmed.  The 

remaining wetland habitat that exists in northern and north-central Ohio today consists 

primarily of large tracts of land owned and managed by The Ohio Department of Natural 

Resources Division of Wildlife, U.S. Fish and Wildlife Service or private waterfowl 

hunting clubs.  

Big Island Wildlife Area (BIWA), located 8 km west of Marion, Ohio, is the 

largest wetland prairie in Ohio, at 2,036 ha.  Marsh construction began on the area in 

1971. Until recently, approximately 75% of the area consisted of a mixture of agricultural 

fields and prairie grasses.  Completion of 2 major marsh restoration projects in 1996 and 

2001 added 486 ha of wetland habitat.  Average annual precipitation is 84.3 cm with an 

annual growing season of 150 days (Ohio State University 1995). 

Killdeer Plains Wildlife Area (KPWA) is situated in a natural basin of flat, poorly 

drained soils formerly covered by prairie sloughs, approximately 13 km south of Upper 
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Sandusky, Ohio.  Nearly 2,000 ha of wetland habitat exist on the Wildlife Area including 

a 1,500 ha waterfowl refuge, 145 ha greentree reservoir, and numerous small ponds.  A 

115 ha upground reservoir provides water for wetland management.  Average annual 

precipitation for KPWA is 89.9 cm, with an annual growing season of 150 days (Ohio 

State University 1995). 

Pickerel Creek Wildlife Area (PCWA) borders the south shore of Sandusky Bay, 

and is located approximately 11 km east of Fremont, Ohio.  Although areas of upland 

grasses and forests are maintained on the wildlife area, the primary habitat type is 

approximately 485 ha of wetland habitat.  Additional land acquisition and marsh 

restoration projects are currently in progress.  Average annual precipitation is 88.1 cm 

with an annual growing season length of 180 days (Ohio State University 1995).    

Wetlands at BIWA, KPWA, and PCWA were managed with the intention to 

provide a variety of wetland habitat types for waterfowl and other migratory wetland 

dependent birds.  All three areas are operated by the Ohio Department of Natural 

Resources Division of Wildlife and provide opportunities for public hunting and wildlife 

viewing.   

Winous Point Marsh Conservancy (WPMC) is a privately owned wetland 

complex that supports a variety of wetland habitat types for migratory and resident 

wildlife.  Winous Point is located at the mouth of Muddy Creek Bay, approximately 10 

km south of Port Clinton, Ohio.  The area has historically been an important migration 

stopover for many waterfowl species and a major migration staging area for American 

black ducks (Anas rubripes) (Robb 2002).  Winous Point Shooting Club was founded in 

1867 as the first private shooting club in North America.  The Marsh Conservancy and 
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club include 570 ha of managed wetland habitat.  Average annual precipitation is 84.8 cm 

with an annual growing season of 180 days (Ohio State University 1995). 

METHODS 

Site Selection 

Sixteen wetlands from four managed wetland complexes in Marion, Wyandot, 

Sandusky, and Ottawa counties in central and northern Ohio were selected using a 

stratified random design.  Site selection included two inland wetland complexes, BIWA 

and KPWA, and two Lake Erie coastal wetland complexes, WPMC and PCWA (Figure 

2.1).  Four wetland units were randomly selected from each complex.  Winous Point 

Marsh Conservancy, PCWA, and BIWA received funding for wetland restoration 

projects under the North American Wetland Conservation Act (NAWCA).  Wetlands 

located within the boundaries of these 4 managed wetland complexes are heretofore 

referred to as complex based wetlands.  Although WPMC is not under public ownership, 

the management activities employed therein, are representative of those employed on the 

3 publicly owned wetland complexes.  Therefore, WPMC was included as a managed 

wetland complex, and any references to privately owned wetlands in this paper do not 

pertain to wetlands located within the boundaries of WPMC.  In addition to the 16 

complex based wetlands, four privately owned wetlands per complex were randomly 

selected from those located within a 1.6 km radius of each managed wetland complex 

except for BIWA and KPWA where only one and three private wetlands were present, 

respectively. All privately owned wetlands were secured and restored under some form of 

conservation easement (Conservation Reserve Program, Wetland Reserve Program), and 

some of these restoration projects received funding through the North American 
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Wetlands Conservation Act.  These private wetlands, located adjacent to wetland 

complexes are hereafter referred to as privately owned wetlands. 

Mechanical manipulation of water level is the primary means of wetland 

management and consists of opening or closing a drain or control structure, moving water 

into or out of a wetland with a pump, or some combination of both.  All selected wetland 

units were equipped with mechanical control structures, pumps or both and as such 

possessed the capacity for water level manipulation independent of natural precipitation 

levels.  All units selected from within wetland complexes were actively managed.  All 

selected privately owned wetlands included mechanical water control structures, pumps, 

or both, but few were actively managed.  The management practices employed on 

privately owned wetlands consisted of a complete dewatering in late spring or early 

summer, followed by re-flooding in September or October.  Such management practices 

reflect a moist soil draw-down management regime.  On those wetlands not receiving 

intentional management activities, water levels were allowed to fluctuate with 

precipitation, evaporation and transpiration, but water control structures prevented 

complete dewatering and soil drying.  While not intentional management, these water 

conditions reflect a partial draw-down management regime.   

Vegetation Analysis 

Wetland units ranged in size from 0.4 - 93 ha.  The large area of some units along 

with stands of dense emergent vegetation restricted visibility on some units.  For this 

reason, food sampling and waterfowl censuses were conducted only on portions of units 

that were not visually restricted.  
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Wetland units were stratified by vegetation type; moist soil (MS) consisting 

primarily of annual grasses and forbs (Echinochloa spp., Leersia spp., Polygonum spp.), 

emergent marsh consisting primarily of aquatic macrophytes emerging from the water 

column (Alisma plantago, Sagittaria spp., Typha spp.), submerged marsh (SM) 

consisting of aquatic macrophytes restricted to the water column (Najas spp., 

Potamogeton spp.), and non-vegetated open water (NVOW) in which water depth or 

clarity prevented the growth of vegetation.  These vegetation zones develop from 1 of 2 

general management regimes.  Moist soil draw-down management consists of reducing 

water levels during late spring or early summer to expose the soil and promote 

germination of typically terrestrial plants.  Units are then re-flooded before fall migration 

to allow waterfowl access to seeds.  Moist soil management is a more active and labor-

intensive form of management and often requires soil disturbance or pesticides to control 

invasion of exotic and other undesireable plants.  Favored varieties of millet (Echinochoa 

spp.) and in some cases, row crops such as corn (Zea maize) are sometimes planted to 

attract waterfowl.  Partial draw-down management is generally less labor and cost 

intensive as water levels are only partially reduced to prevent drying of the entire 

wetland.  This results in a vegetation community that characterizes a typical marsh.  

Vegetation diversity is generally highest under a partial draw-down management regime.  

Although this form of management requires less physical and economic input, and often 

provides dense stands of cover, it is less productive in terms of high energy seeds.  When 

employing a partial draw-down management regime, water depth reduction of 30-40 cm 

typically results in the growth of emergent, aquatic vegetation.  Maintenance of relatively 

consistent water levels generally produces submerged vegetation or can prevent 
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vegetation if water is too deep or turbid.  In all these situations, however, the underlying 

management principle of maintaining relatively constant water levels remains consistent.  

Energetic Carrying Capacity    

Energetic carrying capacity (ECC) prior to fall migration was determined by 

sampling plant food biomass above the water column (standing seed) and in the water 

column (submerged vegetation).  Plant food availability is defined as the biomass (kg/ha) 

of seeds and tubers of plant species known to be commonly used by waterfowl (Table 

2.1) and present in wetlands that are flooded during autumn and spring migration 

(Haukos and Smith 1993, Anderson and Smith 1999).  This is consistent with the 

approach used to estimate carrying capacity by the UMR&GLR joint venture.  Sampling 

was conducted at the end of the growing season (17 August - 18 October) to ensure that 

estimates included all seed biomass produced prior to autumn migration.  Sampling was 

conducted at the same plot locations during spring migration (7 March - 2 April) to 

determine the loss of plant food biomass during autumn migration. 

Fifteen sample plots were distributed throughout each wetland.  Using hand 

drawings and air photos, sample plots were allocated proportionally to the relative area of 

each vegetation zone represented in the wetland.  A minimum of 3 plots were allocated 

per vegetation zone. Sample plots were randomly distributed within vegetation zones.  

Because sample plots were allocated proportionally to the area of vegetation zones in 

each wetland, percent contribution of each vegetation zone to total wetland area was 

calculated as the percent of all plots in a wetland allocated to a vegetation zone.  For 

instances in which the minimum of 3 plots (20%) did  not accurately represent the 
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proportion of a vegetation zone, the percent contribution was adjusted based on maps or 

air photos.   

Standing seed biomass was determined by counting the number of mature 

inflorescences of each plant species known to be commonly used by waterfowl present in 

a 0.25 m2 sampling frame.  For each species, one representative inflorescence was 

selected, clipped, and returned to the laboratory in a sealed plastic storage bag.  All seeds 

from clipped inflorescences were thrashed and separated from chaff, dried to constant 

mass and weighed.  Dry mass was multiplied by the total number of inflorescences of 

each species present in the sampling frame to determine dry total biomass per plot.  Soil 

in the sample frame was excavated to a depth of 10 cm and rinsed through a sieve bucket 

in plots where tuber-producing species were found.  All tubers found were placed in a 

sealed plastic storage bag, returned to the laboratory, dried to constant mass and weighed. 

Biomass of submerged vegetation was determined by collecting all submerged waterfowl 

food plants present in the sampling frame.  All collected vegetation was placed in a 

sealed plastic storage bag, returned to the laboratory, dried to constant mass and weighed.  

 Plant food biomass present before spring migration was determined using sample 

plots located within a 15 m radius of sample plots visited prior to fall migration.  This 

was done to avoid sampling in the same plot locations as in autumn.  At each plot, a 

sweep net was used to remove vegetative material in a vertical column of water contained 

by a 30 cm diameter stovepipe sampler (Feddersen 2001).  Net sweeps were continued 

until it was apparent that no more vegetative material was being recovered from the 

cylinder.  Contents of each net sweep were combined and rinsed with water in a sieve 

bucket, placed in a sealed plastic storage bag, returned to the laboratory and frozen until 
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processing.  Samples were rinsed through a U. S. Standard 1 mm mesh sieve, and all 

seeds known to be commonly used by waterfowl were hand sorted, dried to constant 

mass and weighed.  All submerged vegetation from the previous growing season had 

decomposed and no new submerged vegetation was present when plots were sampled in 

spring.  Therefore, seeds and tubers were the only plant food present before spring 

migration. 

Plant food biomass data was used to calculate predicted duck use days based on 

the mass of food required to provide sufficient energy to support an average size duck (~ 

1.15 kg) for one day under average environmental conditions (Prince 1979).  Natural 

variation in the energy content of waterfowl foods necessitates the use of multiple values 

for true metabolizeable energy content.  I used the following formula to calculate wetland 

carrying capacity in terms of duck use-days:   

Duck Use-Days (DUD) =  Food Available (g [dry]) x Metabolizeable Energy (i.e., 2.5 
kcal/g [dry]) 
    Daily Energy Requirement (i.e., 292 kcal/day) 

Waterfowl Censuses 

Waterfowl censuses of all wetland units were conducted weekly during 13 

September – 23 December 2001, 11 March – 8 April 2002, and 15 October – 2 December 

2002.  The number and species of all waterfowl present were recorded at each visit.  The 

vegetation zone in which each bird was observed was also recorded when conditions 

permitted.  Hunting disturbance on many of the wetland units raised concern about 

nocturnal feeding and accurately detecting the number of birds using a wetland.  To 

address this problem, nocturnal censuses were conducted with Dark Invader Nightmare 

night vision optics, equipped with a Meyers model #50 laser illuminator and Phoenix 500 
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mm adjustable lens. Diurnal and nocturnal bird use was determined by multiplying the 

total number of birds observed during diurnal and nocturnal counts by the number of days 

between survey dates and by the proportion of daylight for the survey date.  Diurnal and 

nocturnal use estimates were summed to provide total bird use for one week.  Weekly 

estimates for each unit were summed over all weeks of a migration to provide a 

cumulative total estimate of DUD for a given unit.  This estimate was divided by the total 

area of the unit to give an estimate of DUD/ha.    

Wetland Management Cost Analysis 

Information regarding the costs of management practices used on each wetland 

unit was collected from wetland complex managers (Appendix E).  Additional 

information regarding the costs of wetland construction and restoration was provided by 

Ducks Unlimited, Inc.  This information included the cost associated with the 

construction and management of impounded wetlands; the number, type and capacity of 

pumps and water control structures, length, height and construction method used for 

impoundments, cost of water level management, and costs associated with the 

maintenance and operation of a wetland complex.  This information was used to provide 

an assessment of the cost effectiveness of wetland management practices being used.  

Statistical Analysis 

 Frequency distributions of ECC and use data indicated that values were not 

normally distributed.  So, statistical analyses were conducted on log-transformed values.  

A set of orthogonal contrasts was used to identify differences in wetland groups after 

one-way analyses of variance.  Wetlands were grouped according to geographic region 

and ownership, and comparisons consisted of complex based versus privately owned 
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wetlands, coastal complexes versus inland complexes, WPMC versus PCWA, KPWA 

versus BIWA, and coastal private wetlands versus inland private wetlands.  Correlation 

analyses were conducted to determine if the use of wetlands was related to ECC.  

Analyses were conducted using the SAS System for Windows (SAS Institute 1990).          

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Figure 2.1.  Locations of 4 managed wetland complexes where plant food availability and 
waterfowl use were measured during autumn 2001 and 2002 and spring 2002; Winous 
Point Marsh Conservancy (WPMC), Pickerel Creek Wildlife Area (PCWA), Killdeer 
Plains Wildlife Area (KPWA), and Big Island Wildlife Area (BIWA). 
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       Foraging Guild 
                                                ________________________________________________ 
Plants    Dabbling Ducksa Diving Ducksb           Grazing Ducksc 

 
Moist Soil 
  
 Barnyard-grass  * *   * 
 (Echinochloa spp.) 
 
 Beggar Ticks   *    
 (Bidens spp.) 
 
 Foxtail    * 
 (Setaria spp.) 
 
 Panic grasses   *   * 
 (Panicum spp.) 
 

Rice cut-grass   *   *   * 
(Leersia oryzoides) 
 
Smartweed   *   *    
(Polygonum spp.) 

 
Emergent Marsh 
 
 Arrowhead   *   *    
 (Sagitaria spp.) 
 
 Bulrush   *   * 
 (Scirpus spp.) 
 
 Buttonbush         * 
 (Cephalanthus spp.) 
 
 Sedges    *   *    
 (Carex, Cyperus spp.) 
 
 
Table 2.1.  Wetland plants commonly used by 3 foraging guilds of waterfowl, listed by 
vegetation zone of occurrence.  Plant foods consumed by guild are indicated by *. 
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       Foraging Guild 
                                                ________________________________________________ 
Plants    Dabbling Ducksa Diving Ducksb           Grazing Ducksc 

 
Submergent Marsh 
 
 Coontail   *   *   * 
 (Ceratophyllum demersum) 
 
 Pondweed   *   *   * 
 (Potamogeton spp.) 
 
 Water shield   *   *   * 
 (Brasenia shreberi) 
 
 Widgeongrass         * 
 (Ruppia maritima) 
 
 Wildcelery   *   *   * 
 (Valisineria americana) 
 
 
 
Table 2.1. Continued. 
 
a (McAtee 1939, Fassett 1957, Delnicki and Reinecke 1986), b (Mcgilvrey 1966, 
Bartonek and Hickey 1969, Hoppe et al. 1986), c (Bellrose 1980, Martin and Uhler 1939) 
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CHAPTER 3 
 

RESULTS 

 

ENERGETIC CARRYING CAPACITY 

Autumn 

Mean energetic carrying capacity (ECC) during 2001 averaged across all 

wetlands, prior to autumn migration was 5,929 DUD/ha.  Mean ECC for complex based 

and privately owned wetlands was 7,434 DUD/ha and 3,739 DUD/ha, respectively.  

During 2002, mean ECC averaged across all wetlands, prior to autumn migration was 

2,500 DUD/ha while mean ECC for complex based and privately owned wetlands was 

2,018 DUD/ha and 3,202 DUD/ha respectively. 

Moist soil vegetation accounted for 35% of all wetland area in 2001, but produced 

77% of total ECC (Figure 3.1).  Similarly, MS vegetation accounted for 56% of all 

wetland area and contributed 80% of total ECC in 2002 (Figure 3.2) 

Sixteen units were under a moist-soil draw-down management regime, while 11 

units were under a partial draw-down management regime, during 2001.  This shifted to 

13 moist soil units and 14 partial draw-down units during 2002.  Moist soil managed 

units had higher ECC than partial draw-down managed units during 2001 (F = 10.28, P = 

.0037), but did not differ in 2002 (Figure 3.3).  

Seeds of moist soil plants contributed the greatest proportion of ECC during both 
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years (Figure 3.4).  Submerged vegetation, an important food source for grazing and 

diving ducks, contributed considerably less to overall ECC.  Tubers were found in sample 

plots only in 2001 and contributed < 1% of overall ECC. 

 ECC did not differ between complex based and privately owned wetlands in 

2001 (F = 1.56, P = 0.225) or 2002 (F = 1.74, P = 0.201)  (Table 3.1).  ECC did not 

differ between coastal and inland managed complexes in 2001 (F = 0.04, P = 0.838) or 

2002 (F = 0.70, P = 0.414).    ECC did not differ among units at Winous Point and 

Pickerel Creek in 2001 (F = 0.02, P = 0.894) or 2002 (F = 0.50, P = 0.489).  ECC did not 

differ among units at Killdeer Plains and Big Island in 2001 (F = 1.86, P = 0.187) or 

2002 (F = 0.00, P = 0.987).  ECC did not differ between coastal and inland privately 

owned wetlands in 2001 (F = 0.13, P = 0.721) or 2002 (F = 2.88, P = 0.105).

Spring 

 Residual ECC did not differ between complex based and privately owned 

wetlands (F = 0.72, P = 0.404) during spring 2002 (Table 3.2).  ECC did not differ 

between coastal and inland managed complexes (F = 0.02, P = 0.893).  ECC among units 

located at Winous Point did not differ from units located at Pickerel Creek (F = 0.49, P = 

0.492).  ECC among units located at Killdeer Plains did not differ from units located at 

Big Island (F = 0.11, P = 0.743).  ECC did not differ between coastal and inland privately 

owned wetlands (F = 1.46, P = 0.239). 

Mean ECC on moist soil draw-down managed wetland units was greater (F = 

9.60, P = .0046) than that of partial draw-down units during spring 2002. 

 

 



 34

WETLAND UTILIZATION 

Autumn 

Cumulative mean utilization rates averaged across all wetlands in autumn 2001 

was 253 DUD/ha and 54 DUD/ha in autumn 2002.  Two major waves of duck movement 

were observed (Figure 3.5), both corresponding to cold fronts that moved through the 

study area.   Diurnal observations accounted for the majority of wetland use from the 

beginning of surveys until approximately 29 November 2001 when patterns shifted to 

nocturnal use.  Dabbling ducks comprised the largest component of use observed during 

autumn 2001 (Figure 3.6). 

In autumn 2002, surveys were initiated approximately 4 weeks later than in 2001 

due to unusually warm weather in September, 2002 and ended earlier than in 2001 due to 

unseasonably cold temperatures that caused an early freeze beginning around 28 

November.  Similar to autumn 2001, two major waves of duck movements were observed 

(Figure 3.7).  The first wave was comprised largely of diurnal use while the second wave, 

beginning around 5 November consisted primarily of nocturnal use.  As in 2001, 

dabbling ducks represented the majority of observed use (Figure 3.8). 

Use of complex based wetlands exceeded that of privately owned wetlands 2001 

(F = 4.23, P =0.052), but did not differ in 2002 (F = 2.39, P = 0.137) (Table 3.3).  Use of 

coastal wetland complexes did not differ from inland wetland complexes in 2001 (F = 

0.52, P = 0.478) or 2002 (F = 0.07, P = 0.791).  Use of wetlands at Winous Point did not 

differ from use at Pickerel Creek during 2001 (F = 2.51, P = 0.128) or 2002 (F = 3.27, P 

= 0.085).  Use of wetlands at Killdeer Plains did not differ from use of those at Big Island 

in 2001 (F = 1.01, P = 0.327) or 2002 (F = 0.65, P = 0.428).  Use of privately owned 
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wetlands in inland regions was greater than that of coastal regions during 2001 (F = 4.99, 

P = 0.037), but did not differ in 2002 (F = 0.59, P = 0.451).  No differences were 

observed in the use of MSD and CWL managed wetlands in 2001 (F = 0.14, P = 0.707) 

or 2002 (F = 0.17, P = 0.683).  

Spring 

All wetlands were frozen by 23 December 2001, but re-opened in mid January 

due to unseasonably warm temperatures.  Consequently, many birds were already using 

wetlands prior to spring surveys.  Use patterns throughout spring 2002 primarily 

consisted of diurnal activity.  Nocturnal observations comprised 21% of total 

observations during the spring migration period (Figure 3.9).  Dabbling ducks comprised 

the largest component of observations, while, diving and grazing ducks accounted for a 

greater share of overall use than during fall migration 2001 or 2002 (Figure 3.10).  

Cumulative mean use of wetlands during spring was 109 DUD/ha.  

Use of MSD managed wetland units did not differ (F = 0.32, P = 0.579) from 

CWL managed units during spring 2002 (table 3.2).  Use of wetland units did not differ 

(F = 0.14, P = 0.707) between complex based and privately owned wetlands.  Use of 

wetland units did not differ (F = 0.65, P = 0.427) between coastal and inland managed 

complexes or between coastal and inland privately owned wetlands.  Use of units located 

at Winous Point did not differ (F = 0.01, P = 0.911) from units located at Pickerel Creek.  

Use of units located at Killdeer Plains did not differ (F = 0.35, P = 0.562) from units 

located at Big Island.  

ENERGETIC CARRYING CAPACITY AND WETLAND UTILIZATION  
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 Use of wetlands in autumn was not correlated with ECC available prior to fall 

migration during either year (Figures 3.11 and 3.12).  Use of wetlands during fall 2001 

was not correlated with the decline in ECC from fall 2001 to spring 2002 (Figure 3.13).  

Use of wetlands during spring 2002 was not correlated with ECC, however, a positive 

relationship did exist between ECC and observed use for coastal complexes and inland 

complexes (Figures 3.14 and 3.15).  Use of wetlands during spring was not correlated 

with the decline in ECC from autumn 2001 to spring 2002 (Figure 3.16).   
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Figure 3.1.  Percent coverage (left) of 4 wetland vegetation zones of complex based and privately owned wetlands in northern and 
north-central Ohio during autumn 2001 and percent contribution (right) to overall mean energetic carrying capacity of 5929 DUD/ha.  
Moist soil vegetation accounted for 35% of vegetative cover and contributed 77% of total ECC. 
 
 
 

 
 
 

37



 38

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Moist Soil
56%

Emergent 
Marsh
19%

Submerged 
Marsh
17%

Non-vegetated 
Open Water

8%

Moist Soil 2028
80%

Open Water 0
0%

Submerged 
Marsh 239

10%

Emergent 
Marsh 233

10%

Figure 3.2.  Percent coverage (left) of 4 wetland vegetation zones on complex based and privately owned wetlands in northern and 
north-central Ohio during autumn 2002 and percent contribution (right) to overall mean energetic carrying capacity of 2500 DUD/ha.  
Moist soil vegetation accounted for 56% of vegetative cover and contributed 80% of total ECC. 
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Figure 3.3.  Energetic carrying capacity and observed use of complex based and privately 
owned wetlands in northern and north-central Ohio in autumn under moist soil draw-
down and partial draw-down management regimes.  * denotes significant difference (P < 
0.05). 
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 Duck-use-days per hectarea 

   2001       2002 
 Mean       SE    n Mean         SE    n 
       
Complex 7,434 2,388.72 16 2,018 842.26 16 
    
     Coastal 6,699 2,162.5 8 2,089 1,127.29 8 
    
          Winous Point 3,621 2,033.09 4 2,756 2,202.8 4 
    
          Pickerel Creek 9,776 3,372.72 4 1,421 883.44 4 
    
     Inland 8,169 4,429.84 8 1,947 1,329.68 8 
    
          Killdeer Plains 9,799 8,550.28 4 2,730 2,682.74 4 
    
          Big Island 6,538 4,086.02 4 1,164 803.12 4 
    
Private 3,739 1,424.03 11 3,202 1,280.33 11 
    
     Coastal * 5,274 2,043.47 7 2,521 1,778.82 7 
    
     Inland 1,053 441.73 4 4,392 1,791.32 4 
 
 
Table 3.1.  Energetic carrying capacity of complex based and privately owned wetlands 
in northern and north-central Ohio during autumn 2001 and 2002, according to 
ownership, geographic region and complex. a Means followed by * denote a significant 
difference (P < 0.05) within a hierarchical category for a specific year. 
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Figure 3.4.  Energetic carrying capacity of complex based and privately owned wetlands 
in northern and north-central Ohio prior to fall migration 2001 and 2002.  Seeds 
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comprised the largest portion of ECC during both years followed by submerged 
vegetation.  Tubers accounted for only 0.3 % of total ECC in 2001 and 0% in 2002.  
 
 
 
 
 
 
 
 
       
 Duck-use-days per hectare 
   ECC    Use 
   Mean         SE      n   Mean         SE     n 
       
Complex 83 27.27 16 654 341.38 16 
    
     Coastal 58 24.31 8 132 52.58 8 
    
          Winous Point 39 22.69 4 202 88.06 4 
    
          Pickerel Creek 77 44.67 4 62 43.48 4 
    
     Inland 107 49.24 8 997 665.77 8 
    
          Killdeer Plains 82 72.08 4 122 62.18 4 
    
          Big Island 132 75.43 4 1,872 1,246.63 4 
    
Private 391 282.33 11 920 448.42 11 
    
     Coastal 582 414.9 7 1218 657.99 7 
    
     Inland 7 4.21 4 324 117.53 4 
 
 
Table 3.2.  Residual energetic carrying capacity and observed waterfowl use of complex 
based and privately owned wetlands in northern and north-central Ohio during spring 
2002, arranged according to ownership, geographic region, and complex.
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Figure 3.5.  Weekly waterfowl utilization rates (duck-use-days/ha) observed on complex based and privately owned wetlands in 
northern and north-central Ohio during autumn migration, 2001.   A dramatic shift from primarily diurnal to primarily nocturnal use 
occured in late November possibly as a response to colder temperatures or increased hunting disturbance. 
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Figure 3.6.  Weekly waterfowl foraging guild utilization rates (duck-use-days/ha) observed on complex based and privately owned 
wetlands in northern and north-central Ohio during autumn migration, 2001.  Dabbling ducks comprised the largest portion of use 
observed on managed migration habitat. 
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Figure 3.7.  Weekly waterfowl utilization rates (duck-use-days/ha) observed on complex based and privately owned wetlands in 
northern and north-central Ohio during autumn migration, 2002.  As with 2001, use patterns were primarily diurnal until a dramatic 
shift to nocturnal use in early November. 
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Figure 3.8.  Weekly waterfowl utilization rates (duck-use-days/ha) observed on complex based and privately owned wetlands in 
northern and north-central Ohio during autumn migration, 2002.  As in 2001, dabbling ducks accounted for the largest component of 
use on managed mid-migration habitat. 
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 Duck-use-days per hectare 
   2001       2002 
 Mean       SE    n Mean         SE    n 
       
Complex 423.36 185.23 16 82.21 45.11 16 
    
     Coastal 525.41 338.62 8 127.89 88.92 8 
    
          Winous Point 942.83 639.54 4 248.75 164.72 4 
    
          Pickerel Creek 107.98 99.72 4 7.03 5.22 4 
    
     Inland 321.31 171.46 8 36.54 14.82 8 
    
          Killdeer Plains 419.9 289.15 4 33.69 29.10 4 
    
          Big Island 222.72 217.05 4 39.39 13.14 4 
    
Private 27.55 16.69 11 18.58 11.79 11 
    
     Coastal 0.19 0.19 7 8.29 5.43 7 
    
     Inland 75.44 36.36 4 36.58 31.65 4 
 

Table 3.3.  Observed waterfowl use of complex based and privately owned wetlands 
located in northern and north-central Ohio during autumn 2001 and 2002, arranged 
according to ownership, geographic region, and complex. 
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Figure 3.9.  Weekly waterfowl utilization rates (duck-use-days/ha) observed on complex based and privately owned wetlands in 
northern and north-central Ohio during spring, 2002.  Diurnal use exceeded nocturnal use throughout the duration of the migration 
period.   
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Figure 3.10.  Weekly waterfowl utilization rates (duck-use-days/ha) observed on complex based and privately owned wetlands in 
northern and north-central Ohio during spring, 2002.  Similar to fall migrations, dabbling ducks accounted for the majority of use 
throughout the migration period.  Grazing and especially diving ducks represented higher percentages of total use than in autumn. 
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Figure 3.11.  Energetic carrying capacity versus observed use of complex based and 
privately owned wetlands in northern and north-central Ohio during autumn 2001. 
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Figure 3.12.  Energetic carrying capacity versus observed use of complex based and 
privately owned wetlands in northern and north-central Ohio during autumn 2002. 
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Figure 3.13.  Decline in ECC from autumn 2001 to spring 2002 versus observed use of 
complex based and privately owned wetlands in northern and north-central Ohio during 
autumn migration 2001.   
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Figure 3.14.  Residual ECC vs. observed use (DUD/ha) for coastal, complex based 
wetlands during spring 2002.  Wetland use increases as ECC level increases. 
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Figure 3.15.  Residual ECC vs. observed use (DUD/ha) for inland, complex based 
wetlands during spring 2002.  Wetland use increases as ECC level increases. 
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Figure 3.16.  Decline in energetic carrying capacity between autumn 2001 and spring 
2002 versus observed waterfowl use of complex based and privately owned wetlands in 
northern and north-central Ohio during spring 2002. 
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CHAPTER 4 

DISCUSSION 

 

ENERGETIC CARRYING CAPACITY 

Autumn 

 ECC of managed complex-based wetlands was approximately 6 times greater 

than the JV parameter in 2001 and 1.6 times greater in 2002.  Although both years 

exceeded the JV estimate, a high degree of variability was detected between 2001 and 

2002.  The variation between years was likely related to weather patterns.  The National 

Climatic Data Center indicated that precipitation levels in July and August 2002 were 28 

and 40% below normal respectively (website www.ncdc.noaa.gov/oa/climate/research/ 

cag3/oh.html).  Reduced precipitation levels during the growing season could limit 

development of both vegetation and seeds.  These patterns may have caused me to 

observe lower levels of ECC than would typically be found under normal climatic 

conditions 

  ECC of managed marsh was similar to values reported by Anderson and Smith 

(1999) and Haukos and Smith (1993) for managed playa wetlands in Texas, but lower 

than reported by Feddersen (2001) in Illinois and Fredrickson and Taylor (1982) in 

Missouri (Table 4.1).  Differences in ECC most likely resulted from variation in 

management intensity.  Moist-soil units studied by Fredrickson and Taylor (1982) were 
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more intensively managed than managed marshes in this study in that physical soil 

disturbance was employed in addition to water level manipulation.  Soil disturbance is 

used to revert a vegetative community to a previous successional stage.  However, in 

some regions, soil disturbance is perceived to encourage the growth of invasive and 

exotic species.  Therefore, soil disturbance is a less commonly utilized management 

practice in central and northern Ohio.  Management of public wetlands in this study was 

limited to water level manipulations, similar to that described by Haukos and Smith 

(1993), Anderson and Smith (1999), and Fedderson (2001).  Despite management being 

limited to water level manipulations, Fedderson (2001) reported the highest carrying 

capacity of all previous studies.  Fedderson (2001) estimated seed abundance using 

equations developed by Laubhan and Fredrickson (1992) from sites in Missouri, and 

these equations may exhibit site-specificity in predictive power (Gray et al. 1999).  Thus, 

estimates of food abundance reported by Fedderson (2001) may be inflated.  Predictive 

equations were not used to estimate seed abundance in this study or those of Haukos and 

Smith (1993) and Anderson and Smith (1999).  Nevertheless, wetland carrying capacity 

of managed wetlands appears greater than that suggested by Reinecke et al. (1989) for the 

lower Mississippi alluvial valley (i.e., 3,424 DUD/ha). 

Moist soil vegetation produced the largest proportion of ECC during both years.  

Although moist soil vegetation communities provide the highest levels of available food 

in managed wetlands (Havara 1999), hemi-marsh, a highly interspersed combination of 

approximately equal amounts of vegetation and open water, is generally thought to 

provide the greatest benefit for a diversity of wetland dependant species (Chabreck 

1979).  Therefore, an approach, in which MSDD and CWL wetland management 
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strategies are employed on different wetlands in a complex simultaneously, should 

provide a highly productive food source for migrating waterfowl, in addition to important 

habitat for a diversity of wetland dependant species. 

Seeds of primarily terrestrial macrophytes comprised the largest proportion of 

food available during both years despite a large degree of variation between years.  

Although natural variation in levels of seed production is well documented, this degree of 

inter-year variation is likely due in part to unusually dry conditions in 2002 which 

seemed to reduce overall seed production.  The overall contribution to food availability 

made by submerged vegetation was consistent between years relative to seeds even with 

the high degree of annual variation in precipitation.   

Two factors are potentially responsible for this occurrence.  The first is a 

relatively conservative management approach employed at Killdeer Plains Wildlife Area.  

This conservative approach was necessitated by an unpredictable source of water for 

autumn flooding.  Thus two comparatively large wetland areas remained under relatively 

deep water levels at all times.  Partial draw-downg management generally results in the 

production of persistent emergent wetland vegetation, submerged vegetation, or no 

vegetation in deep or turbid areas.  One of these units at KP produced submerged 

vegetation, while deep water in the second prevented vegetation development in 2001.  

Reduced precipitation levels in 2002, lowered water levels and permitted development of 

submergent vegetation in both units.  This increase in submergent marsh area likely 

compensated for losses in other areas.  A second explanation for the consistency of the 

contribution of submerged vegetation deals with the method used to construct 

impoundments.  Dike excavation creates borrow ditches, which were present in most 
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impoundments.  Thus, the perimeter of the wetland is deeper than the final grade of the 

rest of the interior.  During MSDD management, the final grade of the interior can be 

completely dry while water in > 0.75 m remains in the borrow ditch. Under conditions of 

reduced precipitation, such as were seen in 2002, evaporation can reduce water levels in 

the borrow ditch, thus promoting the development of submerged vegetation. 

Chufa (Cyperus esculentus) invests more energy in tuber production than seeds 

(Kelley 1990).  For this reason, Feddersen (2001) suggested that belowground biomass 

estimates should be included in any estimates of vegetation food production.  I measured 

belowground biomass production of chufa in both years and found a very small 

contribution to overall food availability (Figure 3.1).  Tubers represented less than 1% of 

total food availability during 2001, and were not found in any sample plots in 2002.  

Chufa was found in sample plots in moist soil vegetation zones in both years but the 

excavation of these plots revealed very little tuber biomass.  Kelley (1990) reported that, 

tubers contributed 360 kg/ha in southeast Missouri.  Regional differences in soil 

composition may partially explain this difference.  Kelley (1990) reported that 

maintaining moist soil conditions could increase tuber production.  The extremely dry 

growing season of 2002 may have impeded tuber development.  Lastly, management 

practices employed on moist soil wetlands in this study are generally less intensive than 

practices described by Kelley (1990), in which shallow disking was used to increase tuber 

production.  Soil disturbance was used only minimally on wetlands in this study, and only 

as a preparation for planting supplemental foods. 

Spring 

As expected, ECC declined between early autumn 2001 and early spring 2002 on 
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complex based and private wetlands at all wetland complexes.  The consumption of food 

resources by waterfowl during autumn migration accounts for 22% of this decline on 

complex based wetlands and 8% on privately owned wetlands. Unusually mild weather 

prevented complete freeze-up of wetlands during January and February 2002, allowing 

birds to remain on study areas throughout winter.  Spring surveys were initiated in March 

2002, so our results do not account for over winter and early spring wetland utilization.  

Overwintering waterfowl and possibly seed decomposition likely reduced residual ECC 

for spring 2002 by a greater amount than typically occurs when wetlands freeze between 

autumn and spring migration.  Millets (Echinochloa spp.) and foxtail (Setaria) have been 

shown to retain 50 to 70% of total mass after 90 to 120 days of inundation (Neely 1956, 

Nelms and Twedt 1996).  Pennsylvania smartweed (Polygonum pennsylvanicum) retained 

81% of its mass after 90 days of submersion (Fredrickson and Reid 1988).  If it assumed 

that 50% of seed mass is lost to decomposition and 22% is consumed during autumn 

migration, then 28% of seed mass present prior to autumn migration was not accounted 

for prior to spring migration 2002, and was possibly consumed by waterfowl wintering in 

the study area.  This suggests that estimates of residual ECC prior to spring migration 

2002 were likely lower than would be seen under typical climatic conditions.  This 

creates a level of uncertainty with regard to any conclusions about the relationship 

between residual ECC and observed use of wetlands.         

ENERGETIC CARRYING CAPACITY AND WETLAND UTILIZATION 

Autumn 

The habitat conservation initiative of the UMR&GLR JV assumed that managed 

autumn mid-migration habitat could support on average 1,236 DUD/ha.  Although 
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estimated values for ECC surpassed 1,236 DUD/ha in both years, this is no guarantee that 

food energy availability is adequate to meet all demands of migrating waterfowl that use 

these areas.   

No significant difference in ECC was found between coastal and inland wetlands, 

between complex based and privately owned wetlands, or between individual wetland 

complexes within a given region.  The only comparison in which a significance 

difference in fall ECC was found was in 2001, where MSDD wetlands had higher ECC 

levels than CWL wetlands.  If food availability is the factor limiting the use of mid-

migration wetlands, waterfowl use should be higher on areas having higher levels of 

ECC.  While ECC on MSDD wetlands was significantly higher than on CWL wetlands, I 

observed no differences in use of these wetland types.  Additionally, there was no 

distinguishable relationship between ECC and observed fall use (Figure 4.1) or between 

observed fall use and the decline in ECC from fall to spring.   

I believe that diurnal and especially nocturnal counts underestimated actual 

numbers of waterfowl present on wetlands that were surveyed.  Although all reasonable 

attempts were made to count all waterfowl present, visibility was restricted by dense 

vegetation on many wetlands.  Lighting further restricted visibility during nocturnal 

counts, even with night vision optical equipment.  The reluctance of birds to flush from 

cover at night may have provided conservative estimates of nocturnal utilization.  

Inclement weather (rain, fog, snow) also restricted visibility at times, especially at night.  

We chose to census waterfowl only under ideal visibility conditions to avoid biases in 

wetland utilization patters that occur with changing weather conditions.   

Sampling of seed biomass prior to autumn migration measured only standing seed 
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and did not consider residual seed biomass potentially present in the substrate.  This 

method was chosen because of the intensive time investment that would have been 

required to process such samples.  Additionally, the method used accounts for current 

year seeds that may have dropped prior to sampling by basing estimates on a single 

mature, intact inflorescence representative of those present.  If sediment sampling had 

been conducted, estimates of ECC likely would have been inflated by accounting for 

dropped seeds 2 times, in counting inflorescences and in the sediment.  Because sediment 

sampling was not conducted prior to autumn migration, ECC values determined by this 

study likely underestimate total food availability in autumn. 

ECC of mid-migration habitats is also underestimated because our estimates did 

not consider food energy obtained from agricultural crops commonly used by dabbling 

ducks (Jorde et al. 1984, Whyte et al. 1986).  I did not observe high levels of nocturnal 

utilization until the onset of colder weather.  Waterfowl tend to shift from more 

energetically costly behaviors to foraging activities during colder weather (Prince 1979, 

Jorde et al. 1984).  It is quite possible that some species, particularly mallards and black 

ducks, foraged in croplands.  If such a tendency were more pronounced at night than 

during the day, we would have underestimated both nocturnal and overall foraging 

activity.  

The desire for visual seclusion may influence use of wetlands by migratory 

waterfowl.  The composition and density of cover ranged from completely open water to 

non-persistent emergent vegetation to dense stands of persistent emergent vegetation.  

Although I attempted to record the vegetation zone in which birds were observed, this 

was not possible in situations where birds were flushed from a distance or at night.  



 63

Additionally, preference for specific cover types is likely confounded with disturbance.  

Management personnel, public wildlife observation, and hunting are all potential 

disturbance factors, but of these, I believe that hunting disturbance was the most 

influential.   

McNeil et al. (1992) identified 2 major hypotheses concerning use of wetlands by 

waterfowl during nocturnal periods: the preference hypothesis and the supplementary 

hypotheses.  The preference hypothesis suggests that birds prefer to feed nocturnally 

because darkness provides the most profitable or safest opportunity.  The supplementary 

hypothesis suggests that nocturnal feeding occurs only when diurnal feeding has not been 

sufficient to satisfy birds’ nutritional requirements.  The major activity during both 

diurnal and nocturnal periods should be feeding, for this hypothesis to be supported 

(McNeil et al. 1992).   

 Although I did not determine activity budgets, I regularly observed large (10,000 

– 90,000) groups of migrating waterfowl using a large refuge area diurnally.  In autumn, 

these birds were observed on several occasions dispersing in large numbers into the 

surrounding managed wetlands and flooded agricultural fields at dusk.  Similarly, large 

groups of waterfowl were observed to leave managed wetlands and congregate on the 

refuge area shortly after dawn.  This refuge area has high turbidity and the scouring 

action of the Lake Erie tidal seiche, and therefore has no vegetation (Sherman et al. 

1996).  While some birds were observed feeding on this refuge, the lack of any 

vegetation component precludes the acquisition of high energy foods such as plant seeds 

and tubers. 
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 The daily dispersal of waterfowl to and from Muddy Creek Bay coincides with 

the end and beginning of daily waterfowl hunting hours respectively.  The high density of 

private hunting clubs in northern Ohio in addition to the high level of interest in public 

waterfowl hunting throughout Ohio seems consistent with these daily activities and 

suggests that the preference hypothesis is the best explanation for the high level of 

nocturnal use observed during autumn migration.   

Area managers at Winous Point, Pickerel Creek, and Killdeer Plains provided 

information on the total number of waterfowl hunters at each complex during 2001 and 

2002.  Pickerel Creek and Killdeer Plains were open to public hunting 4 – 5 days per 

week.  Because public interest often exceeds available space, morning and afternoon 

hunting permits for a specific hunting unit are assigned by lottery.  Winous Point is a 

private hunting club and as such allows very restricted hunting opportunities to a limited 

number of members.  Big Island is open to public hunting 4 days per week, but due to 

low interest relative to Killdeer Plains and Pickerel Creek, a daily permit lottery is not 

conducted.  Additionally, no record of total number of hunters or hunter success is kept.  

The information provided by area managers indicates that hunting pressure was greatest 

at PC, followed by KP.  Based on personal observations conducted throughout fall 2001 

and 2001, BI appears to have less hunting pressure than KP but more than WP.  

Therefore, the order of hunting disturbance from highest to lowest is PC, KP, BI, WP. 

Privately owned wetlands are unique in that uses intended by the owners included 

personal hunting opportunity, dog training facilities, and protected wildlife refuge.  

However, as with BI, no records of hunting effort are kept for these privately owned 

areas.  Nevertheless, personal observations and communications with landowners 
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indicate that athough in many cases hunting is the primary intended use, actual hunter 

effort is low when compared to managed wetland complexes.  For this reason, privately 

owned wetlands likely had less hunting disturbance than any of the wetland complexes. 

Observed use at Winous Point was greater than that at Pickerel Creek.  Because 

disturbance is perceived to be greater at Pickerel Creek, this is consistent with the 

hypothesis that waterfowl sought a disturbance free environment during autumn.  

However, mean observed use at KP was greater than that of BI in 2001, although not 

significantly, and similar in 2002.  Although this pattern of use does not follow the 

disturbance trend, it could be explained by the presence of a refuge on the wetland 

complex.  Cox and Afton (1997) found that diurnal use of refuge areas by northern 

pintails was greater during hunting season than immediately preceding or succeeding 

non-hunting seasons.  Winous Point is located adjacent to Muddy Creek Bay in which 

hunting is prohibited at all times and a state wildlife refuge is maintained on a large 

portion of Killdeer Plains.  Although hunting disturbance was greater at Killdeer Plains 

than Big Island, it is possible that the presence of a refuge was sufficient compensation 

for that disturbance.  

If absolute disturbance level were the single factor limiting wetland use, I would 

have expected to find the highest use levels on privately owned wetlands as they had the 

lowest disturbance levels.  However, the use of privately owned wetlands did not exceed 

that of complex based wetlands during 2001 or 2002.  This does not necessarily 

invalidate the disturbance hypothesis.  Ducks exhibit preferences for particular habitat 

types during certain annual cycle events (Weller 1999).  For example, breeding ducks use 

small isolated wetlands that provide a high degree of visual seclusion, while migrating 
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ducks tend to use larger wetlands (Havara 1999, Weller 1999).  Therefore, the larger, 

complex based wetlands would be expected to receive more use than the smaller, 

privately owned wetlands. 

Spring 

 In contrast to autumn, observed wetland utilization of coastal wetland complexes 

and inland privately owned wetlands during spring 2002 exceeded that predicted by 

residual ECC.  While residual ECC on MSD wetlands was greater than on CWL 

managed wetlands, no significant difference was observed in use.  However, there was a 

positive relationship between residual ECC and observed use for coastal and inland 

wetland complexes (Figure 3.9, 3.10).   

Nocturnal use accounted for no more than 21% of total use during spring 

migration.  Additionally, no distinct transition from diurnal to nocturnal use was detected.  

Use patterns observed in the absence of hunting disturbance provide stronger evidence 

that wetland use during autumn was limited by hunting disturbance.        

COST-BENEFIT ANALYSIS 

 All wetlands selected for this study were either restored or constructed and utilize 

some form of created impoundment to retain water.  The costs of creating such habitat 

can be high, mandating the judicious use of limited financial resources.  In the event that 

additional wetland acreage is determined to be necessary, an analysis of the cost 

effectiveness of wetland construction and management practices will provide valuable 

insight in determining the most appropriate means of mid-migration habitat development. 

Information provided by wetland complex managers and wetland engineering 

staff of Ducks Unlimited, Inc. provided insight into costs, considerations, and local 
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nuances of wetland construction in north-central and northern Ohio (Appendix E).  Mean 

values were calculated for costs of excavation, pumps, water control structures and 

installation. 

     Because the ratio of perimeter length to impounded area decreases as the 

impounded area increases, per acre excavation costs for large wetlands are lower than 

smaller wetlands.  Consequently, all calculations were based on wetlands configured in 

the shape of a square in order to standardize the perimeter length to area ratio.  These 

figures represent an idealized model.  Real world limitations and topographical 

restrictions often require deviations from this configuration and will result in added costs.  

Other factors, such as destruction of agricultural drainage tile, also could add to 

construction costs.   

Based on a mean excavation cost of $26.52 per linear meter ($8.08 per linear 

foot), the excavation of a 1-hectare wetland with 400 linear m of perimeter dike would be 

$10,608/ha ($6,754/ac) (Table 4.2).  For a 100-hectare wetland with 4,000 linear m of 

perimeter dike, this cost decreases to $1061/ha ($676/ac).  The mean area of complex 

based wetlands selected for this study was 11.3 ha (28 ac).  This would correspond to an 

excavation cost of $3,150/ha ($1,275/ac) for the construction of 1,346 linear m of dike 

(4,416 linear ft), representing a total excavation cost of $35,696.   

The mean area of privately owned wetlands selected for this study was 1.25 ha 

(3.1 ac).  Excavation of 336 linear m (1,471 linear ft) of dike to impound 3 sides would 

cost $8,911 or $7,129/ha ($2,708/ac).  Privately owned wetlands often utilize gently 

sloping basins to collect water, thus acting as a portion of the impoundment.  This results 

in reduced excavation costs as well as eliminating the need for pumps in most cases.  The 
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addition of a water control structure at an average cost of $2,592 including purchase and 

installation raises the total investment of a 1.25 ha privately owned wetland to $11,503, 

or $9,202/ha ($3,711/ac).  

Of the 16 complex based wetlands in this study, there were, on average, 2 

mechanical water control structures per wetland.  Additionally, many wetland units 

employed pumps powered by electricity, gasoline, or diesel fuel.  These vary widely in 

cost from approximately $5,000 for a pump capable of serving a single wetland to 

$100,000 for a pump capable of serving several large impoundments.  On average, 

$19,179 per wetland was spent on pumps.  Based on the average 11.3-ha (28 ac) wetland, 

total excavation and water control structure costs would be $60,059, or $5,315/ha ($ 

2,145/ac).  This figure assumes that water and electricity are readily accessible, and does 

not include the purchase or planting of any vegetation, or any additional soil grading 

other than dike construction.  It also excludes the cost of any engineering services, which 

may be required in certain situations.  Impoundments along large lakeshores or bay fronts 

typically require the use of larger, stone-armored dikes.  The average construction cost 

for these impoundments was $415.36 per linear m ($126.25/ft). 

Forces such as catastrophic storm events, muskrats (Ondontra zibethicus), and 

woody vegetation can, over time, compromise the integrity of constructed 

impoundments, requiring mechanical infrastructure to be rebuilt or replaced.  Although 

the life expectancy of a dike likely varies with geographic region and other factors, I 

assumed a 40-year service life, for this discussion.  Depreciated over 40 years, the annual 

cost of the hypothetical 11.34 ha complex based wetland was $1,502, or $133/ha 

($54/ac).  The annual cost of the hypothetical 1.25 ha private wetland was $288, or 
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$230/ha ($93/ac) (Table 4.3).     

Manipulation of vegetation is one of the major costs of moist soil draw-down 

management (Reid et al.1989:195).  As seed producing annuals are replaced by perennial 

plants, or as monocultures develop, water manipulation, burning, and chemical or 

physical manipulations may be necessary to maintain high seed yields (Reid and 

Fredrickson 1987).  With the exception of water level manipulation, application of these 

methods is labor intensive and therefore dependant upon socio-economic trends to 

determine costs.  Reid et al. (1989) reported the cost for land management, including 

mowing dikes and vegetation modification to be $11.19/ha ($4.53/ac) annually.  Adjusted 

for inflation, this figure translates to $16.75/ha ($6.78/ac) annually. 

The cost of water level manipulation depends primarily on pump operation.  

Regional differences in annual precipitation can influence pumping costs.  Anderson and 

Smith (1999) reported that large macropores can form if the clay soils of playa wetlands 

in Texas are allowed to dry completely.  These macropores allow water infiltration during 

fall flooding which can increase pumping costs 3.5 times higher than moist soil managed 

playas.  Pumping costs for the wetlands in this study averaged $26.76/hectare-foot 

($10.83/acre-foot) of water.  Most moist soil draw-down wetlands required the addition 

of approximately 90 cm (3 ft) of water annually, and partial draw-down managed 

wetlands typically receive 30 cm (1 ft) or less of water annually.  This translates to water 

management costs of  $80.28 and $26.76/ha ($32.49 and $10.83/ac) annually for moist 

soil draw-down and partial draw-down managed wetlands respectively. 

Based on the information provided by wetland habitat managers, the cost for the 

construction of an 11.34-ha (28 ac) wetland in north-central or northern Ohio under 
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optimal conditions would be $60,059.  Management practices intended for the production 

of food resources for migratory waterfowl, including land management personnel, 

general maintenance (mowing), vegetation manipulation (disking, burning, etc), and 

water level manipulation would cost $97.03/ha/yr ($39.27/ac/yr) for moist soil 

management and $43.51/ha/yr ($17.61/ac/yr) for a partial draw-down management 

regime.  When these management costs are combined with the construction costs (spread 

over 40 years), the total annual cost of ownership and management for a complex based 

wetland was $230.03/ha/yr ($93.09/ac/yr) for moist soil management and $176.51/ha/yr 

($71.43/ac/yr) for partial draw-down management.  Because most private wetlands 

lacked pumps, the management costs do not include water movement expenses.  

Therefore, the total annual cost of construction and management of a privately owned 

wetland was $246.75/ha/yr ($99.86/ac/yr). 

Complex based wetlands under moist soil management produced ECC values that 

averaged 5,902 DUD/ha.  Based on calculated annual cost of $230.03/ha, the price of one 

DUD under MSD management was $0.038.  Partial draw-down managed wetlands, on 

average, produced ECC values of 1,571 DUD/ha.  Based on calculated cost of 

$176.51/ha, the price of a DUD under partial draw-down management was $0.112.  

Privately owned wetlands produced on average, 3,471 DUD/ha.  Based on calculated cost 

of 246.75/ha, the price of a DUD on a privately owned wetland was $0.071. 

  Moist soil managed complex based wetlands received, on average, 472 DUD/ha 

of use over autumn and spring combined.  Based on the same cost per ha figures used 

previously, one DUD of use for moist soil wetlands costs $0.488.  Partial draw-down 

managed wetlands received, on average, 164 DUD/ha of use.  Again using the previously 
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mentioned cost estimates, this translates to a cost per DUD of $1.08.  Privately owned 

wetlands received, on average, 179 DUD/ha.  With a management cost of $246.75/ha, a 

DUD of use on a privately owned wetland costs $1.38.  Thus, in terms of duck use, 

privately owned wetlands appear to be the least cost efficient.   

 

 

 

 

 

 

 

 

 

 

 

 

 



 72

            

Table 4.1.  Wetland carrying capacity estimates (DUD/ha) from previous and current 
studies in the U.S. 
 
 

 

 

 

 

 

 

 

 

 
 

 

Wetland Type Carrying capacity Location Reference 
Managed moist-
soil 

21,369 Illinois Feddersen (2001) 

 13,957 Missouri Fredrickson and Taylor 
(1982) 

    
Managed playas 7,793 Texas Anderson and Smith (1999) 
 5,048 Texas Haukos and Smith (1993) 
    
Unmanaged playas 414 Texas Anderson and Smith (1999) 
 474 Texas Haukos and Smith (1993) 
    
Managed marsh 7,434 Ohio Steckel (2003) 
    
Privately-owned 4,149 Ohio Brasher (personal comm.) 
 3,428 Ohio Steckel (2003) 
    



     
 Cost (USD)  
 Mean Minimum Maximum n 
     
Excavation (per linear meter)     
     

Bay front armored 423.56 246.75 583.98 2 
   
         Interior non-armored 26.52 13.59 28.42 4 
   
Excavation (per linear foot)   
   
         Bay front armored 126.25 75.00 177.50 2 
   
         Interior non-armored 8.08 5.50 11.50 4 
   
Pumps (per wetland) 19,179.00 5,000.00 100,000.00 11 
   
         Electric 20,065.00 5,000.00 100,000.00 10 
   
         Diesel 5,000.00 5,000.00 5,000.00
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1 
   
Control structures (per structure) 2,592.00 1,000.00 6,000.00 16 

Table 4.2.  Costs in 2002 U. S. dollars (USD) of wetland excavation, pumps and water 
control structures for wetlands located in north-central and northern Ohio, provided by 
wetland complex managers and Ducks Unlimited engineering staff. 
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Table 4.3.  Costs in 2002 U. S. dollars of construction, general operations and water 
management practices employed on complex based and privately owned wetlands located 
in north-central and northern Ohio.  a Reid et al. 1989. 

 

 

 

 

 

 

 

 

 

 

 

   
 U.S. dollars per hectare per year 
 Complex based Privately owned 
   
Construction total 132.88 230.66 
   
          Excavation 78.97 178.22 
   
          Water control structures 11.47 51.84 
   
          Pumps 42.43 ----- 
   
Operational expenses a 16.75 16.75 
   
Water Manipulation   
   
          Moist soil draw-down 80.28 ----- 
   
          Partial draw-down 26.76 ----- 



 75

CHAPTER 5 

 

CONCLUSIONS AND MANAGEMENT IMPLICATIONS 

  

This study measured ECC and waterfowl use of complex based and privately 

owned wetlands in northern and north-central Ohio over 2 growing seasons and 

subsequent autumn migrations.  ECC measured before autumn migration exceeded the 

value assumed in the UMR&GLR joint venture implementation plan (1,236 DUD/ha) by 

380% in 2001 and 100% in 2002.  Food production levels were high in both years 

relative to that assumed by the joint venture estimate, although access to food during 

autumn was limited by hunting disturbance. However, ECC values for autumn 2002 were 

48% lower than values for autumn 2001.  I attributed this decline to below average 

precipitation levels in July and August 2002.  Although ECC did not appear to limit 

wetland utilization rates during autumn 2001 and 2002, it is possible that ECC values 

could be depressed even further than I observed during years of severely dry weather.     

In contrast to autumn, waterfowl use of wetlands during spring migration might 

be limited by ECC.  ECC declined dramatically between autumn 2001 and spring 2002.  

If the rate of decline in ECC between autumn 2001 and spring 2002 remained consistent 

between autumn 2002 and spring 2003, ECC values prior to spring migration 2003 would 

be approximately 100 DUD/ha.  Wetland use averaged over all wetlands during spring 
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2001 was 109 DUD/ha, indicating that expected ECC would not be sufficient to support 

expected use.  Additional data (J. Steckel, unpublished) to assess ECC and waterfowl use 

were measured during spring 2003, but data were not yet available to include in this 

thesis.    

The UMR&GLR joint venture implementation plan assumed that food availability 

during autumn was potentially most limiting to waterfowl use of wetlands.  However, my 

study suggested that spring food availability has greater potential to limit migratory 

waterfowl populations.  Therefore, future evaluations of mid-migration waterfowl habitat 

should focus on food limitation during spring migration.  The high degree of variation in 

ECC between years indicates that long-term monitoring of ECC and waterfowl use of 

wetlands during both autumn and spring migrations is necessary to ensure that mid-

migration habitats in Ohio do not become an energetic bottleneck to Mississippi and 

Atlantic Flyway waterfowl populations.  Because waterfowl readily consume agricultural 

grains (Havera 1999, Jorde et al. 1984), and invertebrates are likely an important food 

resource during spring migration (Manley et al. 1992,), the contribution to overall ECC 

made by invertebrates and flooded agricultural crops should be considered in future 

studies of this type.  Additionally, aerial surveys may provide a more accurate means of 

assessing diurnal waterfowl use.  Although use of night vision optical equipment greatly 

improved the nocturnal detection of waterfowl, such equipment is not useful in rain, fog, 

or snow.  In future studies, these restrictions might be avoided with use of infrared 

photography equipment.   

Moist soil management regimes produced more food for migrating waterfowl than 

partial draw-down regimes.  However, the vegetation communities produced by partial 



draw-down management provide habitat for a greater diversity of wetland dependant 

species throughout the year (Olson 2003).  Moist soil management of some wetlands in a 

complex to provide high levels of food energy for waterfowl, provides the opportunity to 

satisfy waterfowl food energy needs while managing other wetlands in a complex to 

support the needs of other bird species.  However, the presence of a disturbance-free 

environment to provide access to these habitats appears to be essential as well, especially 

during autumn.  Wetland complexes, in which both wetland management regimes are 

utilized simultaneously, will accommodate the high energetic and nutritional 

requirements of migrating waterfowl as well as other wetland species throughout their 

annual life cycle.   

Impoundment of Lake Erie coastal marshes is a contentious issue.  Wetlands in 

which dikes are constructed for protection from storm events, but where water levels are 

allowed to fluctuate with lake levels, provide fish habitat (Johnson et al. 1997) but little 

plant food or cover needed by waterfowl and other wildlife (Sherman et al. 1996).  For 

this reason, water levels of coastal wetlands intended as waterfowl habitat are typically 

managed independently of lake levels.  Opening impounded marshes to water fluxes 

driven by lake levels could reduce the availability of plant food resources and cover 

needed by waterfowl.  Although 2 years of data indicate that ECC does not appear to 

limit wetland use during autumn, the variability observed between these years 

demonstrates a need for better understanding of the range of variability in precipitation 

levels and the frequency of unusually dry years.  Moreover, low observed ECC during 

spring suggests that food availability may remain a limiting factor, albeit during spring 

rather than autumn as assumed by the joint venture implementation plan.  Consequently, 
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one cannot conclude that existing levels of wetland habitat are sufficient to satisfy 

resource needs of waterfowl populations expected under NAWMP goals.   

This study focused on the relationship between plant food availability and 

waterfowl use of wetlands.  If future studies reveal that food energy availability is not 

limiting to waterfowl populations, additional factors such as the availability of protein 

resources, disturbance-free habitat, wetland vegetation composition, vegetation density, 

and wetland size must be evaluated before concluding that additional wetland habitat is 

not necessary to accommodate waterfowl populations.   

 Costs associated with wetland excavation and water control infrastructure become 

more efficient with increasing size and geometric configuration.  When possible, these 

considerations should be taken into account during the planning process.  The sharing of 

infrastructure components can also increase the efficiency of wetland complex 

construction.   

The development of complex based wetlands under a moist soil draw-down 

management regime was a more cost efficient means of providing food energy for 

migratory waterfowl than developing and managing wetlands under partial draw-down 

management or waterfowl habitat conservation on private lands.  However, privately 

owned wetlands have great potential to provide mid-migration waterfowl habitat in Ohio.  

Because privately owned wetlands are not necessarily under a consistent management 

regime, the UMR&GLR joint venture regarded any contributions they could make to 

ECC as un-dependable.  Nonetheless, despite the variation between years in ECC 

experienced by managed, complex based wetlands, ECC of privately owned wetlands 

remained relatively consistent.  Use of these wetlands was highest during spring even 
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though some landowners drained these wetlands mid-way through spring migration.   

Management practices were conducted on only 4 of 12 privately owned wetlands 

in this study, indicating that these wetlands were not achieving their productive potential, 

especially considering the financial investment required for their construction.  Because 

this private wetland infrastructure already exists, investment of financial resources to 

provide information and technical assistance for management of these wetlands would be 

more cost efficient than additional land acquisition and wetland restoration at the 

complex scale.  The development of a private lands habitat management program, 

focusing on management of existing private wetland infrastructure would provide 

dependable mid-migration habitat, reduce dependence on managed complexes, and 

increase the potential for renewal of Conservation Reserve Program and Wetland Reserve 

Program easement contracts. 
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