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Executive Summary 

 Large river systems and their floodplain wetlands have undergone significant degradation 

in the Midwestern United States.  Fortunately, significant efforts to restore or enhance wetlands 

in these systems are ongoing, and regional conservation planners are attempting to identify 

habitat deficits for waterbirds to prioritize restoration objectives.  Information on historical 

conditions of floodplain wetlands and investigations of change in conditions over time would 

provide valuable information to guide the restoration and planning process.  To address these 

information needs, we first created a geospatial database of historic wetland conditions in the 

Illinois River valley (IRV) from maps created by Frank C. Bellrose and staff of the INHS during 

1939ï1959 and re-mapped 15 of these wetlands using modern techniques (i.e., Global 

Positioning System [GPS]) during 2005ï2006.  We analyzed these data to indentify changes in 

wetland composition and estimated energetic carrying capacity over time and factors influencing 

use of IRV wetlands by mallards and diving ducks based on ground and aerial inventories.   

We compared wetland characteristics among 3 time periods (i.e., early historic [1939ï

1942], late historic [1943ï1959], and contemporary [2005ï2006]).  Results indicated proportions 

of wetland area classified as bottomland forest, scrub-shrub, and mud flat were greater during 

2005ï2006 than the earlier mapping periods, whereas area of aquatic-bed and floating-leaved 

aquatic vegetation declined significantly by the contemporary period.  Proportion of wetland area 

classified as nonpersistent emergent generally increased across all mapping periods, whereas 

persistent emergent area declined between the early and late historic periods.  Finally, the 

interspersion-juxtaposition index, intended to quantify spatial heterogeneity of wetland 

components, was greater during the early than late mapping period, but other pairwiase 

comparisons were similar.  Average Secchi and water depths were both significantly less during 

contemporary than historic mapping periods.  Estimated foraging carrying capacity (i.e., duck 
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energy days (DED) per ha) for ducks, based on wetland composition and energetic values from 

Soulliere et al. (2007), did not differ significantly across mapping periods.  Most models of 

mallard (Anas platyrhynchos) and diving duck abundance during 1939ï1959 and 2005ï2006 

poorly explained variation in the dependent variables.  However, models of mallard use-days 

considering only aerial surveys (1950ï1959) indicated proportions of refuge and nonpersistent 

emergent vegetation, total wetland area, and the interspersion-juxtaposition index were positively 

associated with mallard use.  Conversely, proportion of wetland classified as persistent emergent 

was negatively associated with the dependent variable.   

We believe the general increase in percent area of nonpersistent emergent vegetation 

among time periods was likely due to increased moist-soil management practices, reduced water 

depths due to sedimentation, and substantial droughts during 2005 and 2006.  However, we 

suggest our results indicated the loss of submersed and floating wetland vegetation further 

emphasizes the need to restore these components in IRV wetlands.  Previous research supports 

our notion that these components may increase attractiveness of wetlands to many waterfowl 

species.  Reestablishing these plant communities has been challenging in the IRV; however, we 

suggest successful restorations of wetlands in former drainage and levee districts isolated from 

the Illinois River (i.e., Hennepin-Hopper Lakes and Emiquon Preserve) provide important 

examples of the possibility of returning these components to some wetlands in the region.   

Recent studies have improved estimates of energetic carrying capacity of waterfowl 

habitats.  Nonetheless, we believe conservation planning would benefit from additional, large-

scale studies estimating energetic availability to waterfowl across many forage types, space and 

time.  Additionally, research identifying food densities at which foraging by waterfowl becomes 

unprofitable (i.e., giving-up densities) would provide information to further refine conservation 
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objectives.  Although our results indicated that energetic carrying capacity of IRV wetland did 

not change significantly over time, interspersion and juxtaposition of wetland components was 

an important predictor of historic use by mallards.  We suggest that once energetic objectives for 

waterfowl are met, research, management, and restoration should focus on composition and 

spatial arrangement of vegetation to further improve wetland habitats for migrating waterfowl.  

Finally, most studies of waterfowl use have endeavored to identify the numerical responses of 

birds to wetland habitat characteristics.  We believe future investigations would benefit through 

collection of physiological and behavioral data, thereby attempting to identify functional 

responses of waterfowl to restoration and management actions. 
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Introduction  

Large river systems throughout the United States have undergone significant 

anthropogenic alterations during the 20
th
 century.  Although many of these changes affected the 

river channel itself (i.e., dredging and channelization), river floodplains usually realized greatest 

impacts (Bellrose et al. 1983, Sparks 1995).  When the natural hydrologic ebb and flow of large 

floodplain rivers are altered, their lakes, backwaters, and wetlands may suffer considerable 

degradation and become vulnerable to development (i.e., conversion to croplands; Havera 1999).  

Large rivers in the upper Midwest that have undergone such alterations include the Ohio, 

Missouri, Mississippi, and Illinois.  Fortunately, segments of these systems retain some natural 

hydrology, and wetland restoration and reclamation efforts are ongoing in many regions.  For 

example, the U.S. Army Corps of Engineers has proposed spending $7.95 billion over 50 years 

to restore the Illinois River valley, including many backwaters, tributaries, and floodplain 

wetlands within the 78,000 km
2
 watershed (U.S. Army Corps of Engineers 2004).   

 Despite extensive watershed modifications, most large river systems in the midcontinent 

region remain critical habitats for migrating waterbirds and other wetland dependent wildlife.  Of 

these systems, the IRV is of primary importance to waterfowl and a focus area of the Upper 

Mississippi River and Great Lakes Region Joint Venture (hereafter, JV) of the North American 

Waterfowl Management Plan (UMRGLRJV Management Board 1998).  Emphasizing its 

historical importance to waterfowl, 1.6 million mallards were counted during aerial inventories 

in the IRV in 1948, and peak numbers of lesser scaup (Aythya affinis) exceeded 500,000 prior to 

the mid-1950ôs (Havera 1999:227ï236).  An average of 20.6% of the Mississippi Flyway 

wintering mallard population spent at least one day in the IRV during 1955ï1996 (based on 

midwinter inventories; Havera 1999:229).  Unfortunately, extensive leveeing and drainage, 
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primarily to promote agriculture, has eliminated 53% of the natural wetlands in the IRV (Havera 

1999).  Existing wetlands have been further degraded by extensive sedimentation, colonization 

by exotic plants and animals, and, in some cases, eutrophication from nitrogen and phosphorus.  

In recent years, several reclamation and restoration projects have been initiated to return 

structure and function of segments of the Illinois River floodplain to some former state.  Some of 

these efforts include: 1) restoration of the Hennepin and Hopper lakes in north-central Illinois by 

The Wetlands Initiative; 2) dredging of Peoria Lake to remove sediment by the U.S. Army Corps 

of Engineers (USACOE); 3) rehabilitation of Swan (Calhoun County) and Chautauqua Lakes by 

the USFWS and USACOE; 4) reclamation of the 2,800 ha Emiquon Preserve by The Nature 

Conservancy (TNC) and the USFWS, and; 5) restoration of the Spunky Bottoms wetland area by 

TNC. 

 The goal of ecological restoration has been defined as: ñThe return of an ecosystem to a 

close approximation of its condition prior to disturbance.ò (National Research Council 1992).  

Previous restoration efforts undoubtedly improved wetland conditions in the IRV; however, an 

unbiased evaluation of a return to previous conditions is difficult without detailed historical data, 

and this information rarely exists or is speculative.  Clearly, wetland restoration efforts in the 

IRV and other large river systems would benefit from a database containing historical wetland 

conditions that are spatially and temporally referenced.   

The Illinois Natural History Surveyôs Forbes Biological Station possesses 140 detailed 

maps of IRV wetlands hand drawn and groundtruthed by or under the supervision of Frank C. 

Bellrose during 1938ï1958 and drawn from aerial photographs in 1959.  Bellrose did not 

produce maps for each wetland in each year; however, maps were drawn for 29 unique 

bottomland lakes. 
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 These historic maps were examined by GIS experts at University of Illinois, Urbana-

Champaign to determine if they were accurate and detailed enough to be scanned, georeferenced, 

and digitally analyzed using modern computer software.  Fortunately, maps were deemed 

accurate and detailed enough to allow creation of a spatial database.   

We believed compilation, analysis, and distribution of this historical database would 

provide significant guidance in evaluating restoration success of floodplain wetlands in the IRV 

and other large river systems in the upper Midwest.  To accomplish this task we developed the 

following research objectives:   

1. Create a GIS coverage of each historic wetland map and produce a useable database 

of former wetland conditions and characteristics in the IRV. 

2. Return to at least half of existing wetlands to map and record present-day 

characteristics and include these data in the GIS database.   

3. Compare wetland characteristics (i.e., vegetation composition) among ñearlyò (e.g., 

1938) and ñlateò (e.g., 1959) historical and contemporary (objective #2) mapping 

periods. 

4. Estimate historical and contemporary foraging carrying capacity of these wetlands 

based on area of wetland vegetation and published estimates of energy values of 

waterfowl foods (Soulliere et al. 2007). 

5. Model waterfowl use (based on existing ground and aerial inventory data) in relation 

to historic wetland characteristics. 

The majority of our work involved addressing Objectives 1 and 2, for which we provide a 

DVD-ROM containing historic and contemporary GIS data (see cover pocket or contact: 

Michelle Horath, Illinois Natural History Survey, Frank C. Bellrose Waterfowl Research Center, 
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P.O. Box 590, Havana, IL 62644; E-mail: mgeorgi@inhs.uiuc.edu).  The remainder of this 

document provides information on field and analytical methods, results and discussion 

addressing Objectives 3ï5. 

METHODS 

Development of Historic Geospatial Database 

Historical maps of wetland vegetation were produced between 18 July and 16 October by 

Frank C. Bellrose (1938ï1953) and Forrest Loomis (1955ï1957) of the INHS, who used rough 

triangulation to plot vegetation on 1933 USACOE maps of 1:12000 scale (Bellrose 1941, 

Bellrose et al. 1979).  Maps of wetland vegetation during August 1959 were produced from 

aerial photographs interpreted by Bellrose (Bellrose et al. 1979).   

We digitally scanned hand-drawn vegetation maps and georectified the image using 

ERDAS Imagine Orthobase 8.6 and ArcGIS 9.2 software projected in the UTM coordinate 

system using NAD 1983, Zones 15 and 16 (Environmental Systems Research Institute 1996; 

Table 1).  Subsequently, we digitized vegetation zones using on-screen digitizing features in 

ArcGIS 9.2, made spatial adjustments based on the 1933 COE maps of 1:12000 scale where 

necessary, and calculated the area of polygons using the XTools Pro 4.1 extension for ArcGIS 

(DATA East, LLC 2006).   

Mapping Contemporary Wetland Characteristics 

We ranked wetlands in the IRV by the number of historical map-years (the number of 

years a particular bottomland lake was mapped during 1938ï1959) and mapped wetland 

vegetation (hereafter, covermapped) of 15 bottomland lakes during summers 2005 (n = 8; 

Anderson Lake, Bath Lake, Chautauqua Lake, Crane Lake, Cuba Island, Jack Lake, Moscow 

Bay, and Quiver Lake) and 2006 (n = 7; Big Lake, Clear Lake, Douglas Lake, Goose Lake 
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[Fulton County], Rice Lake, Sawmill Lake, and Swan Lake [Putnam County]) for which the 

greatest number of historical maps existed (Table 1).  We identified site boundaries from historic 

maps created by Bellrose, present-day bluff lines, and the waterline of the Illinois River or its 

side channels.   

 We covermapped wetland vegetation using line transects (north-south or east-west UTM 

lines) spaced every 300 m along site perimeters.  We delineated changes in vegetation structure 

(e.g., moist-soil, scrub-shrub, or bottomland forest) along transect lines using a GPS unit and 

documented dominant plant species as we transitioned between vegetation zones.  We estimated 

plant species composition and recorded water and Secchi disc depths at 7 random locations along 

each transect by dividing transects into 7 equidistant segments (1 point within each segment).  

We established transect endpoints at the base of levees, water line of the Illinois River or side 

channel, or upland bluff.  We traversed transects on foot, ATV, or by boat and began 

covermapping wetlands after the majority of wetland plants matured to aid identification (e.g., 

Aug. 1).   

 We classified wetland vegetative zones (n = 13) by grouping species of similar life forms 

or by the absence of vegetation (i.e., open water; OPENH2O) based on Cowardin et al. (1979).  

Specifically, we categorized woody vegetation as bottomland forest (FOREST) if trees were >6 

m in height or scrub-shrub (SCSH) if woody vegetation was <6 m tall (Cowardin et al. 1979).  

We classified other wetland habitats as nonpersistent emergent vegetation (NPE; e.g., grasses 

and sedges), persistent emergent vegetation (PE; e.g., cattails [Typha spp.] and bulrushes 

[Scirpus spp.]), mud flats (MUD), floating-leaved aquatic vegetation (FLOAT; e.g., duckweed 

[Lemna minor]), and aquatic bed (AB; e.g., coontail [Ceratophyllum demersum]).  Additionally, 

we believed these categories represented broad-scale wetland habitats important to migrating 
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waterfowl (Suloway and Hubbell 1994, U.S. Fish and Wildlife Service 2007).  We classified 

miscellaneous categories as cropland (CROP), levee (LEVEE), road (ROAD), sand (SAND), and 

campground (CAMP).  We digitized wetland vegetation using GPS waypoints (supplemented 

with field notes) superimposed on 2005 and 2006 aerial photos obtained from the United States 

Department of Agriculture - Geospatial Data Gateway (http://datagateway.nrcs.usda.gov/).   

Statistical Analyses 

Change in Wetland Characteristics.--We desired to analyze changes in wetland 

composition over time, but these variables were not independent due to the unit-sum constraint 

(i.e., all proportions sum to 1).  Compositional analysis, which transforms proportional 

dependent variables to log-ratios, accounts for this lack of independence (Aebischer et al. 1993).  

However, our data set contained many zeros, and using compositional analysis would have likely 

lead to severely inflated Type I error rates (Bingham and Brennan 2004, Badzinski and Petrie 

2006).  Further, examination of residual plots indicated our errors were not multivariate-normal 

distributed, but arcsine square-root transforming the data did not significantly improve error 

distributions and complicated interpretability of results.  Therefore, we selected an analytical 

approach similar to that of food-habits studies (Afton et al. 1991, Ross et al. 2005, Badzinski and 

Petrie 2006), and analyzed change in wetland habitat composition using multivariate analysis of 

variance (MANOVA) with simple proportions as the dependent variable.  We acknowledge 

deviations from statistical assumptions, but consider tests appropriate because parametric 

multivariate analyses are considered robust to many violations of assumptions of linear models 

(Johnson 1995).   

To compile wetland characteristics for analysis, we examined maps for continuity of site 

boundaries.  Mapped areas varied significantly, and we desired to compare similar wetland 

http://datagateway.nrcs.usda.gov/
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regions over time.  Thus, we clipped historic and contemporary maps in ArcGIS 9.2 to the 

wetland area that we believed included the regions of wetlands that received most use by 

waterfowl.  We excluded maps from analyses if they were incomplete or not available for at least 

2 of 3 categorical time periods (Table 1).   

We summed wetland area (ha) of each vegetation type into the following wetland habitat 

categories based on Cowardin et al. (1979):  1) Bottomland Forest (FOREST); 2) Nonpersistent 

Emergent (NPE); 3) Open Water (OPENH2O); 4) Aquatic Bed (AB); 5) Floating-leaved Aquatic 

(FLOAT); 6) Mud flat (MUD); 7) Persistent Emergent (PE); 8) Scrub-shrub (SCSH); and, 9) 

Cropland (CROP).  We computed proportions of each habitat by dividing its area by total 

wetland area.  Further, we computed the relative richness (RR) of habitat types by dividing the 

number of wetland habitats present in each map by the total possible habitat types, excluding 

CROP (n = 8).  Finally, wetlands with diverse habitat types distributed throughout their basins 

may be more valuable or attractive to waterfowl than those with clumped distributions (Weller 

and Spatcher 1965); therefore, we computed the Interspersion-Juxtaposition Index (IJI) for 

individual wetlands (McGarigal and Marks 1995).  We included the IJI, the value of which 

increases as patches tend to be more evenly interspersed in a ñsalt and pepperò mixture, as an 

index of heterogeneity of habitat types.  Procedurally, we converted all clipped wetland maps 

from polygons to grids (10 m cells) in ArcGIS 9.2, imported grids into ArcView 3.3, and output 

IJI values using the Patch Analyst v3.0 extension (Rempel and Carr 2003) via the FRAGSTATS 

interface (McGarigal et al. 2002). 

The dependent variables in the MANOVA model included the proportion of each of 9 

wetland habitat types present in each map and RR and IJI.  We categorized mapping periods 

(independent variable) as early (1939ï1942) and late (1943ï1959) historic and contemporary 
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(2005ï2006).  We chose to separate historic maps into pre- and post-1942 categories because the 

largest flood on record in the IRV occurred in the spring of 1943.  This event was a significant 

perturbation to floodplain wetlands of the IRV, and Bellrose et al. (1979) noted considerable 

changes in wetland characteristics in years following the flood as vegetation recovered. 

We conducted our analysis using the MANOVA statement in PROC GLM, SAS v9.1.3, 

and included wetland location as a random effect to account for dependence in wetland 

conditions within individual wetlands (SAS Institute 2004).  We used Wilkôs Lambda to 

determine significance of the MANOVA, because it is considered robust to violations of the 

assumption of multivariate normality (Badzinski and Petrie 2006).  If results indicated a 

significant (P < 0.10) change in wetland conditions over time, we conducted post-hoc means 

comparison tests using the PDIFF option within the LSMEANS statement in PROC GLM.  We 

employed the Tukey-Kramer method to correct Type I error rate due to multiple comparisons. 

Water and Secchi depth records were available for some, but not all, historic maps, 

whereas we recorded these depths during contemporary mapping (Table 1).  Therefore, we 

conducted two separate analyses of variance (ANOVAs) to evaluate potential change in average 

water and Secchi depths (cm) between historic (1938ï1959) and contemporary (2005ï2006) 

mapping periods.  We analyzed data using the MIXED procedure in SAS v9.1.3 (SAS Institute 

2004), and included mapping period (TIME; 2 categories) as the independent variable and 

wetland location (LOC) as a random effect to account for interannual dependence among water 

and Secchi depth measurements within sites.  We conducted post-hoc means comparison tests 

using the PDIFF option within the LSMEANS statement in PROC GLM (Littell et al. 1996, SAS 

Institute 2004). 
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Foraging Carrying Capacity.--Soulliere et al. (2007) identified criteria for estimating 

energy available to migrating and wintering waterfowl in JV wetlands.  From relevant literature, 

the authors averaged estimates of yield (kg/ha) and true metabolizable energy of important 

waterfowl foods (3.0 kcal/g) to estimate energetic carrying capacity (kcal/ha) of wetland 

community types.  Further, they divided energy estimates by 2, based on the assumption that 

50% of estimated energy was actually available to waterfowl.  We desired estimates of historical 

and contemporary energetic carrying capacity relevant to the JV; thus, we modified Soulliere et 

al.ôs (2007) approach to include recent estimates of moist-soil plant seed abundance from the 

IRV (Bowyer et al. 2005, J. D. Stafford, Illinois Natural History Survey, unpublished data; Table 

2).   

We estimated total energy within wetlands for waterfowl from historic and contemporary 

maps by multiplying community-type specific energy estimates (Table 2) by the area (ha) of 

each habitat classification derived from ArcGIS 9.2.  We computed duck energy-days (DEDs) by 

dividing total energy estimates by 292 (kcal/g), the assumed daily energy requirement of a 

mallard-sized duck during winter (Reinecke et al. 1989).  Finally, we divided the previous values 

by total wetland area (ha) to estimate DED per-unit-area. 

 We evaluated potential changes in DED/ha (dependent variable) between early historic 

(1939ï1942), late historic (1943ï1959) and contemporary (2005ï2006) mapping periods using 

mixed-models analysis of variance via the MIXED procedure in SAS v9.1.3 (SAS Institute 

2004).  We included mapping period (TIME) as the classified independent variable and wetland 

location (LOC) as a random effect to account for interannual dependence among DED estimates 

within sites.  When a significant fixed effect was detected (P < 0.10) we conducted post-hoc 

means comparison tests using the PDIFF option within the LSMEANS statement in PROC GLM 
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(SAS Institute 2004).  We employed the Tukey-Kramer method to correct Type I error rate due 

to multiple comparisons.   

 Ground counts and aerial inventories of waterfowl.--Beginning in 1938, Frank C. 

Bellrose recorded numbers of waterfowl by car and boat using binoculars and spotting scopes, 

typically requiring a week to inventory the IRV (Havera 1999:183).  Aerial inventories began in 

1948, and were conducted approximately-weekly inventories from a fixed-wing, single-engine 

aircraft at altitudes of 61ï137 m and speeds of 161ï241 km/hr (Havera 1999:186).  Inventoried 

locations in the IRV were typically distinct floodplain lakes and associated bottomland forests 

and marshes that flanked the Illinois River (see Bellrose et al. 1979, 1983, and Havera 1999 for 

further explanation).  In many cases the area surveyed was bounded by the mainstem of the 

Illinois River and the upland bluff, and some sites were impounded by levees.  Inventoried areas 

of the Mississippi River included leveed wetlands within the floodplain, unleveed lateral lakes 

and marshes, and impounded mainstem reaches between navigation dams.  We did not collect 

habitat-specific data on wetland use by waterfowl; rather, we estimated waterfowl abundance for 

the entire area of each location.  Thus, each distinct complex of wetland habitats was sampled as 

a discrete unit.   

Waterfowl use in relation to wetland characteristics.--We used the proportion of total 

wetland area in each of the following wetland habitat categories as covariates to explain variation 

in waterfowl use during historic and contemporary mapping periods (Cowardin et al. 1979):  1) 

Bottomland Forest (FOREST); 2) Nonpersistent Emergent (NPE); 3) Open Water (OPENH2O); 

4) Aquatic Bed (AB); 5) Floating-leaved Aquatic (FLOAT); 6) Mud flat (MUD); 7) Persistent 

Emergent (PE); 8) Scrub-shrub (SCSH); and, 9) the Interspersion-Juxtaposition Index (see Page 

11).  Additionally, we included covariates accounting for the categorical proportion of a site 
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where hunting and other disturbances were prohibited (i.e., 0ï25%, 26ï50%, 51ï75%, and Ó 

76%; REFUGE; obtained by consulting Illinois Department of Natural Resources personnel; 

Stafford et al. 2007) and wetland size (ha; AREA) to control for the influence of these factors on 

duck use.  We included each habitat covariate individually (with REFUGE and AREA), as well 

as a model intended to explain abundance of wetland plants that provide waterfowl forage 

(NPE+AB+FLOAT), a woody vegetation model (FOREST+SCSH), a thermal cover model 

(SCSH+PE), an aquatic vegetation model (AB+FLOAT) and an interspersed emergent 

hydrophyte (e.g., ñhemi-marshò) model (IJI+NPE+PE).  We did not fully parameterize any 

model to account for the unit-sum constraint. 

 We desired to model waterfowl use during entire seasons by estimating use-days (UDs) 

from aerial inventory or ground count data.  However, aerial inventories during fall did not begin 

until 1948, and ground counts of waterfowl prior to this were typically limited to counts during 

peak migration, often with few replications.  We examined available data on waterfowl 

abundances during the historic mapping period, and determined sufficient data was available for 

a subset of mapped wetlands during fall.  Thus, we used aerial and ground count data to compute 

waterfowl USs for the period 1 October to 15 December 1939ï1959, when Ó3 counts existed for 

a location and year, following the methods of Stafford et al. (2007:396).  Waterfowl abundance 

data were not available for all mapped locations in 2005ï2006; thus, we used data from the year 

wetlands were mapped when possible, otherwise we used abundance data collected during 2000, 

which was the most recent data available.   

We developed 2 sets of candidate models to explain variation in historic fall UDs of 

mallards and diving ducks, respectively.  Our first set of models included covariates from all 

maps for which Ó3 ground or aerial counts were available during 1939ï1959 (n = 55; Table 1).  
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However, after examining results of the first modeling effort, we realized that significant outliers 

existed in the UD dataset, particularly during the early years computed from ground-count data 

(i.e., 1939ï1947).  These outliers contributed to considerable variation in the dependent variable 

(e.g., range of mallard UDs: 900ï37,280,200), and resulted in poor interpretability and 

predictability of models.  Therefore, we performed a second modeling effort using only data 

where aerial counts were available (1950ï1959; n = 35).  Because UDs computed from ground 

counts may have reflected real patterns in waterfowl abundance, we present both sets of models 

for each dependent variable so the reader may draw conclusions about the value of each model 

set.  We only modeled mallard UDs during the contemporary period because diving duck 

abundance was limited during 2000ï2006 aerial inventories.  One site (Quiver Lake) did not 

receive use by either mallards or diving ducks during the study period, and we excluded it from 

analyses. 

Regardless of mapping period (e.g., 1939ï1959, 1950ï1959 or 2005ï2006), we modeled 

fall UDs using the maximum likelihood estimation method (METHOD = ML) in the MIXED 

procedure, SAS v9.1.3 (SAS Institute 2004).  We used variance inflation factor (VIF) diagnostics 

to evaluate collinearity among covariates in candidate models and found no evidence of 

substantial intercorrelation (i.e., VIF Ò 1.73; PROC REG; SAS Institute 2004).  For historic 

models only, we accounted for correlation in waterfowl use among sites over time by including 

wetland location nested in YEAR in the REPEATED statement of PROC MIXED.  We 

determined best approximating and competing models from our candidate set using second-order 

Akaikeôs Information Criterion (AICc; Burnham and Anderson 1998).  We considered models 

competitive within candidate sets if they were Ò2.0 AICc units of the best approximating model.  

We model-averaged parameter estimates when model separation was poor and variables 



16 
 

appeared in multiple competing models (weighted by model weight, wi; Burnham and Anderson 

1998).  We interpreted importance of covariates by calculating 95% confidence intervals about 

parameter estimates.  To evaluate model fit, we regressed observed and predicted values for each 

candidate model to estimate the coefficient of determination (R
2
).  Regardless of analytical 

question and statistical approach, we report all means ± 1 SE. 

RESULTS 

Change in Wetland Characteristics 

The MANOVA model evaluating wetland habitat composition over 3 time periods was 

significant (Wilksô ɚ = 0.38; F20, 182 = 5.65, P < 0.001).  A posteriori contrasts indicated 

significantly greater (P < 0.10) proportions of wetland classified as FOREST, SCSH and MUD 

during our contemporary survey compared to early and late historical periods, which did not 

differ (Table 3).  Conversely, proportion of wetland area classified as AB was significantly less 

during 2005ï2006 than either historical period, whereas contemporary wetlands contained 

significantly less area of FLOAT wetland than the early, but not late, historical period (Table 3).  

Proportion of NPE wetland increased significantly between the early and late historic periods 

and did not differ between the late historic and contemporary periods; however, the general trend 

in NPE increased with each time period classification (Table 3).  In contrast to NPE, proportion 

of wetland area classified as PEM declined between early and late historical periods, but not late 

historical and contemporary mapping (Table 3).  Proportion of OPENH2O wetland did not 

change over time, nor did the average relative richness of wetland categories.  Finally, IJI, 

computed based on all wetland categories, was significantly greater in the early historic mapping 

period than the late historic, but average contemporary IJI was similar to both historic periods 

(Table 3). 
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Historic Secchi and water depths existed for 8 and 13 locations, respectively.  Range of 

Historic Secchi depths were collected during 1939ï1942, whereas water depth readings were 

available for 1938ï1957.  Average Secchi depth was significantly less (i.e., wetlands were more 

turbid; F1,421 = 137.5, P < 0.001; x̄ difference = 20.6 ± 1.8 cm) during 2005ï2006 (x̄ = 12.4 ± 1.8 

cm) than 1939ï1942 (x̄ = 33.0 ± 2.3 cm).  Water depths were significantly shallower (F1,1787 = 

199.2, P < 0.001; x̄ difference = 27.9 ± 2.0 cm) in 2005ï2006 (x̄ = 35.6 ± 7.3 cm) than 1938ï

1957 (x̄ = 63.5 ± 7.3 cm). 

Energetic Carrying Capacity 

 Estimated DED/ha did not differ among the 3 time periods (F2, 85 = 2.10, P = 0.129).  

However, the general trend in least-squares means of average DED/ha increased between early 

(x̄ = 1,061.9 ± 99.1) and late (x̄ = 1,154.7 ± 99.6) historic and contemporary (x̄ = 1,347.2 ± 

137.2) mapping periods.  Overall, wetlands in our sample provided an estimated 1,130.2 ± 53.2 

DED/ha.  Although significant degradation of wetland habitats for waterfowl occurred between 

historic and contemporary mapping periods, increased wetland area with nonpersistent emergent 

vegetation may have offset energetic declines, as evidenced by a strong correlation between NPE 

area and total wetland DEDs (r = 0.73).   

Fall Use by Ducks in Relation to Habitat Characteristics 

Mallards 1939ï1959.--Four of 14 models formulated to explain variation in mallard UDs 

during falls 1939ï1959 had ȹAICc
 
values <2.0, and accounted for 76.4% of model weight (wi; 

Table 4).  Averaged across all competing models containing the variables, total mallard UDs 

were positively associated with SCSH (  = 601,561; 95% CI = 116,505 to 1,086,617) and 

AREA (  = 5,611; 95% CI = 2,238 to 8,984).  Percent OPENH2O occurred in the third best 

approximating model and was positively associated with mallard UDs ( OPENH2O = 66,476; 95% 
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CI = 12,607 to 120,345).  REFUGE, FOREST and PE occurred in competing models, but 95% 

confidence intervals about parameter estimates did not differ from zero. 

Mallards 1950ï1959.--Two of 14 models in the reduced dataset intended to explain 

variation in mallard UDs during falls 1950ï1959 were considered competitive (ȹAICc
 
<2.0) and 

accounted for 83.5% of model weight (wi; Table 5).  Averaged across competing models, total 

mallard UDs were positively associated with IJI (  = 47,390; 95% CI = 13,384 to 81,395), 

REFUGE (  = 382,541; 95% CI = 14,548 to 750,534) and AREA (  = 4,099; 95% CI 

= 3,001 to 5,197).  Occurring in the best-approximating model, NPE was also positively 

associated with mallard UDs (  = 23,349; 95% CI = 1,301 to 45,397), whereas percent PE 

was negatively associated with the dependent variable ( = -38,013; 95% CI = -79,389 to 

3,363), although the 95% CI included zero.   

Mallards 2005ï2006.--The best approximating model of mallard UDs during 2005ï2006 

included only the covariates accounting for REFUGE and AREA and accounted for 46.7% of 

model weight; no other model was <2.0 AICc units from this model (Table 6).  Intuitively, 

REFUGE (  = 196,659; 95% CI = 63,375 to 329,943) and AREA (  = 381; 95% CI = 

8 to 753) were positively associated with mallard UDs, although the latter parameter estimate 

indicated was small and the confidence interval approached zero.  Although 2.2 AICc units from 

the best model, the second model accounted for 15.9% of model weight and, included the 

negative main effect of IJI as well as REFUGE and AREA.  However, the confidence interval 

about parameter estimate for IJI ( = -18,429; 95% CI = -38,374 to 1,516) included zero. 

Diving Ducks 1939ï1959.--Separation of candidate models intended to explain variation 

in diving duck UDs during 1939ï1959 was poor; 6 of 14 models had ȹAICc
 
values <2.0, and 

these accounted for 71.3% of model weight (wi; Table 7).  Model-averaged parameter estimates 




