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Executive Summary

Large river systems and their floodplain wetlands have undergone signdegmadation
in the Midwestern United States. Fortunately, significant efforts to restore or enhance wetlands
in these systems are ongoing, and regional conseryatianersare attempting talentify
habitatdeficitsfor waterbirdso prioritize restoration objeates 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 protessddress these
information needs, we first createdy@ospatial database of historic wetland conditions in the
lllinois River valley (IRV) from maps created by Frank C. Bellrose and staff dNH& during
1939 1959 and ramapped 15 of these wetlands using modern technique&(oeal
Positioning SysterfGPS) during 20052006. 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 dublksed on ground and aerial inventsrie

We compared wetland characteristics among 3 time periods (i.e., early historit [1939
1942], late historic [1943.959], and contemporary [2008006]). Results indicated proportions
of wetland area classified as bottomland forest, sshubb, ananudflat were greater during
2005 2006 than the earlier mapping periods, whereas area of atedtand floatindeaved
aguatic vegetation declined significantly the contemporary period. Proportion of wetland area
classified asonpersistenemergent generally increased across all mapping periods, whereas
persistent emergent area declined between the early and late historic periods. Finally, the
interspersiofjuxtaposition index, intended to quantify spatial heterogeneity of wetland
componets, was greater during the eatiyan latemapping periodput other pairwiase
comparisons were similarAverage Secchi and water depths were both significantly less during

contemporary than historic mapping periods. Estimated foraging carrying cdpagcityuck



energy days (DED) per ha) for ducks, based on wetland composition and energetic values from
Soulliereet al. (2007), did not differ significantly across mapping periddsst models of
mallard(Anas platyrhynchgsanddiving duckabundanceluring 1939 1959and 20052006

poorly explained variation in the dependent variabldswever, models of mallandsedays
considering only aerial surveys (193@59) indicated proporticof refugeandnonpersistent
emergent vegetatioigtal wetland areana the interspersiejuxtaposition index were positively
associated with mallard us€onversely, proportion of wetland classified as persistent emergent
was negatively associated with the demendariable.

We believe the general increase in percent areambersistenémergent vegetation
among time periodwas likely due to increasedoistsoil managemenracticesreduced water
depths due to sedimentation, and substantial droughts during 2005 andH2008:er, we
suggest our results indicated the loEsubmersed and floating wetland vegetation further
emphasizes theeedto restorethese components in IRV wetland3revious research supports
our notion that these components may increase attractivefegetlands to many waterfowl
species.Reestablishing these plasummunitieshas been challenging the IRV; however, we
suggessuccessful restorations wktlands infformer drainage and levee districts isolated from
the lllinois River (i.e., HennepiHopperLakesand EmiquorPreserveprovide important
examplesf 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, Wwelieve conservation planning would benefit from additional, targe
scale studies estimating energetic availability to waterfowl across foeagetypes, space and
time. Additionally, researchlentifying food densities at which foraging by waterfowl bees

unprofitable (i.e., givingup densities) would provide information to further refine conservation



objectives. Althoughour results indicatethat energetic carrying capacity of IRV wetland did

not changesignificanty over time interspersion and jéaposition of wetland component&s

an important predictor of historic use by mallards. We suggest that once energetic objectives for
waterfowl are met, research, management, and restosiaidfocus on composition and

spatial arrangement of vegetatito further improve wetland habitats for migrating waterfowl.
Finally, most studies of waterfowl use have endeavored to identify the numerical responses of
birds towetlandhabitat characteristics. We believe future investigations would benefit through
collectionof physiologicalandbehavioraldata, thereby attempting to identify functional

responses of waterfowl to restoration and management actions.



Introduction

Large iver systems throughout the United States hawaergonesignificant
anthropogenialterations during the 3tcentury. Although many of these changes affected the
river channel itself (i.e., dredging and channelization), river floodplains usually cbgleatest
impacts (Bellrose et al. 1983, Sparks 1995). When the natural hydrologic ebb and flow of large
floodplain rivers are alteretheir lakes, backwaters, and wetlamasy sufferconsiderable
degradation and become vulnerablelévelopmenti.e., conversion to croplands; Havera 1999).
Large rivers in the upper Midwest that have undergone such alterations include the Ohio,
Missouri,Mississippi, and lllinois Fortunately, segments of these systems retain some natural
hydrology, and wetland restdi@n 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 lllinois Riveralley, including many backwaters, tributariead floodplain
wetlandswithin the 78,000 kihwatershed (U.S. Army Corps of Engineers 2004).

Despite extensive watershed modifications, most large river systems in the midcontinent
regionremaincritical habitats for migrating waterbirds and other wetland dependent wil@ife.
these systems, the IRV is of primary importance to waterfowl and a focus area of the Upper
Mississippi River and Great Lakes Region Joint Ventheedafter,JV) of the North American
Waterfowl Management Plan (UMRGLRJV Management Board 1988)phasizing its
historical importance to waterfowl, 1.6 million mallards were counted during aerial inventories
in the IRV in 1948, and peak numbers of lesser scaythya affini$ exceeded 500,000 prior to
themidl 95006 s ( Ha \v286).8An dver@Df 20.68/of the Mississippi Flyway
wintering mallard population spent at least one day in the IRV during 1996 (based on

midwinter inventories; Havera 1999:229). Unfortunately, extensive leveeing and drainage,



primarily to promote agriculture, haBmeinated 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 recentyears,severareclamation and restoration projects have been initiated to return

structure and function of segments of the lllinois River floodplain to some former state. Some of
these efforts includet) restoration of the Hennepin aHdpperlakesin north-central lllinois by

The Wetlands Initiative; 2) dredging of Peoria Lake to remove sediment by the U.S. Army Corps
of Engineers SACOE); 3) rehabilitabn of Swan (Calhoun County) arf@hautauqua Lalsdy

the USFWSndUSACOE; 4) reclamation of the ,800ha EmiquorPreservéoy The Nature
ConservancyTNC) and the L BFWS and 5) restoration of the Spunky Bottoms wetland area by
TNC.

The goal of ecological restoration has bee
close approximation ofitscortdi on pri or to di sturbance. 0 (Nat |
Previous restoration efforts undoubtedly improved wetland conditions in the IRV; however, an
unbiased evaluation of a return to previous conditions is difficult without detailed historigal data
andthis 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.

Thelllinois Natural History Survefy Borbes Biological Statiopossesse$40 detailed
maps of IRV wetlands hardtawnand groundtruthetdy or under the supervision Bfank C.

Bellrose during 19381933 and drawn fronaerial photographi;m 1959 Bellrosedid not
produce maps for each wetland in each year; however, maps were dra@uioouz

bottomland lakes.



These historic maps were examinedd$ experts at University of lllinois, Urbana
Champaign to determine if they were accurate and detailed lenobg scanned, georeferenced,
and digitally analyzed using modern computer software. Fortunately, maps were deemed
accurate and detailed enough to allow creatiom satial database.

We believed ompilation, analysis, and distribution of this histat database would
provide significant guidance in evaluating restoration success of floodplain wetlands in the IRV
and other large river systems in the upper Midwéstaccomplish this task we developed the
following research objectives:

1. Create a Gl®overage of eachistoric wetland mapnd 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 prsgnt

characteristicand include these data in the Gl&abase

3. Compare wetland characteristics (i.e., vegetati composi ti on) among

1938)andi | at e 0 (historigal gnd cbrliemBojary (objective #2apping
periods.

4. Estimate historical and contemporary foraging carrying capacity sé¢ thetlands
based on area of wetland vegetation and published estimates of energy values of
waterfowl! foods $oulliere et al. 2007

5. Model waterfowl use (based on existing ground and aerial inventoryida&dation
to historicwetland characteristics.

The majority of our work involved addressing Objectives 1 and 2, for which we provide a
DVD-ROM containing historic and contemporary GIS date¢over pocket or contact:

Michelle Horath, Illinois Natural History Survelrank C.Bellrose Waterfowl Reseeln Center,



P.O. Box 590, Havana, IL 62644:r&ail: mgeorgi@inhs.uiuc.edu). The remainder of this
document provides information on field and analytical methods, results and discussion
addressing Objectives B.

METHODS

Development of Historic GeospatiaDatabase

Historical maps of wetland vegetation were produsetsveen 18 July and 16 Octolimsr
FrankC. Bellrose (19381953) and Forrest Loomis (195857) of thNHS, who used rough
triangulation to plot vegetation on 19B&BACOE maps of 1:12000 scale (Bellrose 1941,
Bellrose et al. 1979). Maps of wetland vegetation dulingust1959 were produced from
aerial photographs interpreted by Bellrose (Bellrose et al. 1979).

We digitally scanned handrawn vegetation maps and georketi the image using
ERDAS Imagine Orthobase 8aid ArcGIS Q software projected in the UTM coordinate
systemusingNAD 1983 Zones 15 and 1@&fvironmentalSystems Research Institit896
Table ). Subsequently, we digitized vegetation zones usingooeen digitizing features in
ArcGIS 92, made spatial adjustmeriiased on the 1933 COE maps of 1:12000 schére
necessaryand calculated the area of polygons using the XToolglRrextension for ArcGIS
(DATA East, LLC 206).

Mapping Contemporary Wetland Characteristics

We ranked wetlands in the IRV by the number of historical-gegys (the number of
years a particular bottomland lake was mapped duringi 198®) and mappedaetland
vegetation (hereafter, covermapped)lbfbottomland lakes durirgpmmers 2005n(= §;
Anderson Lake, Bath Lake, Chautauqua Lake, Crane Lake, Cuba Island, Jack Lake, Moscow

Bay, andQuiver Lakg and 20061f = 7; Big Lake, Clear Lake, Douglas Lake, Goose Lake



[Fulton County], Rice Lake, Sawmill Lake, and Swan Lake [Put@aumnty) for which the
greatest number of historical maps exigfEablel). We identified site boundaries from historic
maps created by Bellrose, preselaty bluff lines, and the waterline of the lllinois River or its
side channels.

We covermapped wiand vegetation using line transects (nestiuth or eastvest UTM
lines) spaced every 300 m along site perimeters. We delineated changes in vegetation structure
(e.g., moistsoil, scrubshrub, or bottomland forest) along transect lines usi@ga unitand
documented dominant plant species as we transitioned between vegetation zones. We estimated
plant species congsition and recorded water andc8hi disc depths at 7 random locations along
each transect by dividing transects into 7 equidistant segr(tepbint 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 thejority of wetland plants matured to aid identificati@ng.,
Aug. 1).

We classified wetland vegetative zones=(13) by grouping species of similar life forms
or by the absence of vegetatio®.( open waterOPENH2Q based on Cowardin et al. (1979)
Speifically, we ategorizedvoody vegetation as bottomland for@SOREST)if trees were >6
m in height or scrulshrub(SCSH)if woody vegetation was6 m tall (Cowardin et al. 1979).
We classifiedother wetland habitats as nonpersistent emergent vegetitfitie.g., grasses
and sedgespersistent emergent vegetatidtE e.g., cattail§ Typhaspp] and bulrushes
[Scirpusspp]), mud flas (MUD), floating-leaved aquatic vegetatioRL(OAT; e.g., duckweed
[Lemna ming}), and aquatic be@hB; e.g., coontai[Ceratophyllum demersyim Additionally,

we believed these categoriepresented broagtale wetland habitats importantagrating



waterfowl (Suloway and Hubbell 1994, U.S. Fish and Wildlife Servicer200Ve classified
miscellaneous categories aspend(CROP) levee(LEVEE), road(ROAD), sand[SAND), and
campgroundCAMP). We digitized wetland vegetation using GPS waypoints (supplemented
with field notes) superimmed on 200%nd 20@ aerial photos obtained from the United States

Department of Adculture- Geospatial Data Gatewalt{p://datagateway.nrcs.usda.gov/

Statistical Analyses

Change in Wetland l@aracteristics--We desired to analyze changesvetland
composition over time, but these variables were not independent due to themimmibnstraint
(i.e., all proportions sum to 1). Compositional analysis, which transforms proportional
dependentariables to logatios, accounts for this lack of iependence (Aebischer et al. 1993).
However, our data set contained many zeros, and using compositional analysis would have likely
lead to severely inflated Typeerror rates (Bingham and Brennan 2004, Badzinski and Petrie
2009. Further, examination @ésidual plots indicated our errors were not multivamatamal
distributed, but arcsine squam@ot transforming the data did not significantly improve error
distributions and complicated interpretability of results. Therefore, we selected an analytical
approach similar to that of foduabits studies (Afton et al. 1991, Ross et al. 2005, Badzinski and
Petrie 2006), and analyzed change in wetland habitat compassiiogmultivariate analysis of
variance (MANOVA) with simple proportions as tependenvtariable. 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 charaaristics for analysis, we examined maps for continuityitef

boundaries Mapped areas varied significantly, and we desired to compare similar wetland
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regions over time. Thus, we clipped historic andtemporary maps in ArcGIS 9@ the
wetland areahat we believed included the regions of wetlands that received most use by
waterfowl. We excludedhaps from analys if they were incompleter not available for at least
2 of 3 categorical time period$ablel).

We summed wetland area (ha) of eaefetation type into the following wetland habitat
categories based on Cowardin et al. (1979): ljdadand Forest (FOREST); 2) Npersistent
Emergent (NPE); 3) Open Water (OPHRD); 4) Aquatic Bed (AB); 5) Floatingeaved Aquatic
(FLOAT); 6) Mudflat (MUD); 7) Persistent EmergerRE); 8) Scrubshrub (SCSH); and, 9)
Cropland (CROP). We computed proportions of each habitat by dividiagea by total
wetland area. Further, we computed the relative richness (RR) of habitat types by dividing the
numberof wetland habitats present in each map by the total possible hgpéatexcluding
CROP(n = 8). Finally, wetlands witlliversehabitat types distributed throughdbeir basins
may be more valuable or attractive to waterfowl than those with cluthgietbutions Weller
and Spatchet965); therefore, we computed the Interspersioxtaposition Index (1Jfor
individual wetlands(McGarigal and Marks 1995). We included the tiE value of which
increases as patches tend to be moreasaevenly i
index of heterogeneity of habitat typeBrocedurally, we converted all clipped wetland maps
from polygons to grid¢10m cellg in ArcGIS 9.2, imported grids into ArcView 3.3nd output
IJ1 values using the Patch Analysg.0 extension Rempel and Carr 2008ia the FRAGSTATS
interface (McGarigal et al. 2002)

The depenent variables in the MANOVA model included the proportion of each of
wetland habitat types esent in each magndRR and 1JI. We categorized mapping periods

(independent variable) as early (183942) and late (1943959) historic and contemporary
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(2005 2006). We chose to separate historic maps intogore postl 942 céegories because the
largest flood on record in tHRV 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 ydallewing the flood as vegetation recovered.

We conducted our analysis using the MANOVA statement in PROC GLM, SASVv9.1.
and included wetland location as a random effect to account for dependendtiarma we
conditions within individual wetland$SAS Insitute 2004) We used Wi |l kds Lambda
determine significance of the MANOV,Adecause it is considered robust to violations of the
assumption of multivariate normali{i3adzinski and Petrie 2006)f results indicated a
significant @ < 0.10) change in wéd&nd conditions over time, we conducted plost means
comparison tests using the PDIgption within the LSMEANS statement in PROC GLM. We
employed the TukeKramer method to correct Type | error rate due to multiple comparisons.

Water andSecchidepth records were available for some, but not all, historic maps,
whereas we recorded these depths during contemporary mdppbig 1) Therefore, we
conductedwo separate analyses of variance (ANOVAS) to evaluate potential change in average
water al Secchidepths(cm) between historic (1933959) and contemporary (20006)
mapping periods. We analyzed data using the MIXED proced®a$v9.1.3 (SAS Institute
2004), andncluded mapping period (TIME2 categorigsas the independent variable and
wetland location (LOC) as a random effect to account for interannual dependencevaterng
andSecchidepth measuremenigthin sites. We conducted poshoc means comparison tests
using the PDIFF option within the LSMEANS statement in PROC GLite{l et al. 1996SAS

Institute 2004).



12

Foraging Carrying Capacity-Soulliere et al. (2007) identified criteria for estimating
energy available to migrating and wintering waterfawdV wetlands. Fromrelevant literature
the authors averagestimates of yiel (kg/ha) and true metabolizable energy of important
waterfowl foods (3.0 kcal/g) to estimagaergetic carrying capacitical/ha)of wetland
community types. Furthethey dividedenergy estimates by 2, based on the assumption that
50% of estimated engy was actually available to waterfowl. We desired estimates of historical
and contemporary energetic carrying capacity relevant td\ththus, wemodified Soulliere et
al.6 €007)approacho include recent estimates of messtil plant seed abundance from the
IRV (Bowyer et al. 208, J. D. Stafford, lllinois Natural History Survey, unpublished data; Table
2).

We estimated total energy within wetlands for waterfowl from historic and cpotany
maps by multiplying communitype specific energgstimategTable?2) by the area (ha) of
each habitat claggiation derived from ArcGIS 9.2We computed duck energhays (DEDs) by
dividing total energy estimates by 292 (kcal/g), the assumeygletairgy requirement of a
mallardsized duck during winter (Reinecke et al. 1989). Finally, we divided the previous values
by total wetland area (ha) to estimate DED-peit-area.

We evaluated potential changes in DED/ha (dependent variable) betwigemstaric
(1939 1942),latehistoric(1943 1959) and contemporary (209006) 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 indkgpervariable and wetland
location (LOC) as a random effect to account for interannual dependence among DED estimates
within sites. When a significant fixed effect was detecked (0.10) we conducted pekbc

means comparison tests using the PDIFF optibimin the LSMEANS statement in PROC GLM
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(SAS Institute 2004). We employed the Tuk&ymer method to correct Type | error rate due
to multiple comparisons.

Ground counts and aerial inventories of waterfeMdeginning in 1938, Frank C.
Bellroserecorded numbers of waterfowl by car and boat using binoculars and spotting scopes
typically requiring a week to inventory the IRavera $99:183). Aerial inventories began in
1948, and wereonducted approximatelyeekly inventories from a fixeding, singleengine
aircraft at altitudes of 61.37 m and speeds of 1681 km/hr (Havera 1999:186). Inventoried
locations in the IRV were typically distinct floodplain lakes and associated bottomland forests
and marshes that flanked the lllinois River (selr8%e et al. 1979, 1983, and Havera 1999 for
further explanation). In many cases the area surveyed was bounded by the mainstem of the
lllinois River and the upland bluff, and some sites were impounded by levees. Inventoried areas
of the Mississippi Riveincluded leveed wetlands within the floodplain, unleveed lateral lakes
and marshes, and impounded mainstem reaches between navigation dams. We did not collect
habitatspecific data on wetland use by waterfowl; rather, we estimated waterfowl abundance fo
the entire area of each locationhus, each distinct complex of wetland habitats was sampled as
a discrete unit.

Waterfowl usen relation to wetlandcharacteristics-We used the proportion of total
wetland area in each of the following wetland tatttategories as covariates to explain variation
in waterfowluse during historiand contemporargnapping period (Cowardin et al. 1979): 1)
Bottomland Forest (BREST); 2) Nopersistent Emergent (NPE); 3) Open Water (OREQ);

4) Aquatic Bed (AB); 5) Fatingleaved AquaticKLOAT); 6) Mudflat (MUD); 7) Persistent
Emergent (PE)8) Scrubshrub (SCSH)and, 9) the Interspersialuxtaposition IndexsgePage

11). Additionally, we includectovariates accounting for the categorical proportion of a site
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where hunting and other disturbances were prohiljited Q 25%, 26 50%, 517 5 %, and O
76%; REFUGE obtained by consulting lllinois Department of Natural Resources personnel,
Stafford et al. 2007and wetland size (ha; AREA) to control for the influent¢éhese factors on
duck use. We included each habitat covariate individually (with REFUGE and AREWElla
as amodel intended to explain abundance of wetland plhatsprovidewaterfowl forage
(NPE+AB+FLOAT), a woody vegetation model (FOREST+SCSHjjermal cover model
(SCSH+PE), an aquatic vegetation model (AB+FLOAT) and an interspersed emergent
hydrophytemdesigo) imbeenli Wédidhdt fuly Patamddiide any
model to account for the ursum constraint.

We desired to modelaterfowl use during entire seasons by estimatingdags(UDs)
from aerial inventory or ground count datdowever aerial inventoriesluring falldid not begin
until 1948, and ground counts of waterfowl prior to this were typidiatijged to counts dring
pe& migratian, oftenwith few replications. We examined available data on waterfowl
abundances during the historic mapping period, andrdetedsufficient data was available for
a subset of mapped wetlands during.falhus, we used aerial and gnal count data to compute
waterfowl USs for the period 1 October to 15 December 1939 59, when O3 count s
a location and year, following the methods of Staffet al. (2007:396)Waterfowl abundance
data were not available for all mapped kmas in 20052006; 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 develope@ sets oftandidate modskto explain variation iristoricfall UDs of
mallards andliving ducks respectively Our first set of models included covariates from all

maps for which O3 ground or &l®59i0ab5Tabed.nt s wer



15

However, after examining results of the finsbdeling effort, we realized that significant outliers
existed in the UD dataseqtarticularlyduring the early yearsomputed frongroundcount data
(i.e., 19391947). These outliers contributed to considerable variation ideppendentvariable
(e.g.,range ofmallardUDs: 900 37,280,20), and resulted in poor interpretability and
predictability of models. Therefore, we performed a second modeling effort using only data
where aerial counts were available (1958659;n = 35). Because UDs computed frgmound
counts may have reflected real patterns in waterfowl abundance, we present both sets of models
for eachdependentariable so the reader may draw conclusions about the value of each model
set. We only modelednallardUDs during the contemporary pad becauseéiving duck
abundance wadsnited during2000Q 2006 aerial inventories. One site (Quiver Lake) did not
receive use by either mallards or diving dudksing the study perigénd weexcluded it from
analyses.

Regardless amnapping period (e.g., 1989959,1950 19590r 2005 2006, we modeled
fall UDs using the maximum likelihood estimation method (METHOD = ML) in the MIXED
procedure, SAS v9.3 (SAS Institute 2004)We used variance inflation factor (VIF) diagnostics
to evduate collinearity among covariates in candidate models and found no evidence of
substantial i nt er78 BROCRKEG BASdnstitute 2004&ar histokcl F O 1.
models only, we accountédr correlation in waterfowl use among sites over thgencluding
wetland location nested YEAR in the REPEATED statement of PROC MIXED. We
determined best approximating and competing models from our candidasinggsiecondorder
Akai keds | nf or maBuinltam an@ Anderserr 1098)n Wéshlér€ll models
competitive within candidate sets if they wé&D AIC. units of the best approximating model.

We modetaveraged parameter estimatd®en model separation was p@mdvariables
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appeaedin multiple competing modelsveighted by modelveight wi; Burnham and Anderson

1998) Weinterpreted importance of covariates by calculating 95% confidence intervals about

parameter estimated.o evaluate model fit, we regressed observed and predicted values for each

candidate model to estimate tt@efficient of determinatiorRf). Regardless of analytical
guestionandstatistical approachye report all means 1 SE.
RESULTS
Change in Wetland Characteristics

The MANOVA model evaluating wetlartthbitatcomposition over 3 time periods was
significant Wi | k s 0 By 1 =505, B<80;001) A posteriori contrasts indicated
significantly greate(P < 0.10 proportionsof wetland classified aBSOREST SCSHandMUD
during our contemporary survey compared to early and late historical peviudk did not
differ (Table3). Conversely, proportion of wetland area classifiedBsvas significantly less
during 20052006 than either historical period, whereas conteargaretlands contained
significantly less area ¢iLOAT wetland than the early, but not late, historical period (T&hle

Proportion oMNPEwetlandincreased significantly between the early and late hispariods

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

in NPE increasedith each time period classificatigiable 3. In contrast to NPE, proportion
of wetland area classified &M declined between early and late historical periods, but net lat
historical and contemporary mappiniaple 3. Proportion oOPENH20wetland did not
change over time, nor did the average relative richness of wetland categories. Binally,
computed based on all wetland categomess significantly greater in thearly historic mapping
period than the late historic, but average contemporawyadisimilar to both historic periods

(Table 3.
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Historic Secchi and water degkxisted for 8 ad 13 locations, respectivelfyRange of
Historic Secchi depthsere collectd duringl939 1942, whereas water depth readings were
availablefor 1938 1957. Average Secchi depth was significantly less. (wetlands were more
turbid; F; 42;= 137.5,P < 0.001;x difference =20.6 + 1.8 cm) during 2002006 & = 12.4 + 1.8
cm) than 1991 1942 (x = 33.0 + 2.3 cm) Water depthsvere significantly shallowei 17g7=
199.2,P < 0.001;x difference = 27.9 + 2.0 cm) in 2008006 (x = 35.6+ 7.3cm) than 198i
1957(X = 63.5+ 7.3¢cm).

Energetic Carrying Capacity

Estimated DEIhadid not differ among the 3 time periods(gs = 2.10 P = 0.129).
However the general trend in leastjuares means of average DED/ha increased between early
(x=1,061.9 £ 99.1) and latexE 1,154.7 + 99.6) historic and contemporaxy=(1,347.2 +
137.2 mapping periods. Overall, wetlands in our sample pgexvan estimated130.2 + 53.2
DED/ha. Although significardegradation oWetland habitats for waterfowlccurredbetween
historic and contemporary mapping periods, increased wedla@adwithnonpersistenémergent
vegetatiormay have offset energetic declines, as evidenced byragstoorelatiorbetween NPE
area andotal wetlandDEDs(r = 0.73)

Fall Use by Ducks in Relation to Habitat Characteristics

Mallards 1939 1959--Four of 4 models formulated to explain variationnmallardUDs

during falls 19391 9 59 h awhluepR.0, @rd accounted f@6.46 of model weigh{w;;

Table4). Averaged across all competing models containing the variablesmaffardUDs
werepositively associated WitﬁCSH(ﬁSCSH =601,561 95% CI =116,505t0 1,086,617 and
AREA (EAREA =5,611 95% CI =2,238t0 8,984. Percent OPENH20 occurred in the third best

approximating model and was positively associated mihardUDs (Bopentz0= 66,476; 95%
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Cl=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 1950 1959--Two of 14 models in the reduced dataset intentteelxplain
variation inmallardUDs during falls 19501959were considered competitiyep A 1. €2.0) and

accountedor 83.5% of model weight{w;; Table5). Averaged across competing modédgal
mallardUDs werepositively associated witld| (ﬁ,], =47,390 95% CI =13,384t0 81,3995,

REFUGE(Breruce = 382,541 95% CI =14,548t0 750,534 and AREA 3,z = 4,099 95% CI
= 3,001t0 5,197). Occurring in the besapproximating modeNPE was also positively
associated with mallard UO8,»; = 23,349 95% CI =1,301to 45,397, whereas percent PE
wasnegatiely associatdwith the dependent vabite (8,5= -38,013 95% CI =-79,389t0
3,363, although the 95% CI included zero

Mallards 2005 2006--The best approximating model mfallardUDs during 20052006
included only the covariates accounting for REFUGE and AREA and accounted for 46.7% of
model weight; no other model was <2.0 Al@its from this model (Tabl®). Intuitively,
REFUGE(Breryce = 196,659 95% CI =63,375t0 329943 and AREA(Szz4 = 381 95% Cl =
8 to 753 were positively associated withallardUDs, although the latter parameter estimate
indicatedwas small and the confidence interval approached zZdtbough 2.2 AIG 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 18] { = -18,429 95% Cl =-38374t0 1,516 included zero.

Diving Ducks1939 1959--Separation of candidate models intended to explain variation
in diving duckUDs during 19391959 was poor; 6 di4mo d e | s Qvaldes «@2®,|ad@l

these accounted f@il1.3% of model weigh{w;; Table7). Modelaveraged arameter estimates






