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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).
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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
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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%



18

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
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indicated negativassociationgetween the dependent variable and REFIFEEREST and PE

andpositiverelationships with AREA, SCSHnd OPENH20O. However, all parameter

estimates were highly variable and all 95% confidence intervals about estimates included zero.
Diving Ducks1950 1959--Similar tomodelingof mallardUDs during 19501959, 2of

14 modelsof diving duck UDsduring fdls 1950 1959 were competitive and accounted for

51.1% of model weighfw;; Table8). The third best approximating model wa8 2IC. units

from the best modeincluded only the control variables BEFUGE and AREAand accounted

for 10.1% model weightAveraged across competing mod@&&EA indicated a small, positive
association with fall diving duckiDs (EAREA =79, 95% CI =38to 120), whereas the model
averaged parameter estimateREFUGE(EREFUGE =7,872 95% CI =-6,370to 22,119 was

alsopositive but the 95% confidence interval included zero. Meadeadraged PIE[?PE =-1,995
95% CI =-3,632to -358) was negatively associatedth diving duck UDs, as was SCS¥qsy
=-6,549 95% CI =-12,820to -278), which in the best model.
DISCUSSION
Change in Wetland Composition

Researchers have been documentieigrioration of wetland habitatstime IRV for
decades, anBellrose et al. (1979) providexicomprehensive review of changes in wetland
characterists in the region Conditions ofmanywetlands likely continued to decline during the
subsequerni8 years despiteconsiderable effogtto reclaim, restore or enhance wetlands in the
lllinois River floodplain. We believew geospatial databasé historic wetland conditions and
analysis othemagnitudeand direction of chages in wetland characteristiedl provide

valuable information tguideconservation planning and wetland restoration efforts.
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Results othe MANOVA analysis indicated sule changes in wetland composition
between the early and late historic perjattsd more dramatic changes by the contemporary
period Although not all contrasts were significant, proportidnvetland classified as NPE
generallyincreasedcrossnappingperiods, averaging3.9% and20.1% more NPE duringhe
early than late historiandearly historic thartontemporary peric] respeately. Generally,

NPE wetland is comprised of annual vegen (e.g., moissoil plants;Low and Bellrose 1944,
Fredrickson and Tayldr982 that produce seeds valuablentaterfowl. We cannot specifically
account for the increased area of NPE wetland but suggest the chanigavetagendue to: 1)
increased management for messil veget#ion to attract waterfoly 2) reduced water depths in
wetlands due to sedimentatiasich likely increasedvetland area faorable for growth oNPE
vegetationand 3) uncontrollable conditions (e.g., precipitati@yring the contemporary period
that provided favorable hydrolodgr NPE vegetation Supporting the first notiorBellrose et

al. (1979) suggested that wetland area in the IRV with the potential to control hydrology and
grow moistsoil vegetatiorhad increased due to ongoing development (e.g., construction of
levees)y privatehuntingclubs USACOE USFWS, andDNR, and it is likelythis trend
continued into the contemporary mapping period.

The influence of uncontrollable conditions on NPE area likely expiesome ofthe
increase in this componeddairingthe contemporary period. Significant drought prevailed during
summer 2005 and a minor drought occurred in 26@84th et al2006 Yetter et al. 2007
allowing many wetlands toetvaterand maintairadequateonditions for moissoil plant
growth. Bellrose et al. (1979:47) reported frequent water level fluctuations in the IRV resulted
in only 3 20% ofthe basirarea developing moisioil vegetation, but undenost favorable

water conditions 44% of the wetland area could produce +soilsplants. Giventhe droughts, it
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was somewhat surprising that th@portion of wetland classified as open water did not change
sigrificantly over mapping periods; however, open water aredegason average in 200% =

32.6% + 11.4%i.e., when th@rought was most sevegrinan 2006x = 43.3% + 6.7%

Increased area ofiud flatbetween historic and contemporary periaf®may have been

related to doughtduring 20052006 althoughsedimentation was likely a contributing factor as
well. We suggesincreased area of NPE during the contemporary period was at least partially a
function ofdroughtthat promoted near optimum hydrologic conditions for meask plant

growth.

Currently, t is common knowledge that IRV wetlands are largigyoid of submesed or
floating-leavedaquatic plants, and our resutsnfirmedaverage area of AB and FLOAT was
<0.1% during 20062006. These important wetland components were once relatively abundant
in floodplain wetlands of thiRV (Figurel). Interestingly, proportion of wetland area classified
asAB did not differ statistically between early and ldtistoricmapping periods (1192 vs.

14.1%; Table3), whereasveragepercent area of FLOAT declid&1.®6 over the same time
period(14.9% vs. 7.2%Table3). Correspondingly, the combined area of AB and FLOAT was
generally similar between earlyg2%) and late (21.3%)istoricmapping periodsPopulations

of migrating waterfowl declined significantly in the IRV beginning in the 1950s (Havera,1999)
andthe decreasmay have been partially attributable to slight declines in AB and FLOAT.
However, these components were still relatively abundant during the late historic mapping
period Therefore, we suspect other forces were likely responsible ¢tinds in abundance of
migratory waterfowl in the IRV.

Efforts to restore wetland areas withuatic bed and floatinigaved aquatic vegetatiam

the IRV have met little succeggin et al. 2001)put we suggest continued and increased efforts
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to providehabitat conducive to reestablishitigesevegetation typesRestoration osubmersed
and floatingleaved aquatiplants is hinderedh bottomland lakes connected to the lllinois River
by extensive sedimentatiqftarrett and Fritz 1965jluctuating hydréogy, and invasivanimal
species (e.g., exotic cargdavera 1999 Wetlands with protection from some of théaetors
may offer opportunity to reestablisiguaticplants. Threenoteworthy examples include the
formerLittle Creek, Hennepin and Hoppand Thompsomhakes drainage and levee districts.
These bottomland lakes were separated from the lllinois River during the 1920s for agriculture,
but have been purchased and restored ®\Whtlands Initiative (Hennepidopper) and The
Nature Conservancy.iftle Creek [Spunky Bottoms] anthompson Lak¢EmiquonPreservg.
Both sites remain isolated from the lllinois River and this factor, combined with careful
management of fish populations and water levels, likely resulted in significant beds of aquatic
vegetatiorpresent at these siteResponse of waterfowl to the restoration of Hennéjppper
has been impressivéuring 19992002, HennephHopper accounted for 486% of usedays
by mallards, northern pintaiRfas acutg American wigeonAnas amexang, gadwall Anas
streperg, and northern shoveleAfas clypeathin the entire Peoria Pool section of the lllinois
River (Horath and Havera 2007If. detrimental effects odltered hydrologyexotic plantsand
animals and sedimentation are eventually controlibése restorationsuldbereconnected to
the lllinois Riverto fully function as floodplain wetland2Jntil that time,they provide
important exampkeof successful intermediate sgefo restoring aquatic ahts in the regian
Generally, more wetland area classified as bottomland forest andssgutbwas present
in contemporary than historic maps. In 1900, the Chicago Sanitary and Ship Canal was
completed, diverting large amounts of water from Listehigan to the lllinois River

(Cruikshank 1998Haveral999). Increased flowffectively doubédthe area of bottomland



23

lakes in the IRV (Bellrose et al. 1979:4ut killedmost of themastproducingbottomland
hardwoodforest(e.g., pin oak$Quercus plustrig, pecangCarya illinoensi$) along the upper

and middle portions of the IRVWater levels remained high due to diversion until 1938, when

the flow from Lake Michigan was finally reduced based on a decision by the U.S. Supreme

Court Havera etil. 1980:15, Havera 1999:87)Although speculativeje suggesthe increasd

area of woody vegetatidikely reflectedreestablishment of mestolerant trees (e.qg.,

cottonwood Populus deltoidds silver maplg Acer saccharinuiy) and shrubs (e.g., black

willow [Salix nigrd, buttonbushCephalanthus occidenta)isafter diversion was reduced.

Finally, continued sedimentation of wetlands also has almost certainly increased forested area of
wetlands in the IRV (Bellrose et al. 1983).

Almost no cropandwasrecorded during historic mapping; however, wetland area in
agricultural crops averagé&d7% during 20062006. Managers of publigaterfowl areasnd
privateduck clubsoftenincorporaterow crops into their management strategies. Although
agriculturd grains are considered high energy foods for waterfowl, th@ylack essential
amino acids found in natural plant se@daldassarre et al. 1983, Delnicki and Reinecke 1986,
Loesch and Kaminski 1989Fxtensive agriculture in the IRV likely provides adglant waste
grain for waterfowl (Warner et al. 1983ndwe encourage managers to promote ristor
other natural wetland vegetation over agricatwrops

Average interspersicjuxtaposition index was greater during the early than late historic
and contemporary periglthough the laer difference was not statistically significant. Thus, it
appears that arrangement of habitat types within wetlaadsnoreneterogeneous early in the

historic mapping periodAbundances of waterfowl durirfglls 1939 1942 were some of the
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highest recorded in the IRVAdditionally, the 131 was an important predictor in our models of
mallardUDs, and we discuss the potential importance of this variable in the next section.
Energetic Carrying Capacity

Energetic anchutritional demands of waterfowl vary throughout the annual @mtkitis
widely acknowledged that foods that meet the energetic requirements of migration and
thermoregulation are important during autumn and wifBaldassarre and Bolen 2006:270)
Because availability of high quality forage may limit waterfowl use in the region]J¥fecuses
conservation planning on strategies to meet energetic requirementsderirvgrand migrating
waterfowl byproviding abundant higlenergy foodge.g., energypasel carrying capacity
approach)

Our results indicatk on averageas nanyor more DEDs/ha were availabtethe lllinois
Rivervalleyduring 200%2006 agluringthe historic periodsWe believe this result is largely
explained by increased area of NREvieen historic and contemporary periods, as this
component accounts for the greatest energyupirarea (Soulliere et al. 2007:37n contrast
to this resultabundance of waterfowl! during fatl thelRV is currentlyless now than during the
historicperiods Despite stable to increasing DEDs/AB andFLOAT were largely extirpated
from IRV wetlandsprior to the contemporary period. Losses of these wetland components,
resulting in more homogenous wetlanagy have reduced attractivenéssvaterfowl.
Submersed aquatic plants often harbor abundant and dineestebrate communitieghereby
providing a diversity of foods beneficial tonanyavianfeeding nichesHornung and Foote 2006,
Longcore et al. 2006 Additionally, ducks may prefer forage in habitats that affongredator
vigilance while feeding (Guillemain et al. 2001, Fritz et al. 20@)ecifically, ducksthatfeed

by tippingup or with their heads submerged have no visual éiettimustperiodicallypauseo
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scan for predatorsSubmersed and floatilgaved aquatic vegetation may provide forage near
the surface of the water, thereby allowing dabbling dée&d with eyes exposed and increase
intake rate without sacrificing vigilanc€r{tz et al.2002. Thus,the ability to forge continually
in AB or FLOAT may offset theyreater energy peamit-area of NPE that may require
submersiorto access forage

Other possible explanations for the decline in waterfowl use in relatgtaliteenergetic
carrying capacitynay include facts such as changes in spatial arrangement of wetland habitats,
disturbance, continental population sizes, or bias in count methoddlgggannotexplicitly
account for tis disparity, but suggest focused observational and experimental research
investigaing factors influencing waterfowl use of wetlands in migratory focus areas would aid
conservation planning and implementation

In lllinois, the JV endeavors to proteatstore or enhandes1,485 haf habitatfor
migratory waterfowto meet populatiogoals (Table11 and 12n Soulliere et al. 2007). Based
on ourcontemporarestimateof 1,347 DED/hawaterfowlhabitat in lllinois could suppogbout
218 millionDED (i.e., UDs by mallaresized ducksjf JV protection and restoration goals were
met. This translates into enough habitat to support @&million waterfowl over a 3@ay
migration period.Overall, theJV endeavors to provide habitat that suppésismillion DEDs
or UDsduring spring migration and wintéfable 8in Soulliere et al. 200). If habitat goals
were achieved, Illinois coultheoreticallysupport approximatel%% o f t gopulatbry 6 s
goal during these seasoriBhe majority of migratory waterfowl habitat in the state is located
along the lllinois andentral Mississippi rivers. Fall duddDsin these two regionaveraged 20

million during 19881996, with a maximum of about 80 million during 194857 (Havera
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1999:248). Thus, it appears available energy would exceed demand if JV habitat objectives were
met.

Althoughit appeargpopulation goalsor lllinois could be met by achieving habitat
objectivesseveral species within the Jdcus region are declining of special concernThe
JV suggested a 23 million uskay deficit in the region during th@nbreeding season for
greater Aythya marild andlessetscaup, corresponding with a habitat deficit of 18,854 ha
(Soulliere et al. 2007:89)Likewise, research suggests that declinaogitinentalpopulationsof
Lesser Scaumay be due to changes or a lack of suitableforaginghabitatduring spring(i.e.,
spring condition hypothesis; Afton and Ansen 2001, Anteau and Afton 20@006, Anteau et
al. 2007) Even ifsufficientforaginghabitatexists to meet population objectsauring fall,
amountof food remaining in wetlands for sprimgigrating waterfowl is largely unknown.af-
migraing waterfowl generally maintain body condition and nutrient reserve |dwveats
waterfowl may require additional nutrierdaring springn preparation fobreeding (Krapu
1981) Indeed, during springs 2002005 seeds were prevalent in diets of mallards and lesser
scaup collected at Swan Lake on the lllinois River (Smith 20Gr¢er et al. (200 eported
managed wetlands in Missouri lost 79% of seedgbng when flooded the previous fall,
whereas impoundments not flooded usfifing lost only 31% of seed3¥hus, management
techniques focused on providing food to spangrating waterfowl may mitigate fafbod
losses (Greer et al. 2007). We suggelstitional research investigating seasonal availability and
losses of waterfowl foods would provide important information to guide conservation planning.
Regardless, availability of forage durisgringis criticaland conservation @&pring habitet

shoud remain a high priority.
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Waterfowl Use and Wetland Characteristics

We modeled UDat mapped sites during 193®59to identify variables possibly
explaining variation in abundareefmallards and diving ducks; howeveseverafactors may
influence duck use concurrenthdditionally, fit of models is not implied byformation
criteria. Coefficients of determinatiofor the periodl939 1959indicated models explained
modest amounts of variation mallardUDs (R = 0.34i 0.44), but very little of the variation in
diving duck UDS(R? = 0.09i 0.15). Model fit improved when only aerial inventory data were
considered, with models afallardand diving duck UDs explaining 674% and 3044% of
variation in thedependenvariables, respectively. Fit of contemporary models wagtter(R? =
0.5310.63). We recognize that most variation in hependentariables was explained by
REFUGE and AREA, and the addition of habitat covariates resulted in only modest
improvements in model fit (e.g., <14% addlital variance explained; Tablg 5

We cannot account for poor predictionhatoricmodels when gpund count data were
included. These years included some of the highest recorded abundances of waterfowl in the
IRV (Havera 1999:227 If continental populationof waterfowl were particularly great during
the early historic perigibne might expect use in the IRV to taativelyhigh as well; however,
we are unaware akliableestimates of breeding population spe fall flights during this
period Alternatively, counting waterfowl aerialather than from the grounday be anore
reliable way of estimating abundan@&ancill and Leslie 1990and it is possible that ground
counts did not reflect actual trends in abundarfasother possible explanation may relate to
diversion of water from Lake Michigan to the lllinois Riwea theChicago Sanitary and Ship
Canal. Increased flow from Lake Michigan initially doubled the wetland area in the IRV, but a

court order reduced flow significantgince1939. If amount of wetland habitat for waterfowl
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wasquickly anddramatically redced, waterfowl arriving in the area may have been abnormally
corcentrated on remaining wetlandRegardless, UD models based on data from 11B3%9
were difficult to interpreand did not perform as well as models for T98859. Herein we
constrain oudiscussiorto results of modelBom the later period Additionally, best models
intended to prediahallardUDs during 200% 2006 included onlyhe control variables of
REFUGE and AREA or parameter estimatésther covariatewere too variable to draw
inference. Therefore, we devote no discussion to results of contemporary modalsuad
UDs. Nonetheless,evbelievehabitatvariables identified in out950 1959analyses influenced
mallardand diving duckJDs, butinterpretour results cautiously and acknowledge these
relationships do not imply causation.

Theinclusion of REFUGE in candidate models was primarily intended to control for the
effect of rest area on waterfowl use, and the association betnzeandREFUGE was
intuitive and consistent with previous research findi{®jafford et al. 2007)Research in
Denmarkdocumented considerable displacement of waterfowl due to huhtibthe effect was
greater wheimmunters were mobileatherthan stationaryi.e., floaing puntsvs. stationary boats
or blinds Madsen 1998). Hunting generally resulted in a less abundant and diverse waterfowl
communityand intermittent huntin@e.g., 3 days/week) did not redutisturbancesignificantly
unless the time between hunts wasthe order of weeks (Fox and Madsen 1997; Madsen
1998&)). Evans and Day (2002) documented greater densities of waterfowl on refuges compared
to nonrefuge sites during hunting season in the United Kingdom, but birds redistributed
themselves among siteh@n hunting ceased. Havera (129®) reportedhatducks expended
5.0/ 24.8% more UDs ofRV refugesduring the hunting season compared teggason use.

We believethe predicted positive associations of REFUGE to UDs in most candidate
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models reaffirnthe value of rest areas to waterfawlllinois. For example, parameterizing the
best approximating models of UDs during 105959 prediatd thatmallarduse increased

23.6% and diving duck use increased 20.9% if categorical refuge area increased2@&m 2
50%) to 3 (5175%). Bellrose (1954) described the value of waterfowl refuges in lllinois, noting
that waterfowl densities were nearly 4 times greater on wetlands devoted entirely as refuge
compared with sites where only half the wetland area was undisturbed. He also ebtidtide
26.752.0% of direct recoveries of waterfowl banded on lllinois refuges during fall were
harvested within 40 km of the banding site (Bellrose 19%4afford et al. (2007) modeled use
days ofmallards in the lllinois and Mississippiver valleys diring 19771987 in relation to
wetland characteristics from National Wetlands Inventory naagsreportedREFUGE was an
important predictor omallardUDs duringfall andspring Specifically, models predicted

average increases fall usedaysof 194,633 274,476and increases ispringusedays of

75,654 110,720 for each 25% increase in refuge area (Stafford et al. 2007:398). The authors
suggested the latter relationship perhapgcatedbetterspringmanagement of, or interseasonal
philopatry to, efuges (Stafford et al. 2007).

Waterfowl refuges are often intensively managed to prodegetatiorthat attract birds
during migration. Thus, it is possible that the significance of REFUGE in models may have been
due togreater area dfigh-quality waterfowl habitatson refuges.However, area dPE and\NPE
werethe best predictsrof mallardUDs during 19501959, and @ost hodnvestigation
indicated very weak relationslsipetweerthese variableand REFUGHR? = 0.04[NPE and
PE)); therefore, wébelieve lack of disturbance likely explains the relationship of REFUGE to

duck use.
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Our best model amallardUDs indicated that proportion of area in emergent cover types
(NPE and PE), as well as interspersion and juxtaposition of all wetland habig{l8ipebest
predicted useThepositiveassociation with NPEuring195Q 1959was similar taesults of
Stafford et al. (2007), who identified combined area of PE and NPE as a positive predictor of
mallardUDs during 197v1987. Parameterizing the begpproximating model ahallardUDs
during 19501959,while holding REFUGE and AREA at the study period averages, predicted
an 8.7% increase dDsif NPE increased 5% above the stysiriodaverage X = 22.6%).
Curiously, this relationship may not hold in the contemporary landscape of the IRV. Our
analysis of change in wetland characteristics over time suggested a significant increase in
wetland area classified as NPE, yet estimateetlagsof most duck specidsave been stable or
declined since 1950959(Havera 1999Horath et al. 2005) Nonetheless, NPE appears to have
been an important component attractingllarcs to IRV wetlands during the 1950s, and we
suggest our results generally support managemectiges that promotRlPE vegetatioms a
means of providing quality habitat for migratonallards.

The best model suggested thallardUDs declined with increased proportion of
wetland classified as RBlthoughwe note the confidence interval about the parameter estimate
suggestdno verifiableinfluence. Whereas NPE vegetation typically consists of-pesdlicing
annual plants, PE in tHRV often includes dense stands of robust emergents (e.g., river bulrush)
that provide few benefits to migrating waterfowl other than theanakcapeover.

We included the 131 in models to account for distribubbmwetland habitatbased on the
notion that attractiveness of wetlands to some wettlepbndent avifauna maycrease as
compositional heterogeneity increasgsnsukKaminski and Prince 1981, Murkin et al. 1982,

Smith et al. 208). Indeed, our 2 best modelsmhillardUDs included this variable, and
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averaging across models indicated an average increase dd U&Xor each unit increase in
the 1JI. Interpreting IJ1 can be difficuland considerable variation existed during 19559
(Range: 36.685.2). Thus, we refer the readerFigure2, whichillustrate Chautauqua Lake in
1959 and 1955, when 1JI value®re least (45.7) and greatest (85.2) for this location

Maximum waterfowl use and diversity has been associated with an equal interspersion of
standing emergent vegetatairemoandVedpem watderSp@
Weller and Fredrickon 1974, Kaminski and Prince 1981, Murkin et al. 1982, Smith et al. 2004).
Indeed wetlands with interspersed emergent vegetation and open water may allow for spatial
segregation that minimizes competition and aggminteractions (Kaminski and Print884,
Smith et al. 2004)Further, use by waterfowl may decline when proportion of emergent cover
greatly exceeds open water area or-wieesa (Weller 1978, Smith et al. 2004 he 131 was
computed based on all wetland habdatiegorieandwe cannotdraw inference with respect to
interspersion and juxtaposition of these 2 specific typésvever, these componetgeragd
27.7% of wetland areandthe average combined arebNPE, PE and OPENH20 was 67.4%.
Whereas specific habitat types may associate wétarduse, arrangement of habitat patches
within wetlands may banimportant aspect of attractivenes#/e believe this relationship
warrants further investigation in regions of importance to stagingregréting waterfowl

No competing model indicated a positive associatiomesfandhabitat characteristids
diving duck UDsduringfalls 19501959. Interestingly, the parameter estimate for REFUGE
indicated a positive association, as expected, butdhidence interval about the model
averaged estimate suggested the relationship was tenuous. We cannot account for the variability
of this estimate, but suggest REFUGHikely animportant component of wetland management

to diving ducks based on evidenthat these species are particularly susceptible to disturbance
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(e.qg., Thornburd 973,Korschgen et al. 198%{averaet al. 1992).

The 2 variables other than REFUGE and AREA appearing in the best approximating
models of diving duck UDs indicated use dieetl with increased proportion of wetland area
classified as PE and SCSHhese relationships are intuitive given that many diving ducks (e.qg.,
lesseiscaup,canvasbackAythya valisinerid) are often associated witvetland containing
large areas afpen water and shallomarsh(Korschgen 1989:15%aracuello006) thus,
increasing PE and SCSH would serve to reduce-o@der foraging sitesHowever, the lack of
statistical association between diving duck UDs and AB and FL@AS somewhat surprrsy.
Although most wetlands contained someaareAB (x = 15.7% + 3.4%pand FLOAT &= 7.0%

+ 2.6%)during 19501959, perhaps asrage abundance or variabilitytbiese wetland

components was too low in our stualgado indicate disproportionate attractiveness to diving
ducks. Alternatively, abundance of fingernail clamg (Musculium transversujnan

important food to migrating diving ducksegan to declinsignificantly in the IRVin the 1950s
(Paloumpis and &trett 1960, Anderson et al. 1978oncurrent with precipitous declines in

diving duck abundandgiavera 1999:236)If abundance of fingernail clams wis® primary
attractanpf diving ducksto IRV wetlands pertaps wetland characteristics in our anedlygere

unable to predict diving duck use because they were not indicative of fingernail clam abundance.
SUMMARY AND IMPLICAT IONS

We suggest thiwss of AB and FLOAT betweethe late histori@and contemporary
mapping periodmay be of greatest influence to wetland habitats and waterfowl use in the IRV.
Submersed and floating vegetation waserelatively abundant itRV wetlands but efforts to
restore these components have largely failed. Nonetheless, these wetlandyipaisitekely

provided significant plant and animal forage dorerse guilds omigrating waterfowl.
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However, air analysis of foraging carrying capacity diot suggestoss of these components
resulted in reduced energy available to waterfowl in tg®re Nonetheless, heterogeneity and
diversity of vegetation may hawemhanced the attractiveness of these wetlands to waterfowl
Although challenging, we believe that efforts to restayeatic bed and floatiAgaved aquatic
plantswould provide signitant ecological benefits to many migratory and resident wildlife.

Energetic valusof different wetlanchabitats used in our analysis encumbered
considerable variatiom methodologyspaceand time(i.e., 86 13,246DED/ha; Soulliere et al.
2007, Table2). Due tothe complexity of waterfowl foraging habitat®nservation planning and
waterfowlmanagement would benefit from studies #iatultaneouslestimate carrying
capacityacross many forage types amtompastargerspatial and temporal scalesuch an
investigation would be potentially expensive and diffitalimplementput could provide
information to understand how landscdeeel changeand temporal variabilityn foraging
habitats may affect waterfowl use of important migratory regions.

Recent studiebave improved estimates ehergetic carrying capacity fepecific habitat
types,such as moissoil (Gray et al. 1999, Penny 2BBowyer et al. 208, Reinecke and
Hartke 2005Kross 2006 andagricultural waste grainNarner et. al. 198%taffordet al.2006).
Thesestudies are valuable for conservation planning, but little is known about how waterfowl
respond as forage is reduced, and specifically at what food densities foraging becomes
unprofitableand waterfowl cease feedingavan@n wetlands (i.e., givingp density). We are
only aware of 2 estimates of giviup densities relevant to waterfowl, both indicating mallards
cease foraging in flooded rice fisldhen rice seed abundance drops below 50 kg/ha (Reinecke
et al. 1989, Rutk2004). The JV currentlgssumes half of all food is available to foraging

waterfowl; this estimate is conservative, but studiestifying givingup densitie®f waterfowl
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and pathways of seed loss (e.g., decomposition, granit@rgjher important fods would
allow conservation goals and objectives to be refined

Few variables in models, other than AREA and REFU&g|ained temporal variation
in mallard and diving duck UDs during falCertain wetland habitat types, particularly NPE,
appeared to mitively associate with mallard use, but even these variables explained only modest
variation in UDs. Interestingly, 131 was one of the best, positive predictors of mallard UDs. We
suggest this relationship indicates that once energetic goals areemeid@quate forage per
unit-area), composition and arrangement of habwétsn wetland may be important attractants
to waterfowl. The nature of our study was observationalhanattempted to explain duck use
over entire seasons. We recommend future researcbhnductedt finer spatial and temporal
scales to better explain the relationships between duck useetlatidhabitat characteristics.
For example, predictive ability ehodels may improve ihformation onweather, duck
abundance, vegetation structure, food availability, and disturlvegreerecorded daily or
weekly. The previous example may improve understanding of the numerical response of
waterfowl! to wetland habitaf but future research should also endeavor to understand functional
responses (Holling 1959). Such an approach may involve collecting data on behavior or
physiological condition, and could perhaps be done experimentally (e.g., physical manipulation
of forage abundance or vegetation cover).
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Tablel. Date and UTM Zone of historic and contemporary wetland maps included in the geospatial database (DVBpa&keck
denote if maps were clipped for consistent wetland area, used in spaeiffses, or contained water or Secchi depth data.

Location UTM MANOVA of Energetic 19391959 19501959 2005 2006
and Year Date Zone DVD Clipped Wetland Carrying Useday Useday Useday
Characteristics  Capacity Models Models Models

Water Secchi
Depths Depths

Anderson
Lake

1939 27-Aug 15 U U U U

C
C

1956 20-Aug 15 U U U U U U

C

1959  Aug 15 U U U U U U

Babbs
Slough

1942 27-Aug 16 U u?

C

1940 17-Aug 15 U U U U

1950 5-Nov 15 U U U U U U

1956 18-Sep 15 U U U U U U

2005 Aug 15 U U U U U U U
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Tablel. Continued.

Location UTM MANOVA of Energetic 19391959 19501959 20052006
and Year Date Zone DVD Clipped Wetland Carrying Useday Useday Useday
Characteristics  Capacit Models Models Models

Water Secchi
Depths  Depths

1938 16

C
(=

C
Cc
C
Cc
C

1940 5-Sep 16

1942 19-Aug 16

C
Cc
C
Cc
C
C
C

1956  Sep 16 u U U U U U
Billsbach
Lake
Chautauqua
Lake

1939

[EnY
(&)]
C
C
C
C
C
C
(e

1941 6-Aug 15

Cc
Cc
C
C
C
C
C

1943 15

Cc
Cc
C
C
C

1946 15

Cc
Cc
C
C
C
C

1955 19Sep 15

Cc
C
C
Cc
C
C
C

1959 Aug 15

C
Cc
C
Cc
C
C
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Tablel. Continued.

Location UTM MANOVA of Energetic 19391959 19501959 2005 2006
and Year Date Zone DVD Clipped Wetland Carrying Useday Useday Useday
Characteristics  Capacit Models Models Models

Water  Secchi
Depths Depths

1939 9-Sep 16 U U U U U

Cc
C
Cc
Cc
(=
(=

1941 1-Sep 16 U

1950 5-Oct 16 U

1959 Aug 16 U

Cc
C
Cc
Cc
C

Crane Lake

1940 23-Aug 15 U U U U

1955 21-Sep 15 U U U U

Cc
C

2005  Sep 15 U U U U

C
Cc
Cc

1939 23-Aug 15 U U U U

Cc
Cc

1943 9-Oct 15 U U U U

1955 23-Sep 15 U U U U U U

2005  Sep 15 U U U U U U U
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Tablel. Continued.

Location UTM MANOVA of Energetic 1939 1959 19501959 2005 2006
and Year Date Zone DVD Clipped Wetland Carrying Useday Useday Useday
Characteristics  Capacit Models Models Models

Water Secchi
Depths  Depths

1938 8-Sep 16 U

1940 2-Oct 16 U U

C
C
C

1942 16 U U

C
C
Cc
C
C

1956  Sep 16 U u?

C
C
Cc
Cc

2006  Aug 16 U u

C
C
C
C
C

1938 9-Aug 16 U u®

C
C

1941 13-Aug 16 U

C

2006  Aug 16 U U

C
C
C
C
C

1939 24-Sep 16 U U

C
C

1941 3-Sep 16 U u?

C
Cc

Grass Lake
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Tablel. Continued.

Location UTM MANOVA of Energetic 1939 1959 19501959 2005 2006
and Year Date Zone DVD Clipped Wetland Carrying Useday Useday Useday
Characteristics Capaci Models Models Models

Water  Secchi
Depths Depths

1939 25-Aug 15 U U U U

(=
C

1956 6-Sep 15 U u® U U

Cc
C
C

Jack Lake

1942 22-Aug 15 U u® U U

C
C

Cc
C

1959  Aug 15 U U U U

Moscow Bay

1950 5-Nov 15 U U U U

Cc
C

1956 24-Sep 15 U U U U

Cc
C

2005 Aug 15 U U U U

C
c
C

1938 15 u u®

Cc

1941 14-Aug 15 U U

C
C

1946 15 U U
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Tablel. Continued.

Location UTM MANOVA of Energetic 1939 1959 19501959 2005 2006
and Year Date Zone DVD Clipped Wetland Carrying Useday Useday Useday
Characteristics  Capacit Models Models Models

Water  Secchi
Depths Depths

1938 2-Sep 15 U U U U U

1940 6-Sep 15 U U U U U

C
Cc
C
C

2005 Aug 15 U U

1938 30-Aug 16 U U

1941 19-Aug 16 U u?

C
Cc
C

1943 2-Oct 16 U U

C
Cc
C
C

1950 5-Oct 16 U U

C
Cc
C
C

1955 26-Sep 16

C
Cc
C
Cc
C
C
Cc

1957 8-Oct 16

C
Cc
C
Cc
C
C
Cc

Sangamon

5
<

1939 13-Sep 15

C
C
C
C
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Tablel. Continued.

Location UTM MANOVA of Energetic 19391959 19501959 2005 2006
and Year Date Zone DVD Clipped Wetland Carrying Useday Useday Useday
Characteristics Capaci Models Models Models

Water  Secchi
Depths Depths

1938 16 U U

1940 16 U u® U U U U

2006  Sep 16 U U U ]

C
C
C

1939 16 U U U

1942 16 u® U U

1938 12-Sep 16

C
Cc
Cc

Starved
Rock Pool

1940 29-Sep 16

Cc
Cc
C
C

Stewart
Lake

1941 15 U U
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Tablel. Continued.

Location UTM MANOVA of Energetic 1939 1959 19501959 2005 2006
and Year Date DVD Clipped Wetland Carrying Useday Useday Useday

Zone Characteristics  Capacit Models Models Models

Water  Secchi
Depths Depths

1938 26-Aug 16 u u

1940 26-Sep 16 U u U U u u
1942 18Jul 16 u u U u u
2006  sep 16 U u U u u u u
1938 15 U u? U

1941 14Aug 15 U u® U U

2 Denotes base map used in clipping for consistent wetland area.

® Indicates base map was clipgeatk to this map for consistent wetland area.
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Table2. Estimates of energy (kcal/ha) available in general community types used by waterfowl
for migrationstaging and wintering in the Upper Mississippi River and Great LRkggonJoint
Venture (JV).We assumed an average true metabolizable elf€Ml) estmate of3.0kcal/g

for foods available in wetland and agricultural settinBsld numbers are mean energy values

for community types x 0.50 (0.75 for agriculture fields), assuming 50% of available energy is
accessible (declining food concentration resirtreduced feeding efficiency and site use).

Adapted fromSoulliere et al. (2007:44)

Nonpersistent  Persistent : Forest and Floating
Emergent emergent Aquatic bed Scrubshrub leaved Aquatic Open Water  Cropland
1,050,000 720,006 1,200,000 1,110,000 1,200,000
240,006 25,006 25,006
3,368,000
1,800,000 243,000 180,000
404,200
958,000 222,000
2,370,000 1,074,000 1,074,000
2,358,000
867,429 235,500 568,500 338,000 383,000 12,500 219,000

¥ enow et al., unpublished report, Upper Mississippi RimeE. C. Slivinski, An assessment of the potential
waterfowl carrying capacity for existing and proposed alternative refuge closed areas ori Pdolstde Upper
Mississippi River.

Heitmeyer1989, Agricultural/wildlife enhancement in California: The Central Valley Habitat Joint Venture.
Report on general food density in California wetlands (842 kg/ha x 3,000 to convert from kg to kcal).

“Reinecki and Kaminski, 2005 USGS unpublished report fore Lower Mi ssi ssi ppi Val l ey.
hardwoodso (30% oankr$h withdosest/sveampmlcomnumity, and weiste grain includes soybeans
(180,000 kcal/ha) and corn (404,200 kcal/ha, using 370 bushels/ha and 98% harvest efficiency).

dSteckel 2003, Food availability and waterfowl use on-migration habitats in central and northern Ohio.
°Korschgen et al. 1988, Feeding ecology of canvasbacks staging on Pool 7 of the Upper Mississippi River.

'Bowyer et al. 208, Moist-soil plant seegroduction for waterfowl at Chautauqua National Wildlife Refuge,
lllinois.

93. D. Stafford, lllinois Natural History Survey, unpublished data. Estimates of-sudligtiant seed production
from public lands managed by the lllinois Department of NaturabRees.
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Table3. Results of MANOVA intended to explain variation in wetland composition over time.
Means and standard errors are proportions of wetland Bfapping periods refer to early

(1939 1942) and late (1943959) historic and contemporary (2 2006).

Time Period
19391942 1943 1959 2005 2006
Wetland Category x SE x SE x SE
Bottomland Forest 8.8A° 1.3 8.2A 1.3 153B 2.2
Nonpersistent Emergent 124A 2.8 21.3B 2.8 32.5B 4.8
Open Water 38.7A 3.9 41.7A 3.8 37.6A 6.6
Aquatic Bed 112A 2.6 14.1A 2.5 <0.1B 4.4
Floating-leaved Aquatic 149A 2.2 7.2B 2.1 <0.1B 3.7
Mud flat 0.4A 0.2 0.1A 0.2 1.7B 0.3
Persistent Emergent 12.3A 2.0 5.3B 2.0 3.9B 3.4
Scrub-Shrub 1.3A 0.5 2.2A 0.5 5.2B 0.8
Cropland 0.0A 0.4 0.0A 0.4 3.7B 0.7
RelativeRichness 69.8A 2.1 64.2A 2.0 70.8A 3.5

Interspersiofuxtaposition Index  69.6A 1.8 63.7B 1.7 65.8AB 3.0

#Values with different letters within wetland or quality index cateqosws)indicate significant
differencesf leastsquares mear(§ukey-Kramer testP O 0 . Cloftrists were based on the

full multivariate mode(Wi | k s 0 o 155= 505 B<80;0001)
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Table4. Candidate models to explain variatiorusedaysby mallards during fall(1 October 15 Decemberat locationamaped by
Frank C. Bellrose anthventoriedfrom the ground or aerially for waterfowl duriig391959, r anked by second ord
information criterion (AIG). Also included are the number of estimable paramekgr$ 2 log likelihood scorei @ Log), model

weight (v), and coefficient of determinatiofR).

Model K  -2Log AIC . &Al.C w R?

REFUGE+FOREST+SCSH+AREA 6  1851.0 1864.8 0.0 0.2 0.437
REFUGE+SCSH+AREA 5 18538 1865.0 0.3 0.221  0.407
REFUGE+OPENH20+AREA 5  1854.4 1865.6 0.9 0.164  0.401
REFUGE+SCSH+PE+AREA 6  1852.4 1866.2 1.4 0.126  0.422
REFUGE+PE+AREA 5  1856.3 1867.5 2.8 0.063  0.380
REFUGE+FOREST+AREA 5  1857.3 1868.5 3.8 0.038  0.369
REFUGE+AREA 4  1859.9 1868.7 4.0 0.035  0.338
REFUGE+IJI+AREA 5  1858.1 1869.3 4.6 0.026  0.358
REFUGE+IJI+NPE+PE+AREA 7  1853.0 1869.4 4.6 0.025  0.416
REFUGE+AB+AREA 5  1858.7 1869.9 5.2 0.019  0.353
REFUGE+NPE+AREA 5  1859.8 1871.0 6.3 0.011  0.339
REFUGE+FLOAT+AREA 5  1859.8 1871.0 6.3 0.011  0.339
REFUGE+AB+FLOAT+AREA 6  1858.6 1872.4 7.6 0.006  0.353
REFUGE+NPE+AB+FLOAT+AREA 7 1857.4 1873.8 9.0 0.003  0.367
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Table5. Candidate models to explain variatiorusedaysby mallards during fall(1 October15 Decemberat locationsmapped by
Frank C. Bellrose anaiventoriedaerially for waterfowl durind950i1959, r anked by second order Akaik
(AIC.). Also included are the number of estimable parametgr$ 2 log likelihood scordi 2 Log), model weight\;), and

coefficient of determinatiorf).

Model K -2Log AIC . &Al.C w R?

REFUGE+IJI+NPE+PE+AREA 7 11092 1127.2 0.0 0.500 0.742
REFUGE+IJI+AREA 5 1116.0 1128.0 0.8 0.335  0.689
REFUGE+NPE+AREA 5 1119.3 1131.3 4.1 0.064  0.659
REFUGE+PE+AREA 5 11204 11324 5.2 0.037  0.648
REFUGE+AREA 4 11245 11338 6.6 0.019  0.606
REFUGE+SCSH+PE+AREA 6 11203 1135.2 8.0 0.009  0.649
REFUGE+FLOAT+AREA 5 11239 11359 8.7 0.006 0.612
REFUGE+AB+AREA 5 11240 1136.0 8.8 0.006 0.611
REFUGE+SCSH+AREA 5 11240 1136.0 8.8 0.006  0.611
REFUGE+FOREST+AREA 5 11243 1136.3 9.1 0.005  0.608
REFUGE+OPENH20+AREA 5 11244 1136.4 9.2 0.005  0.606
REFUGE+NPE+AB+FLOAT+AREA 7 11188 1136.8 9.6 0.004 0.663
REFUGE+AB+FLOAT+AREA 6 11237 11386 114  0.002 0.615
REFUGE+FOREST+SCSH+AREA 6 11239 11388 11.6  0.002 0.612
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Table6. Candidate models to explain variatiorusedaysby mallards during fall (1 October 15 Decemberat locationamapped The
staff of the Forbes Biological Station aim¢entoriedaerially for waterfowl durin@00Q 2006 ranked by second or d
information criterion (AIG). Also included are the number of estimable paraméetgrs 2 log likelihood scorei@ Log), model

weight (v), and coefficient of determinatioRzo.

Model K -2Log AIC. &Al.C w R?

REFUGE+AREA 4 3907 4031 0.0 0.467 0.525
REFUGE+IJI+AREA 5 387.8 4053 2.2 0.159 0.616
REFUGE+FOREST+AREA 5 388.8 4063 3.2 0.096 0.587
REFUGE+SCSH+AREA 5 389.4 4069 3.8 0.071 0.570
REFUGE+PE+AREA 5 3904 4079 438 0.043 0.537
REFUGE+NPE+AREA 5 390.7 4082 5.1 0.037 0.527
REFUGE+FLOAT+AREA 5 390.7 4082 5.1 0.037 0.528
REFUGE+AB+AREA 5 390.7 4082 5.1 0.037 0.528
REFUGE+OPENH20+AREA 5 390.7 4082 5.1 0.037 0.525
REFUGE+FOREST+SCSH+AREA 6 3872 4112 81 0.008 0.630
REFUGE+SCSH+PE+AREA 6 389.3 4133 10.2 0.003 0.572
REFUGE+AB+FLOAT+AREA 6 3906 4146 115 0.002 0.531
REFUGE+IJI+NPE+PE+AREA 7 3875 4202 17.0 0.000 0.623
REFUGE+NPE+AB+FLOAT+AREA 7 3905 4232 200 0.000 0.532
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Table7. Candidate models to explain variationusedaysby diving ducksduring fall (1 October 15 Decemberat locationanapped
by Frank C. Bellrose andventoriedfrom the ground or aerially for waterfowl duriig3911959, r anked by second or
information criterion (AIG). Also included are the number of estimable paramé9ri 2 log likelihood scorei Log), model

weight (v), and coefficient of determinatiofR).

Model K -2Llog AIC ®&AlI.C w R?

REFUGE+AREA 4 15665 1575.3 0.0 0.170  0.088
REFUGE+FOREST+AREA 5 1564.4 1575.6 0.3 0.145 0.121
REFUGE+SCSH+AREA 5 15649 1576.1 0.8 0.113 0.114
REFUGE+OPENH20+AREA 5 1565.1 1576.3 1.0 0.102 0.111
REFUGE+PE+AREA 5 1565.3 15765 1.2 0.092  0.107
REFUGE+FOREST+SCSH+AREA 6 1562.8 1576.6 1.3 0.091 0.146
REFUGE+NPE+AREA 5 1566.3 15775 2.2 0.056  0.091
REFUGE+AB+AREA 5 1566.4 1577.6 2.3 0.053  0.089
REFUGE+FLOAT+AREA 5 1566.4 1577.6 2.3 0.053  0.088
REFUGE+IJI+AREA 5 1566.4 1577.6 2.3 0.053  0.088
REFUGE+SCSH+PE+AREA 6 15644 15782 2.9 0.041 0.121
REFUGE+AB+FLOAT+AREA 6 1566.4  1580.2 4.9 0.015 0.089
REFUGE+NPE+AB+FLOAT+AREA 7 1566.0 15824 7.1 0.005 0.096
REFUGE+IJI+NPE+PE+AREA 7 15647 1581.1 5.8 0.009 0.116
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Table8. Candidate models to explain variatiorusedaysby diving ducksduring fall (1 October 15 Decemberat locationanapped
by Frank C. Bellrose andventoriedaerially for waterfowl durind950i19%59, r anked by second order Akai
(AIC.). Also included are the number of estimable parametgr$ 2 log likelihood scorei @ Log), model weight\;), and

coefficient of determinan (R?).

Model K -2Log AlC, &Al.C w R?

REFUGE+SCSH+PE+AREA 6 8753 890.2 0.0 0.318 0.436
REFUGE+PE+AREA 5  879.2 891.2 1.0 0.193 0.371
REFUGE+AREA 4 8832 892.5 2.3 0.101 0.297
REFUGE+NPE+AREA 5  881.0 893.0 2.8 0.078 0.339
REFUGE+SCSH+AREA 5 8815 893.5 3.3 0.061 0.330
REFUGE+IJI+AREA 5 8816 893.6 3.4 0.058 0.328
REFUGE+FLOAT+AREA 5 8825 894.5 4.3 0.037 0.310
REFUGE+IJI+NPE+PE+AREA 7 8765 894.5 4.3 0.037 0.416
REFUGE+AB+AREA 5 8831 895.1 4.9 0.027 0.299
REFUGE+FOREST+AREA 5 8832 895.2 5.0 0.026 0.298
REFUGE+OPENH20+AREA 5 8832 895.2 5.0 0.026 0.297
REFUGE+FOREST+SCSH+AREA 6  881.2 896.1 5.9 0.017 0.334
REFUGE+NPE+AB+FLOAT+AREA 7  879.1 897.1 6.9 0.010 0.373
REFUGE+AB+FLOAT+AREA 6 8823 897.2 7.0 0.010 0.315
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Figure 1. Fromop to bottom: 1) Photograph of Crane Lake from October 1950, showing
expansive beds of submersed and floateayed vegetation; 2) GIS map of wetland vegetation
at Crane Lake during 1955 showing aquatic bed (yellow) and flekawged (hatched blue)
vegetation, and; 3) photograph of Crane Lake taken in September 2003 showing sparse

vegetation (white spots are pelicans).




