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Response of aquatic vegetation communities and other
wetland cover types to floodplain restoration at Emiquon

Preserve

Christopher S. Hine - Heath M. Hagy - Michelle M. Horath -
Aaron P. Yetter - Randolph V. Smith - Joshua D. Stafford

Received: 9 September 2015/Revised: 2 June 2016/ Accepted: 19 June 2016/ Published online: 5 July 2016

© Springer International Publishing Switzerland 2016

Abstract More than half of the natural wetlands in
the Illinois River valley (IRV) have been lost through
conversion of floodplain wetlands and lakes to
drainage and levee districts for agricultural produc-
tion. During 2007-2013, we monitored the response of
wetland vegetation communities to restoration at
Emiquon Preserve, a former floodplain that was
drained and farmed for more than 80 years. Spatial
coverage of wetland vegetation and other cover types
rapidly expanded from 252 ha in 2007 to 1,944 ha in
2013 (mean 1,512 £ 239 ha) with little supplemental
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planting or hydrological management. Restored veg-
etation emulated aquatic plant communities that were
largely eliminated from the IRV, most importantly
floating-leaved and submersed aquatic vegetation.
Mean annual wetland cover included aquatic bed
(44%), open water (20%), persistent emergent vege-
tation (10%), hemi-marsh (10%), and nonpersistent
emergent vegetation (9%). Average moist-soil seed
and tuber density was similar to managed wetlands in
the IRV (mean 724 + 224 kg/ha). A viable option for
restoration of diverse aquatic macrophyte communi-
ties within degraded wetlands of large river systems
includes passive restoration of hydrology and vegeta-
tion behind levees while maintaining infrastructure to
facilitate drawdowns when necessary or to mimic
historical conditions.

Keywords Emiquon Preserve - Wetland
restoration - Aquatic vegetation - Floodplain - Illinois
River

Introduction

Wetlands within and nearby floodplains of large rivers
historically provided extensive and valuable habitats
to migrating waterbirds and other wetland-dependent
wildlife in the Upper Midwest (Havera, 1999).
Drainage of wetlands for agriculture was particularly
pervasive in the Midwestern states of Illinois, Indiana,
Iowa, and Ohio, where losses have exceeded 85%
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(Dahl, 1990). According to Pavelis (1987), nearly 45
million ha of rural land in the United States had been
drained by 1985. Moreover, Illinois led the nation with
nearly 4 million ha of rural land area drained, while
50% of this area was served by drainage organizations
(e.g., drainage and levee districts). Many of the natural
wetlands in the Illinois River valley (IRV) have been
lost due to large-scale anthropogenic changes, while
sedimentation, fluctuating water levels, exotic and
invasive species, and excessive nutrient loads have
diminished the quality of current wetland conditions
(Havera, 1999). For instance, drainage and levee
districts were formed throughout the IRV during the
early 1900s separating the river from floodplains
and adjacent wetlands. Floodplain wetlands and
backwater lakes were separated from the river by
levees and drained by pumps through a network of
ditches to convert the fertile floodplain soil to
agriculture. By the early 1920s, approximately half
of the Illinois River floodplain between La Salle and
Grafton, IL was within drainage and levee districts
(Mills et al., 1966; Bellrose et al., 1979, 1983;
Havera et al., 1995).

The remaining lakes and wetlands of the IRV have
received decades of excessive sediment deposition
from agricultural runoff (Bellrose et al., 1983), and
they are subjected to raised and extremely variable
hydrology preventing growth of aquatic macrophytes
(Sparks et al., 1998). Furthermore, the Illinois River
contains persistent, invasive species which can
degrade restored wetlands (Raibley et al., 1995; Bajer
et al., 2009; Irons et al., 2009). Wetlands and lakes
with open hydrologic connections to the Illinois River
typically have low water transparency during the
growing season and are devoid of aquatic macrophytes
Mills et al.,, 1966; Sparks et al., 1998; Yin &
Langrehr, 2005; Moore et al., 2010). Aquatic macro-
phytes stabilize sediments and increase water clarity
(Madsen et al., 2001), provide food and cover for fish
and wildlife (Johnson & Jennings, 1998; Stafford et al.
2010), and provide nutrient cycling (Mitsch et al.,
2012). While river-floodplain connectivity in the IRV
may benefit nutrient cycling, flood storage, and
provide access to spawning and overwinter habitat
for some riverine fishes (Sparks, 1995), the long-term
consequences of accretion from sedimentation and the
loss of aquatic macrophytes illustrate the tradeoffs of
river-floodplain connectivity in a highly modified
river system (Jackson & Pringle, 2010).
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Numerous projects have aimed to restore or
enhance floodplain wetland quality throughout the
IRV, but success has been variable and occasionally
hampered by frequent flooding from the Illinois River
(Lemke et al., 2016a). Bellrose et al. (1983) and
Sparks et al. (1998) noted that conservation organiza-
tions could acquire existing drainage and levee
districts, and conduct studies to advance our under-
standing of the structure and function of floodplain
ecosystems. Restoring wetlands within drainage and
levee districts has several advantages: (1) drained
floodplains were once wetlands and hydric conditions
will likely return quickly following return of hydrol-
ogy; (2) existing agricultural drainage infrastructure
will allow isolation from major floods and a buffer
against sediment inputs; and (3) experiments can be
conducted to better describe the effects of river-
floodplain connectivity on aquatic vegetation commu-
nities. Following this impetus, The Nature Conser-
vancy (TNC) acquired the Thompson Lake Drainage
and Levee District along with some adjacent proper-
ties in 2000 and established the Emiquon Preserve
(hereafter Emiquon) to restore an important floodplain
along the Illinois River and advance restoration
ecology (Walk et al., 2016). Wetland restoration
began at Emiquon in 2007 when TNC turned off
drainage pumps and allowed groundwater and precip-
itation to naturally fill the historical lake beds and
adjacent wetlands, which remained separated from the
Illinois River by the original drainage district levees.
A unique feature of the restoration of Emiquon
Preserve was maintenance of isolation from the
Mlinois River, and its position within a historical
floodplain where several backwater lakes had been an
important habitat for fish and wildlife prior to drainage
in the 1920s (Mills et al., 1966).

Key ecological attributes (KEAs) were established
by TNC to evaluate restoration success with a variety
of floral and faunal metrics that could indicate when
management actions were needed to produce target
ecological conditions (Parrish et al., 2003). Among
these, KEAs were elements of vegetation structure
indicative of habitat conditions for wildlife and
wetland quality (Lemke et al., 2016b). We monitored
the response of wetland vegetation communities and
other cover types to restoration at Emiquon during
2007-2013 to evaluate a set of KEAs relative to
desired ecological conditions established by TNC and
those important to wetland conservation planners
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(Soulliere et al., 2007; Lemke et al., 2016b). Our
objectives were to (1) document the composition and
arrangement of wetland vegetation communities and
other cover types through geospatial covermapping,
(2) estimate moist-soil plant seed and tuber density to
index potential forage habitat quality for waterfowl,
and (3) describe changes in cover types and moist-soil
forage quality following restoration. We hypothesized
that wetland vegetation communities would emulate
characteristics of historical wetlands and floodplain
lakes in the IRV due to isolation from the Illinois
River. Furthermore, we hypothesized that former
agricultural fields would be colonized by moist-soil
vegetation early in the restoration and seed, and tuber
densities would be similar to those of other contem-
porary moist-soil wetlands in the IRV.

Methods
Study area

We monitored restoration of Emiquon Preserve, a
2,400-ha former floodplain of the Illinois River which
contained the historical Thompson, Flag, and Siebs
lake basins and was farmed for more than 80 years
prior to restoration (Havera et al., 2003). Thompson
Lake was the largest floodplain lake in the IRV and
was the most productive backwater with respect to fish
and wildlife populations prior to drainage in the early
1920s (Havera et al., 2003). Emiquon Preserve is
located between Illinois River miles 121-126 in
Fulton County, Illinois, USA (Fig. 1) and was desig-
nated a Ramsar Wetland of International Importance
in 2012. Maximum water depth within Emiquon
Preserve during our study was <6 m.

Wetland mapping

We delineated all wetland vegetation communities,
mudflats, and areas containing surface water at
Emiquon each autumn (late August to early Novem-
ber) during 2007-2013 to document annual changes in
wetland area, vegetation communities, and cover type
area. We traversed east-west transects spaced at
500-m intervals during early autumn each year and
delineated changes in vegetation communities and
other cover types (e.g., open water, mudflats), and
recorded plant species encountered using a handheld
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Fig. 1 Location of the Emiquon Preserve (river miles 121-126)
within La Grange Pool of the Illinois River, Fulton County,
Illinois, USA

global positioning system (GPS) combined with paper
maps and data forms or field computer with Arc Pad
software (Bowyer et al., 2005; Stafford et al., 2010).
We used transects only as a guide for field personnel,
as cover types between transect lines were also
delineated. We digitized cover types using photoint-
erpretation in ArcGIS 9.3, 10.0, and 10.1 using color
aerial photos obtained from the U.S. Department of
Agriculture’s Geospatial Data Gateway in 2007, high-
resolution color aerial photographs from Sanborn Map
Company (Chesterfield, MO) during 2008-2011, and
color infrared aerial photographs from the U.S. Fish
and Wildlife Service (Region 3 Office, Twin Cities,
MN) and the U.S. Geological Survey (Upper Midwest
Environmental Sciences Center, La Crosse, WI) in
2012 and 2013, respectively (Bowyer et al., 2005;
Stafford et al., 2010). Aerial imagery was <l m
resolution.

Our nomenclature and classification rules generally
followed Cowardin et al. (1979) and Suloway &
Hubbell (1994). Woody vegetation was classified as
bottomland forest if >6 m in height or scrub shrub if
1-6 m (Cowardin et al., 1979). Other wetland classi-
fications included nonpersistent emergent vegetation
[i.e., moist-soil plants (annual and perennial hydro-
phytic plants that colonize mudflats and produce seeds
and tubers important to wetland wildlife as forage and
cover; Fredrickson & Taylor, 1982)], persistent
emergent vegetation (e.g., cattails [Typha L. spp.]),
mudflats, floating-leaved aquatic vegetation (e.g.,
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American lotus [Nelumbo lutea Willd.]), aquatic bed
(i.e., submersed aquatic plants; e.g., coontail [Cerato-
phyllum demersum L.]), hemi-marsh (i.e., open water
or aquatic bed interspersed with persistent emergent
vegetation in a ratio ranging from 30 to 70% by ocular
estimate; Weller & Spatcher, 1965), and open water
(i.e., flooded habitat with no visible submersed or
emergent vegetation). We also included a category to
account for areas of herbaceous upland vegetation
(e.g., goldenrod [Solidago L. spp.]) growing within the
wetland basin that had been inundated.

We used a multivariate analysis of variance
(MANOVA) to evaluate changes in vegetation com-
munities and other cover types at Emiquon during our
study period. Due to limited sample size, we selected
the five most dominant cover types for analysis. We
used the percent of wetland area comprising aquatic
bed vegetation, open water, nonpersistent emergent
vegetation, persistent emergent vegetation, and hemi-
marsh vegetation as dependent variables and year as
the independent variable (Crook et al., 2009). Simi-
larly, we used simple linear regression to describe
changes in frequency of occurrence of undesirable,
invasive species in covermap polygons. We desig-
nated year as an independent variable and frequency of
occurrence (i.e., percent of polygons where each taxa
was encountered during covermapping) as the depen-
dent variable. We did not include total wetland area
because it was correlated with year (r = 0.78). We
designated oo = 0.10 since our sample size was small
and our study was observational in nature and used
plots of residuals to ensure a normalized distribution.
We conducted all analyses in SAS v9.3 (SAS Institute,
Inc., Cary, NC) and reported values as means + stan-
dard error (SE).

We consolidated vegetation communities into eight
categories: bottomland forest, nonpersistent emergent,
open water, aquatic bed, floating-leaved aquatic,
mudflat, persistent emergent (persistent
gent + hemi-marsh vegetation), and scrub shrub
(Stafford et al., 2010; Table 3) to compare wetland
characteristics at Emiquon to those of historical
(1938-1942; Bellrose, 1941; Bellrose et al., 1979)
and contemporary (2005-2006; Stafford et al., 2010)
wetlands in the La Grange and Peoria reaches in the
IRV. We used cover data from other contemporary
wetlands in the IRV reported by Stafford et al. (2010)
as our control, as wetland conditions during their study
were similar to wetland conditions in the IRV during
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our study period. We omitted the area of upland
vegetation that was flooded and ditched from this
analysis, since areas comprised a small proportion of
Emiquon Preserve during the majority of our study
period and historical data were unavailable for these
cover types. Finally, we computed an interspersion—
juxtaposition index (IJI) after Stafford et al. (2010) as
a measure of heterogeneity of wetland vegetative
structure at Emiquon during 2007-2013 (Weller &
Spatcher, 1965; McGarigal & Marks, 1995). We
converted the wetland cover maps from polygons to
rasters (10 m cells) in ERDAS IMAGINE 2015, and
output IJT values using FRAGSTATS 4.2 (McGarigal
et al., 2012). The IJI measures the extent to which
wetland vegetation communities are interspersed,
expressed as a percentage of the total number of cover
types. Thus, higher IJI values correspond to increased
interspersion of cover types (McGarigal & Marks,
1995).

Moist-soil seed density

During early autumn 2007-2013, we estimated above-
and below-ground biomass of moist-soil plant seeds
by extracting a soil core (10-cm diameter x 5-cm
depth) in nonpersistent emergent vegetation. We
collected soil cores from 16 to 20 random points each
year near the terminus of vegetation transects along
the western shore of Emiquon where moist-soil
vegetation occurred consistently during our study
period (Stafford et al., 2006, 2011). We froze soil
cores in individually labeled bags until processing in a
laboratory. We thawed core samples at room temper-
ature and soaked them in a 3% solution of hydrogen
peroxide (H,0,) to dissolve clays (Bohm, 1979; Kross
et al., 2008), washed samples with water through a
250-um sieve, and dried for 24 h at approximately
87°C (Greer et al., 2007; Stafford et al., 2011). We
threshed dried materials over a series of 4-5 sieves
(mesh sizes 1,400, 1,000, 500, 355, and 250 pm; Greer
etal., 2007) and separated all seeds and tubers retained
by the three largest sieves from debris by hand, while
seeds retained by the two smallest sieves (e.g.,
nutgrasses [Cyperus L. spp.]) were subsampled
(2.5-50% by mass) to increase processing efficiency
(Stafford et al.,, 2011). All seeds and tubers were
weighed to the nearest 0.1 mg. We adjusted estimates
for seed recovery bias using size-specific correction
factors and combined small and large seed masses to
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estimate total seed biomass (kg/ha, dry mass; Hagy
et al., 2011). We used a one-way analysis of variance
(Proc GLM in SAS v9.3) to test for an effect of year on
total moist-soil seed density. We designated o = 0.10
since our sample size was small and our study was
observational in nature and used plots of residuals to
ensure a normalized distribution.

We used our overall estimates of seed density to
estimate energetic carrying capacity for waterfowl,
expressed as energetic use days (EUD). A EUD is
defined as the number of days that a given area could
support the energetic requirements of a duck in our
study area (Reinecke et al., 1989; Stafford et al.,
2011). EUDs are used as an indicator of wetland
quality and are an important metric for use in
conservation planning models (Soulliere et al., 2007;
Gray et al., 2013). We used an average true metab-
olizable energy of 2.5 kcal/g for moist-soil plant seeds
(Kaminski et al., 2003) and an average daily energy
expenditure representative of dabbling ducks migrat-
ing through the IRV (337 kcal/day; Stafford et al.,
2011) for EUD calculations (Gray et al., 2013). We
presented seed abundance and EUD values as
means + SE.

Results
Wetland mapping

We identified more than 120 plant taxa and mapped 8
vegetation communities and other wetland cover types

Fig. 2 The change in
wetland vegetation
communities and other
cover types at the Emiquon
Preserve from fall 2007
(252 ha) to fall 2013
(1,944 ha). White space
within the Emiquon
boundary indicates
nonwetland vegetation

at Emiquon (Fig. 2). Spatial coverage of wetland or
inundated vegetation ranged from 252 ha in 2007 to
1,944 ha in 2013 (mean 1,512 + 239 ha; Table 1).
The five dominant vegetation communities and cover
types differed by year (F = 267.13, P = 0.046), with
the proportion of aquatic bed (r = 2.14, P = 0.085)
increasing and the proportions of hemi-marsh
(t = —2.29, P = 0.070) and open water (t = —2.07,
P = 0.093) decreasing during 2007-2013.

Aquatic bed was the dominant wetland community
at Emiquon, comprising an average of 44% (mean
784 + 177 ha) of the wetland area since 2007 and
56% since 2009 (Table 1; Fig. 3). We found negative
correlations between the proportion of aquatic bed and
proportions of open water (r = —0.90, P = 0.01),
nonpersistent emergent vegetation (r = —0.89,
P =0.01), and persistent emergent vegetation
(r = —0.75, P = 0.08). Open water was the next
largest cover type (mean 252 + 27 ha, 20%; Tables 1,
3) at Emiquon, and proportionally remained relatively
stable during 2009-2013 (12-18%; Fig. 3). The
proportion of open water was positively correlated
(r = 0.84, P = 0.03) with persistent emergent vege-
tation. The area of hemi-marsh (mean 141 4 33 ha,
10%) increased more than eightfold from 2007-2009,
but declined 53% during 2009-2013 (Table 1). Dur-
ing 2010-2013, hemi-marsh remained relatively con-
stant in proportional area (4-7%). We detected a
negative relationship (r = —0.78, P = 0.06) between
proportions of hemi-marsh and persistent emergent
vegetation. The area of persistent emergent vegetation
steadily increased at Emiquon during our period of
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Table 1 Area (ha) of vegetation communities and other cover types at Emiquon Preserve during fall, 2007-2013

Vegetation/cover type 2007 2008 2009 2010 2011 2012 2013 Mean SE
Aquatic bed 3.1 240.8 1,191.6 1,037.3 1,076.1 848.5 1,091.9 784.2 177.2
Bottomland forest 0.0 0.2 0.8 1.0 1.0 0.2 0.0 0.5 0.2
Ditch 18.7 15.4 12.2 14.0 11.6 13.6 11.5 13.8 1.0
Hemi-marsh 29.9 220.5 290.4 119.8 109.3 80.7 135.4 140.9 33.1
Mudflat 34 0.0 0.0 83.2 11.8 93.4 0.0 274 15.8
Nonpersistent emergent 50.7 127.3 23.6 217.7 61.5 174.4 101.3 108.1 26.5
Open water 106.4 275.1 2222 248.7 323.5 292.4 298.2 252.4 274
Persistent emergent 329 333 44.2 199.0 223.3 276.2 294.3 157.6 44.3
Scrub shrub 7.0 2.1 1.8 0.3 2.3 2.7 10.9 39 1.4
Upland—-wet 0.0 147.9 16.1 0.0 0.0 0.0 0.1 234 20.9
Total area 252.1 1,062.5 1,802.9 1,921.0 1,820.4 1,782.1 1,943.6 1,512.1 238.8
Water elevation (m)* 129.0 130.7 131.8 131.2 131.5 131.0 131.9

* Average water elevation above mean sea level during wetland mapping periods

Fig. 3 Changes in surface- 70
water elevations (meters
above mean sea level) and

cover types at the Emiquon 60
Preserve during 2007-2013
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study, ranging from 33 ha in 2007 to 294 ha in 2013
and averaging 10% (mean 157.6 & 44.3 ha) of the
wetland area during the 7 years of study (Table I;
Fig. 3). The amount of nonpersistent emergent vege-
tation at Emiquon was variable, ranging from 24 ha in
2009 to 218 ha in 2010 (mean 108 + 26 ha; 9%;
Tables 1, 3; Fig. 3). The proportion of nonpersistent
emergent vegetation was positively correlated with
persistent emergent (r = 0.82, P = 0.04). Lastly,
annual IJI values at Emiquon ranged from 59.5 to
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66.3% and averaged 61.5 + 1.2% (SE) during
2007-2013.

Emiquon comprised less bottomland forest
(mean < 0.1%) and open water (mean 20.2 £+ 4.0%)
than historical (bottomland forest mean 8.8 & 1.3%;
open water mean 38.7 &£ 3.9%) and other contempo-
rary wetlands (bottomland forest mean 15.3 + 2.2%j;
open water mean 37.6 &= 6.6%) in the IRV (Table 3).
The proportions of nonpersistent emergent (mean
8.9 £ 2.4%) and scrub-shrub (mean 0.6 & 0.4%)
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vegetation communities at Emiquon were similar to
historical (nonpersistent emergent mean 12.4 =+
2.8%; scrub-shrub mean 1.3 + 0.5%) wetlands, but
less than those in contemporary (nonpersistent emer-
gent mean 32.5 £ 4.8%; scrub-shrub mean 5.2 +
0.8%) wetlands. Conversely, the proportions of
aquatic bed (mean 43.6 &+ 8.8%) and persistent
emergent (mean 20.5 £ 1.2%) vegetation communi-
ties at Emiquon exceeded those in both historical
(aquatic bed mean 11.2 + 2.6%; persistent emergent
mean 12.3 + 2.0%) and contemporary (aquatic bed
mean <0.1 £ 4.4%; persistent emergent mean
3.9 + 3.4%) wetlands in the IRV. Finally, the pro-
portions of floating-leaved aquatic vegetation (mean
0.2 £ 0.1%) and mudflats (mean 1.6 &= 0.8%) at
Emiquon were similar to contemporary (floating-
leaved mean <0.1 & 3.7%; mudflats mean 1.7 &
0.3%) wetlands. Historical wetlands contained more
floating-leaved aquatic vegetation (mean 14.9 +
2.2%) but fewer mudflats (mean 0.4 + 0.2%) than
Emiquon and contemporary wetlands (Table 3).

We detected a positive relationship between year
since restoration and frequency of occurrence of
several invasive species, including common reed
(Phragmites Adans. spp. [t = 5.96, P = 0.002]),
reed canary grass (Phalaris arundinacea L.
[t =244, P =0.059]), Eurasian watermilfoil
(Myriophyllum spicatum L. [t = 4.23, P = 0.008]),
and total invasive species (t = 4.69, P = 0.005).
The frequency of occurrence of total invasive
species ranged from 2 to 46% during our period
of study. Detections of curly pondweed (Potamoge-
ton crispus L.), purple loosestrife (Lythrum sali-
caria L.), and other undesirable, invasive species
were too infrequent to analyze, but there were no
apparent trends over time.

Moist-soil plant seed density

We collected 136 soil core samples on the west shore
of Emiquon during autumns 2007-2013. Moist-soil
plant seed density ranged from 256 kg/ha in 2009 to
1,246 kg/ha  in 2011 (mean 724 + 224 kg/ha;
Table 2). Similar to seed density estimates, EUDs
also were variable, ranging from 1,899 EUDs/ha in
2009 to 9,244 EUDs/ha in 2011 (mean 5,373 £ 634
EUDs/ha; Table 2).

Discussion
Aquatic cover types

The wetland area mapped at Emiquon increased more
than 600% from 2007 to 2009, as the site developed
into a mix of open water and diverse vegetation types
(Table 1). Correspondingly, the average water eleva-
tion during our wetland mapping periods increased by
2.8 m. Subsequently, mean water elevations exhibited
only a modest increase (0.1 m) from 2009 to 2013, but
represented an 8% increase in wetland area (Table 1;
Fig. 3). Rapid growth of the wetland area was likely
enhanced by abundant precipitation during 2008-2009
(Changnon & Black, 2009; Changnon et al., 2010).
During the initial year of restoration (2007), the
wetland area was limited to the historic Thompson
Lake basin, creating an open water environment with
moist-soil plants (i.e., nonpersistent emergent) and
cattails (i.e., persistent emergent) developing around
the wet perimeter. By autumn 2008, water levels rose
in Thompson Lake promoting the growth of sub-
mersed aquatic vegetation and inundating stands of
cattails, which expanded the hemi-marsh community.
Despite a lack of planting or water input from external
sources which might have carried propagules, the
aquatic bed community grew substantially from just
1% of the total wetland area in 2007 to 66% in 2009
(Fig. 3). Viable seeds of aquatic macrophytes can
persist in the seed bank for decades, ensuring regen-
eration of aquatic communities following extended
dry periods (Wienhold & van der Valk, 1989;

Table 2 Moist-soil plant seed density (kg/ha, dry mass) and
energetic use days (EUD) per hectare at The Emiquon Pre-
serve, 2007-2013

Year n Density EUDs

Mean SE CV (%) Mean SE
2007 20 1,131.7 129.1 114 8,395.4 957.7
2008 20 5474 1239 226 4,061.2 919.3
2009 20 256.0 685 268 1,898.9 508.3

2010 20 7326 1674 228
2011 20 1,246.1 2108 16.9

54349 1,241.8
9,2442 1,563.8

2012 20 591.2 1064 18.0 4,385.8 789.3
2013 16 564.5 823 14.6 4,187.5 610.6
Overall 136 7242 855 11.8 5,372.6 634.2
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McFarland & Rogers, 1998; Brock et al., 2003).
Furthermore, Casanova (2012) demonstrated that seed
banks of some aquatic plants in farmed wetlands
exhibited resiliency to such extreme disturbances such
as drought and tillage. As submersed aquatic and
persistent emergent vegetation have substantially
declined in the IRV since the mid-1900s (Stafford
et al., 2010), it is noteworthy that these vegetation
communities developed at Emiquon without supple-
mental seeding or planting by managers.

In just three years, the Emiquon Preserve plant
communities naturally transitioned from shallowly
flooded herbaceous plants and crop stubble to a
diverse mix of facultative and obligate wetland plants
that are uncommon in the IRV. Tradeoffs were
apparent as hydrologic conditions produced environ-
ments more favorable to obligate wetland plants. For
instance, the decline in suitable conditions for moist-
soil plant development due to increasing area of
shallow (<2 m) water during the growing season
promoted rapid expansion of aquatic bed plant com-
munities. Furthermore, as the area of aquatic bed
expanded, the proportion of open water declined
(Fig. 3). Following partial drawdowns in 2010 and
2012, due to pumping and a drought, respectively,
mudflats expanded which provided habitat for migra-
tory shorebirds (Smith et al., 2012; Fig. 3). Following
these partial drawdowns, persistent emergent vegeta-
tion and nonpersistent emergent vegetation expanded.
Generally, wet years favored the expansion of aquatic
bed and hemi-marsh vegetation communities, whereas
drier conditions encouraged the growth of nonpersis-
tent emergent and persistent emergent vegetation
communities. Clearly, hydrology was an important
factor influencing vegetation community structure and
cover type development, and increased water man-
agement capabilities in the future would enable
management to target certain cover types or facilitate
certain functions (Low & Bellrose, 1944; Fredrickson
& Taylor, 1982; Bellrose et al., 1983).

Changes in vegetation structure observed at Emi-
quon were similar to those reported in previous
research (Weller & Spatcher, 1965; Weller &
Fredrickson, 1973; van der Valk & Davis, 1978).
Van der Valk & Davis (1978) described four phases in
the vegetation cycle of a prairie marsh: (1) dry marsh,
(2) regenerating marsh, (3) degenerating marsh, and
(4) lake marsh. During the dry marsh phase, mudflats
are exposed allowing persistent emergent and
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nonpersistent emergent vegetation to germinate. In
the regenerating phase, water returns to the marsh and
terminates the germination of moist-soil plants and
persistent emergent vegetation, while providing con-
ditions favorable for submersed and floating-leaved
aquatic vegetation. During the degenerating marsh
phase, an abundance of submersed aquatic vegetation
contributes to the seed bank as emergent vegetation
declines due to a number of causes such as, disease,
insects, high water, muskrat (Ondatra zibethicus L.)
herbivory, and senescence. Finally, the lake marsh
phase is defined by a dominance of submersed and
floating-leaved aquatic vegetation, increasing muskrat
populations, and persistent emergent vegetation con-
fined to a narrow band around the perimeter. Eventu-
ally, submersed aquatic vegetation may decline due to
increased turbidity from wave action, exacerbated by
the loss of persistent emergent vegetation. Marshes
remain in this climax state until the next drought or
active drawdown to reset the cycle. During our study
at Emiquon, we have witnessed parts of each phase of
the vegetation cycle described by van der Valk &
Davis (1978). At the start of restoration, persistent
emergent and moist-soil vegetation flourished, but as
water levels increased and were sustained during the
growing seasons, hemi-marsh and aquatic bed vege-
tation communities expanded. In recent years of our
study, we observed a dominance of submersed and
floating-leaved aquatic vegetation, a decline in the
hemi-marsh community, and an anecdotal increase in
the number of muskrat lodges; thus, a substantial
multiyear drawdown may be warranted in the near
future as Emiquon continues to transition to the lake
marsh phase.

Generally, obligate aquatic vegetation communi-
ties, such as aquatic bed and persistent emergent, were
greater at Emiquon than during historical or contem-
porary periods in wetlands and lakes in the IRV.
Although floating-leaved vegetation appeared less at
Emiquon than historical periods, longleaf pondweed
(Potamogeton nodosus Poir.) occurred extensively
within the aquatic bed plant community concomitantly
with submersed aquatic plants. Consequently, our
estimate of floating-leaved vegetation is conservative
because it was not practical to separately map longleaf
pondweed. Contemporary wetlands in the IRV exhib-
ited greater proportions of open water, nonpersistent
emergent vegetation, and woody vegetation than those
of Emiquon. In years when prolonged flooding does
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not occur during the growing season, most wetlands
and lakes in the IRV are dewatered in mid-late summer
to produce moist-soil vegetation, since hydrology
prevents development of other plant communities
(Stafford et al., 2010). Furthermore, bottomland forest
and scrub-shrub communities have had little time to
regenerate at Emiquon, following decades of row crop
agriculture. Given the typical widespread develop-
ment of moist-soil vegetation and lack of aquatic bed
and persistent emergent vegetation communities,
Emiquon fills an important niche in the IRV for
migrating waterbirds and sportfish dependent upon
these cover types for habitat (Hagy et al., 2016;
VanMiddlesworth et al., 2016).

Stafford et al. (2010) noted a positive correlation
between 1J1 value and total use days (UD) of mallards.
Although our overall IJT value was slightly less than
estimates reported by Stafford et al. (2010), Hagy et al.
(2016) described that each incremental increase in 1JI
increased mallard use day density by approximately
16.5% (82.2 UD/ha) at Emiquon. The lower overall 1IJT
value at Emiquon may have been attributable to the
large proportion of the wetland area occupied by aquatic
bed (44%) with less interspersion of other vegetation
communities distributed throughout the basin. We
propose that 1JI values and waterbird use will decline
concomitantly as Emiquon transitions towards the lake
marsh stage described by van der Valk & Davis (1978).

Within aquatic bed, persistent emergent, and non-
persistent emergent vegetation communities, we
observed trends among several invasive species. Curly
pondweed increased annually until 2010, when we
failed to find it on Emiquon, and encounters with the
plant remained uncommon through 2013. Conversely,
our encounters with Eurasian watermilfoil, reed
canarygrass, and common reed increased throughout
our study period. Eurasian watermilfoil increased
rapidly throughout the aquatic bed and hemi-marsh
communities during 2008-2012, but exhibited a slight
decline in 2013. Similarly, Casper et al. (2016) showed
Eurasian watermilfoil to be the dominant species in the
aquatic bed community in 2012, but a decline may be
related to competition with other species, such as
coontail and longleaf pondweed. Encounters with reed
canarygrass and common reed appear to be increasing
despite some control efforts by TNC. Since a number
of invasive species are now established, monitoring
their response to a future drawdown will be important
in case they out-compete native and desirable species.

Moist-soil plant seed density

The Upper Mississippi River and Great Lakes Region
Joint Venture (UMRGLRIJV) uses a moist-soil seed
density estimate of 514 kg/ha for waterfowl conser-
vation planning in the Upper Midwest (Soulliere et al.,
2007, Stafford et al., 2011), which is similar to other
regions important to nonbreeding waterfowl, such as
the Mississippi Alluvial valley (550 kg/ha; Kross
et al.,, 2008) and the Central Valley of California
(634 kg/ha; Central Valley Joint Venture, 2006).
Moist-soil plant seed densities at Emiquon were
relatively high in 2007, the first year of restoration,
and 2011, the year following a significant drawdown,
exceeding published seed yields at Illinois Department
of Natural Resources (IDNR) wetland management
areas (mean 691 kg/ha; Stafford et al., 2011) and
nearby Chautauqua National Wildlife Refuge
(CNWR; mean 790 kg/ha; Bowyer et al., 2005;
Table 2). During the two years when water levels
increased from May to September (2008 and 2009), a
period when drawdowns to encourage moist-soil plant
growth typically occur, seed densities and EUDs were
less than all other years. Nonetheless, seed and tuber
densities from moist-soil plants surpassed the estimate
used in the UMRGLRIJV implementation plan in 6 of
7 years. Although Emiquon was not actively managed
for production of moist-soil plant seeds and tubers as
indicated by the relatively small proportion of non-
persistent emergent vegetation (mean 9%) compared
to other contemporary IRV wetlands (mean 32%:
Table 3), seed densities were comparable to those of
more intensively managed moist-soil wetlands in the
region. Emiquon exhibited the presence of a moist-soil
seed bank and potential for expansion given proper
hydrologic conditions.

Changing wetland conditions likely contributed to
fluctuations in moist-soil plant seed yields during the
period of study. The high yield observed at the start of
restoration in 2007 was likely influenced by the extent
of shallow surface and subsurface water around the
perimeter of Thompson Lake during summer encour-
aging the growth of moist-soil plants. Moreover,
recent soil tillage due to agricultural production
resulted in nonpersistent emergent vegetation being
dominated by early succession, annual species, which
typically produce more seeds and tubers than late
succession or perennial species (Naylor, 2002; Kross
et al., 2008). Moist-soil plant seed and tuber density in
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Table 3 Comparison of
wetland characteristics
(mean £ SE) at Emiquon
Preserve (2007-2013) to
historical (1938-1942) and

Habitat category

Percent of wetland area

contemporary (2005-2006)
wetlands within the Illinois
River valley

# Bellrose (1941), Bellrose
et al. (1979), Stafford et al.
(2010)

® Stafford et al. (2010)

Emiquon Historical® Contemporary”

2007-2013 SE 1938-1942 SE 2005-2006 SE
Bottomland forest <0.1 <0.1 8.8 13 15.3 22
Nonpersistent emergent 8.9 24 12.4 2.8 32.5 4.8
Open water 20.2 4.0 38.7 39 37.6 6.6
Aquatic bed 43.6 8.8 11.2 2.6 <0.1 44
Floating-leaved aquatic 0.2 0.1 14.9 22 <0.1 3.7
Mudflat 1.6 0.8 0.4 0.2 1.7 0.3
Persistent emergent® 20.5 1.2 12.3 2.0 3.9 34
Scrub shrub 0.6 04 1.3 0.5 52 0.8

¢ Includes hemi-marsh

2011 were the highest recorded to date at the preserve
(Table 2) when smartweeds (Polygonum L. spp), fall
panicum (Panicum dichotomiflorum Michx.), and
barnyardgrass (Echinochloa crus-galli [L.] P. Beauv.)
produced an abundance of seed. An active drawdown
through the use of pumps to repair infrastructure
created large expanses of mudflats conducive for
moist-soil plant development late in the growing
season in 2010 and likely contributed to the abundant
seed and tuber densities in 2011.

Drawdown timing to expose bare mudflats and
encourage growth of persistent and nonpersistent
emergent macrophytes may be extremely important
at Emiquon due to the extensive aquatic bed plant
communities, especially Eurasian watermilfoil, which
develops early in the growing season (van der Valk &
Davis, 1980; Fredrickson & Taylor, 1982; Bowyer
et al., 2005; Gray et al., 2013). Drought conditions
prevailed throughout the growing season in 2012
(IDNR, 2013), resulting in a 19% reduction in wet area
from fall 2011. However, the drawdown occurred
during mid- and late summer after submersed and
floating-leaved aquatic vegetation developed. As the
water receded in 2012, stranded aquatic vegetation
covered mudflats and possibly prevented moist-soil
plants and other macrophytes from becoming estab-
lished. Timing of drawdown is a critical component of
moist-soil plant development, especially in a wetland
complex like Emiquon where growth and expansion of
competing plant communities must be considered.

Emiquon exhibited the potential to produce abun-
dant moist-soil vegetation, but the lack of water
control (i.e., drawdown timing and extent, reflooding)
likely precluded moist-soil plants from contributing
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much to the energetic needs of waterbirds in years
when water levels were too high for seed germination
or in years when precipitation was lacking and moist-
soil vegetation was not reflooded. Water control
capabilities would allow TNC to manage Emiquon
more adaptively and would ultimately benefit each of
the major vegetation communities that make up the
wetland complex over time. As Emiquon moves
toward the lake marsh phase (van der Valk & Davis,
1978), the ability to remove water in the absence of
drought to create the dry marsh phase is critical to
resetting the cycle and maintaining productive aquatic
vegetation communities over time. The ability to
mimic wet and dry cycles through water control allows
managers to encourage growth of some vegetation
communities while setting back other, more dominant
communities, creating a more heterogeneous vegeta-
tion structure which is desirable to waterbirds (Kamin-
ski & Prince, 1981).

Conclusion

During the past several decades, wetlands in the IRV
incurred many anthropogenically induced changes
which contributed to a reduction in wetland hetero-
geneity and loss of submersed and floating-leaved
aquatic vegetation (Mills et al., 1966; Bellrose et al.,
1983; Stafford et al., 2010). Bellrose et al. (1979)
demonstrated that the greater the separation of a
backwater lake from the Illinois River the more
aquatic vegetation it produced. Jackson & Pringle
(2010) warned of the negative consequences associ-
ated with hydrologic connectivity in highly modified
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river systems such as altered hydrology, exotic
species, excessive nutrient levels, toxins, and sedi-
mentation. They further suggested that reduced rather
than enhanced hydrologic connectivity could produce
greater ecological benefits in severely altered aquatic
systems. Galat et al. (1998) proposed coupling inten-
sively managed wetlands (isolated from the river by
levees, less subject to flooding) with passively man-
aged wetlands (connected to the river or more subject
to flooding) to sustain the long-term health of the
lower Missouri River ecosystem. New research has
demonstrated the value of wetland complexes to
wildlife (Pearse et al., 2012; Beatty et al., 2014), and
our results illustrate significant tradeoffs wetland
managers must weigh when targeting wetland func-
tions (e.g., hydrologically connected wetlands for
nutrient processing and sediment trapping versus
disconnected and restored wetlands for wildlife;
Sparks, 1995).

The substantial loss of aquatic vegetation in the IRV
stresses the importance of Emiquon to wildlife depen-
dent on these habitats. For instance, Hagy et al. (2016)
and VanMiddlesworth et al. (2016) demonstrated the
exceptional response of waterbirds and fishes, respec-
tively, to aquatic vegetation communities at Emiquon
Preserve during our study period. Floodplain wetlands
isolated from the deleterious effects of the Illinois
River (i.e., sedimentation, invasive species, and altered
hydrology) have the potential to restore habitats that
were once common in the Illinois valley and benefit
many wetland wildlife species (Havera et al., 2003).
Furthermore, little active management was required to
restore mostly native aquatic plant communities at
Emiquon, which is encouraging for future wetland
restorations within large river system floodplains.
Unfacilitated revegetation of wetland and deepwater
areas of Emiquon is a testament to the resiliency of
river-floodplain ecosystems. Emiquon may serve as a
model for restoration of diverse aquatic plant commu-
nities in highly altered river systems. We suggest future
research continue to examine the changes in vegetation
communities at Emiquon as the system changes and
recommend a means of water control to allow for
adaptive management and the ability to create distur-
bances (e.g., drawdowns, flooding) to reset the marsh
cycle. Eventually, perturbations to the system, such
as multiyear drawdowns, will likely be needed to
increase productivity and restore emergent vegetation
communities.
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