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Figure 2.5. Non-metric multidimensional scaling of waterbird community structure at 30 shallow 
lakes in the Iowa PPR in the spring of 2017. Each dot represents a species (species for each 
abbreviation are listed in Appendix B). Species clustered more closely together indicate more 
closely associated species. Habitat vector lengths are proportional to the strength of the 
correlation between the variable and the axis and the direction represents the direction of most 
rapid change. Area = wetland area (ha), %Emergent = percent emergent vegetation, %Water = 
percent open water, Age = wetland age (0 to 11), and KS = index of interspersion based on 
Stewart and Kantrud (1971), with 2 being more interspersed and structurally complex to 4 being 
at least 95% open. 
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Figure 2.6. Predicted abundance of groups of waterbirds and total waterbird abundance at a 
shallow lake surveyed in the PPR of Iowa, spring 2016 and 2017. 
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Figure 2.7. Predicted number of goose/swan abundance at a shallow lake in the PPR of Iowa, 
spring 2016 and 2017, in response to (a) wetland area, (b) wetland age, and (c) semi-permanent 
wetland area within 1 km, with all other variables held constant. The shaded region is the 95% 
confidence interval. Final models were generated from linear mixed models with site as a 
random effect. 
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Figure 2.8 Predicted number of dabbling ducks at a shallow lake in the PPR of Iowa, spring 2016 
and 2017, in response to (a) water level change and (b) temporary/seasonal wetland area within 5 
km, with all other variables held constant. The shaded region is the 95% confidence interval. 
Final models were generated from linear mixed models with site as a random effect. 
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Figure 2.9. Predicted number of diving ducks at a shallow lake in the PPR of Iowa, spring 2016 
and 2017, in response to (a) percent emergent cover and (b) wetland area with all other variables 
held constant. The shaded region is the 95% confidence interval. Final models were generated 
from linear mixed models with site as a random effect. 
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Figure 2.10. Predicted number of secretive marsh birds at a shallow lake in the PPR of Iowa, 
spring 2016 and 2017, in response to (a) wetland area, (b) wetland age, and (c) wetland age, with 
all other variables held constant. The shaded region is the 95% confidence interval. Final models 
were generated from linear mixed models with site as a random effect. 
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Figure 2.11. Predicted number of waterbirds at a shallow lake in the PPR of Iowa, spring 2016 
and 2017, in response to (a) percent emergent cover, (b) wetland area, (c) water level change, 
and (d) wetland age, with all other variables held constant. The shaded region is the 95% 
confidence interval. Final models were generated from linear mixed models with site as a 
random effect. 
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Figure 2.12. Predicted number of waterbird species at a shallow lake in the PPR of Iowa, spring 
2016 and 2017, in response to (a) percent emergent cover, (b) wetland area, and (c) 
temporary/seasonal wetland area within 5 km, with all other variables held constant. The shaded 
region is the 95% confidence interval. Final models were generated from linear mixed models 
with site as a random effect. 
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Abstract 

Due to the dramatic decline in areal cover and habitat quality, wetland restoration in the 

Prairie Pothole Region (PPR) is critically important to breeding birds. The Shallow Lakes 

Restoration Program (SLRP), a partnership between the Iowa Department of Natural Resources 

and Ducks Unlimited, Inc., aims to restore degraded shallow lakes throughout the Iowa PPR. To 

examine the potential impact of the SLRP on birds, we conducted unlimited-radius point counts 

with call-broadcast surveys for breeding birds at 30 wetlands in various stages of restoration in 

2016 and 2017. We utilized distance sampling and a removal method to determine densities of 7 

marsh bird species and how they differed among non-restored sites, wetlands restored between 1 

and 5 years before the study (recently restored), and wetlands restored between 6 and 11 years 

before the study (older restorations). Densities of Virginia Rails, Marsh Wrens, Common 

Yellowthroats, Red-winged Blackbirds, and Yellow-headed Blackbirds were 34% to 1,741% 

greater in restored sites than non-restored sites. Densities were similar among restored wetlands 

regardless of the time elapsed since site restoration. Detection probability ranged between 0.49 

(95% CI = 0.35, 0.63) and 0.77 (95% CI = 0.72, 0.80) across all species. Several factors affected 

detection probabilities including observers, day of season (-), vegetation height (+), temperature 

(-,+), and wind speed (-). Restorations by the SLRP appear to be having a positive impact on our 
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study species. As these wetlands age, emergent vegetation growth and increased prey abundance 

likely provide suitable conditions for these species. 

Introduction 

 Wetland loss and modification were widespread after European settlement, resulting in 

declines in bird populations (Myers 1983, Banks and Spring 1994, Page and Gill 1994, Igl and 

Johnson 1997). In the conterminous U.S., only about 40% of the historical wetland area remains 

in the Prairie Pothole Region (PPR; Dahl 2014), and in Iowa alone only about 10% remains 

(Bishop 1981, Bishop et al. 1998, Miller et al. 2009). Many remaining wetlands are isolated 

within a cropland dominant landscape, leading to high sediment loads and chemical inputs and 

changes in nutrient inputs (Euliss and Mushet 1996, Gleason and Euliss 1998, Goldsborough and 

Crumpton 1998, Green and Galatowitsch 2001). As a result, some wetlands, particularly large, 

semi-permanent and permanent wetlands, may be experiencing less hydrological variability 

(McCauley et al. 2015), which may be further exacerbated by increased precipitation within the 

last few years (Winter and Rosenberry 1998, Mushet et al. 2015). Increased turbidity from 

sedimentation and bioturbation by invasive fishes also negatively impact seed germination and 

vegetation growth in wetlands (Jurik et al. 1994, Zimmer et al. 2001, Gleason et al. 2003). 

Naturally, prairie wetlands experience a wet-dry cycle, with vegetation eventually being 

eliminated due to prolonged inundation and muskrat (Ondatra zibethicus) activity and 

regenerating with periodically low water levels (van der Valk and Davis 1978). This 

hydrological fluctuation helps maintain plant and invertebrate diversity (Scheffer et al. 1993, 

Murkin and Ross 2000). Furthermore, when wetlands are vegetated they provide habitat and 

forage for both migrating and breeding birds (Krull 1970). When wetlands exist in a complex, 
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this hydrological fluctuation can result in adjacent basins experiencing different levels of 

biodiversity, providing various resources for diverse fauna (Zedler 2003, Tidwell et al. 2013). 

The Prairie Pothole Region (PPR) of North America is an important nesting area for 

many birds (Tiner 1984, Johnson et al. 1994, Galatowitsch and van der Valk 1998). 

Characterized by expanses of grassland interspersed with wetlands of various sizes and types, 

this region is particularly important to breeding secretive marsh birds, such as rails, bitterns, and 

grebes, and several passerines (Weller and Spatcher 1965, LaGrange and Dinsmore 1989, 

Fairbairn and Dinsmore 2001). These species utilize the emergent vegetation or moist-soil plants 

for foraging, shelter, and nesting, while others construct nests over open water and forage for 

macroinvertebrates that thrive in wetland vegetation (Weller and Spatcher 1965, Sayre and 

Rundle 1984). However, due to a dramatic decline in wetlands throughout the last century and 

continuing degradation of existing wetlands, some of these marsh birds may be limited by the 

quality and numbers of wetlands available for nesting (Eddleman et al. 1988, Conway et al. 

1994, Naugle et al. 1999). Thus, wetland restoration is a critical tool for managing habitat for 

breeding birds.  

Wetland restoration is beneficial to many wetland-dependent birds, several of which may 

be experiencing population declines in parts of their ranges (Conway et al. 1994, Tozer 2013, 

Sauer et al. 2014). Waterbirds may respond to wetlands within a year of restoration (LaGrange 

and Dinsmore 1989, VanRees-Siewert and Dinsmore 1996, Brown and Smith 1998), and as 

ecological succession proceeds after restoration more bird species may colonize and vegetation 

and other biota become established. In particular, rails, bitterns, and some songbirds respond 

positively to vegetated wetlands (Fairbairn et al. 2001, Rehm and Baldassare 2007, Harms and 

Dinsmore 2013), and several of these species colonize recently restored wetlands (VanRees-
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Siewert and Dinsmore 1996). These can range from small, temporary wetlands to larger, more 

permanently inundated wetlands and can be dominated by cattail (Typhus sp.), bulrush 

(Scheonoplectus sp.), reed canary grass (Phalaris arundinaceae), and sedges (Carex sp.). These 

plants may serve as a nesting substrate, provide seeds or invertebrates used for forage, and be 

used for protection from predators (Horak 1970, Voights 1976). The Virginia Rail (Rallus 

limicola) and Least Bittern (Ixobrychus exilis) are especially reliant on the presence of emergent 

vegetation (Lor and Malecki 2006). Other birds, such as the Marsh Wren (Cistothorus palustris), 

Swamp Sparrow (Melospiza georgiana), Red-winged Blackbird (Agelaius phoeniceus), and 

Yellow-headed Blackbird (Xanthocephalus xanthocephalus), are common breeders in the PPR 

and establish territories within areas of emergent vegetation cover (Twedt and Crawford 1995, 

Mowbray 1997, Kroodsma and Verner 2013). Several of these species have declining 

populations due to habitat loss and degradation (Eddleman et al. 1988, Conway et al. 1994, Sauer 

et al. 2017). They thrive in vegetated wetlands, but during periods of extensive open water and 

little emergent vegetation most of these species are absent from these wetlands.  

 Efforts to restore and manage wetlands range from the international scale (e.g., joint 

ventures; U.S. Prairie Pothole Joint Venture 2005) to the federal and state levels and to private 

entities (Beyersbergen et al. 2000, Cheek et al. 2014). In Iowa, through a partnership between the 

Iowa Department of Natural Resources (DNR) and Ducks Unlimited, Inc., the Shallow Lakes 

Restoration Program (SLRP) aims to restore degraded shallow wetlands throughout the Des 

Moines Lobe (DML) region, the southernmost portion of the PPR. The goal of this program is to 

improve water quality and the vegetation community to increase the establishment of diverse 

fish, bird, and invertebrate communities (Geisthardt et al. 2013). Since its implementation 38 

sites have been restored, and these wetlands have shown improvements in water quality and 
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vegetation structure (Geisthardt et al. 2013).  While several sources have identified the benefits 

of restoration to birds (VanRees-Siewert and Dinsmore 1996, Kaminski et al. 2006, Ratti et al. 

2001, Hapner et al. 2011), others have found that restored sites do not show the same level of 

biodiversity as natural or undisturbed wetlands (Delphey and Dinsmore 1993, Brown and Smith 

1998, Glisson et al. 2015). An important focus for all restoration efforts is to monitor the wildlife 

communities and identify long-term changes in species abundance, density, and composition. 

 The SLRP has not completed extensive monitoring of breeding bird communities on 

these restored shallow lakes in Iowa. Geisthardt et al. (2013) recorded birds at several restored 

and unmanipulated shallow lakes, but these were not systematic surveys and were completed in 

conjunction with habitat assessments. Our goal was to determine the density of several breeding 

bird species and examine the differences in the avian community and density among wetlands in 

different restoration states. We hypothesized that older restorations (>5 years since restoration) 

would have the greatest density of breeding birds due to the extensive establishment of emergent 

and moist-soil vegetation. Additionally, to better improve future monitoring efforts of breeding 

marsh birds in large shallow lakes, we aimed to identify variables that influence the detectability 

of these species. We expected factors such as wind speed, time of day, day of season, and 

observers to influence how well these birds are detected during surveys. 

Methods 

Study Area 

 The PPR covers about 700,000 km2 in the United States and Canada and is characterized 

by palustrine wetlands, often known as potholes, and lacustrine wetlands (Bishop 1981, Kantrud 

et al. 1989b, IAN 2001, Dahl 2014). In the United States, emergent wetlands still cover about 

20,000 km2, and in Iowa’s DML about 800 km2 is emergent wetland area (Figure 1; Dahl 2014). 
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This area represents the southernmost extent of the PPR and the Wisconsin glacial advance, 

which retreated from Iowa about 14,000 years ago (IAN 2001, Miller et al. 2009).  

In this study, the term “shallow lake” generally describes a semi-permanent or permanent 

wetland with a mean water depth <1.5 m (Cowardin et al. 1979, Geisthardt et al. 2013). The term 

“restored” refers to wetlands that were severely degraded and subsequently restored by 

manipulating the hydrology to improve water quality and vegetation. These shallow lakes were 

passively restored (i.e., no seed additions), and they were drained using an existing outlet or 

recently installed structures to begin the restoration process. Infrastructure, such as water control 

structures, channels, pipelines, or pumping systems, were installed into nearly all shallow lakes 

to manage water levels. Fish exclusion structures were also installed at wetlands to prevent the 

invasion of rough fish, such as black bullhead (Ameiurus melas) and common carp (Cyprinis 

carpio). Once the restoration process began, sites were refilled gradually over (ideally) a 2-year 

period to allow vegetation to reestablish. Likewise, the term “non-restored” refers to shallow 

lakes that are unmanipulated. Most of these shallow lakes were void of emergent vegetation and 

contained turbid water; some may be restored within the next few years. We considered the date 

of restoration to be the start of the drawdown, even if it was before completion of the water 

control structure. Thus, the age of restored shallow lakes ranged from 1 to 11 years.  

Site Selection 

To examine how the breeding bird communities differed across wetlands in different 

stages (or ages) of restoration, 19 restored sites were randomly chosen based on age and their 

large size (>20 ha) spanning the period from 1 to 11 years post-restoration. We also chose 11 

non-restored wetlands to examine pre-restoration bird use of shallow lakes. One of these shallow 

lakes was in the early stages of restoration in 2017 and, therefore, considered to be a restored site 
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in that year. Sites were located in 12 Iowa counties: Buena Vista, Calhoun, Cerro Gordo, Clay, 

Dickinson, Emmet, Hancock, Palo Alto, Pocahontas, Winnebago, Worth, and Wright. A total of 

30 shallow lakes were surveyed in the spring of 2016 and 2017.  For further analyses, we 

grouped the shallow lakes into one of three groups (hereafter referred to as restoration states): 

non-restored, younger (1-5 years since restoration), and older (6-11 years since restoration). 

Several studies have examined the changes in the vegetation community of restored sites at 

different ages (Galatowitsch and van der Valk 1996a, b, Aronson and Galatowitsch 2008), and 

others have found that restorations considered to be “older” may differ biologically from 

“younger” sites (Badiou et al. 2011, Bortolotti et al. 2016).  

Point Counts 

 We conducted unlimited-radius 10-min point counts throughout each wetland (Ralph et 

al. 1995). Points were situated randomly in wetlands, and the number of points depended on the 

size of the wetland. Two points were placed in wetlands with areas randing from 10.1 – 20 ha, 

three points in sites 20.1 – 30 ha, four points in sites 20.1 – 40 ha, and five points in sites >40 ha 

(Harms 2011). Points were situated >400 m apart to avoid double-counting individual birds 

(Conway 2011). We surveyed sets of points twice during each year to account for any seasonal 

variation in the vocalization rates of species (Gibbs and Melvin 1993, Conway et al. 2004). Point 

counts were conducted between a half-hour before sunrise and up to four hours after sunrise. We 

did not survey in rainy conditions or when winds exceeded 20 km/h (Conway 2011).  

We used methods from both removal sampling and distance sampling to monitor marsh 

birds (Buckland et al. 1993, 2001, Farnsworth et al. 2002). Both methods have been used to 

estimate the density and abundance of wildlife while accounting for imperfect detection 

(Buckland et al. 2001, Farnsworth et al. 2002). Detectability of a bird involves the product of two 
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components: (1) the probability a bird is detected given that it is present, and (2) the probability 

that a bird is available for detection (Farnsworth et al. 2002). The removal method treats the time 

intervals of the point counts as independent events and “removes” an individual from the 

population once it has been detected (Farnsworth et al. 2002, Amundson et al. 2014). The result 

from this technique is a detection probability that represents the product described above 

(Farnsworth et al. 2005). However, it is important to consider the effective area surveyed for 

each species to obtain an estimate of density (Farnsworth et al. 2005, Yip et al. 2017).  Distance 

sampling methods can be used to identify the effective detection radius (EDR) for a species. The 

EDR is the distance beyond which as many birds are detected that are not detected within that 

distance (Buckland et al. 2001). Distance sampling is a conventional method that utilizes 

distance from the observer to the bird to measure density (Reynolds et al. 1980, Buckland et al. 

1993, 2001).  Both methods share some of the same assumptions, but the removal method 

relaxes some of the assumptions required for distance sampling (Farnsworth et al. 2002). The 

assumptions of the removal method include the following: (1) the population is closed during the 

survey, and (2) individuals are not counted twice during the survey (Farnsworth et al. 2002). For 

distance sampling, assumptions also include (1) birds directly on the point are always detected, 

(2) there is no movement of individuals prior to detection, and (3) distances are measured 

accurately (Buckland et al. 1993). For every individual encountered during the survey period, we 

identified the species, recorded if it was detected visually, aurally, or both, and measured the 

distance (m) from the observer to the bird using a laser range-finder (Nikon 8397 Aculon AL11 

Laser Rangefinder, Nikon, Melville, New York). We separated the survey period into five, two-

minute periods (Farnsworth et al. 2002).  
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To improve the detection of secretive marsh birds (e.g., rails, bitterns), we incorporated 

call-broadcasts into the survey period according to methods described by the North American 

Marsh Bird Monitoring Protocol (Conway 2009, 2011). These species are secretive and often 

difficult to detect using traditional survey techniques (Gibbs and Melvin 1993). The first 5 min 

of each survey was a passive period (i.e., no recordings) followed by 5 min of recorded calls. 

Each minute corresponded to a species; the first 30 sec included a recording of the particular 

species, followed by 30 sec of silence. The sequence of calls we used, from first to last, was 

Least Bittern, Sora (Porzana carolina), Virginia Rail, King Rail (Rallus elegans), and Pied-billed 

Grebe (Podilymbus podiceps; Conway 2011). Except for the King Rail, these are regular 

breeders in Iowa. In previous call-broadcast surveys conducted in Iowa (Harms 2011), the King 

Rail did not have many detections, but Sora and Virginia Rail tend to respond to King Rail calls 

as readily as they will respond to intraspecific calls (T. Harms, pers. comm.). We used an MP3 

player (SanDisk Sansa Clip 1GB, SanDisk Corporation, Milpitas, California) attached to portable 

speakers (JBL Flip 3, Harman International Industries, Inc., Stamford, Connecticut) and 

broadcast at 90 dB from a distance of 1 m in front of the speakers (Conway 2011). The speaker 

faced the interior of the wetland and was 0.5 m from the ground or water surface (Harms 2011).  

Covariate Effects on Detection Probability 

 Understanding the factors that influence detection probability can help determine more 

reliable estimates and improve survey methods (Ralph et al. 1981, Skirvin 1981, MacKenzie et 

al. 2002, Conway and Gibbs 2011, Robertson and Olsen 2014). Detection probability may vary 

throughout the season (Gibbs and Melvin 1993, Tozer et al. 2006, Harms and Dinsmore 2014), 

which could be related to pair formation or nesting stage (Glahn 1974, Rehm and Baldassarre 

2007, Robertson and Olsen 2014). Observers can also impact detection probability, as some 
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observers may be more experienced than others (Sauer et al. 1994). Additionally, environmental 

conditions, such as temperature (Robbins 1981), wind speed (Harms and Dinsmore 2012, 2015), 

and cloud cover (Robbins 1981, Harms and Dinsmore 2012), may influence detection 

probability. Some species are also more vocal at certain times of the day, such as morning or 

evening (Johnson and Dinsmore 1986b, Conway et al. 2004, Harms and Dinsmore 2011). Thus, 

at each point we recorded the following covariates: day of season, time of day, temperature (°C), 

wind speed (km/h), and cloud cover. We estimated cloud cover using four categories: (0) few or 

no clouds, (1) partly cloudy, (2) overcast, and (3) fog. We only surveyed in foggy conditions 

when visibility exceeded 0.25 miles.    

 We also hypothesized that detection of some species would be influenced by habitat 

variables. Emergent vegetation can create a visual obstruction during surveys due to the height 

and density of the vegetation. In particular, cattail can grow up to 3 m tall (Chadde 2012) and 

thick stands of cattail make it difficult to see at greater distances. So, after each survey we 

estimated the maximum height of vegetation at the survey point using the following index: (1) 

0.0 – 0.5 m, (2) 0.5 – 1.0 m, and (3) >1.0 m. Similarly, we determined the relative density of 

vegetation within 50 m of the survey point using another index: (1) water easily visible through 

the base of stems, (2) in between the two extremes, and (3) water not visible through the base of 

stems. Finally, we visually estimated the percent of the area within 50 m of the survey point that 

was covered with cattail (Conway 2009, 2011).  

Models for Detection Probability 

 To determine species-specific detection probabilities, we used a Huggins closed capture 

model (Huggins 1989, 1991) in program MARK (White and Burnham 1999) and fixed the 

recapture probability to zero. For most species, there were five occasions, with each 2-min 
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period during the survey considered an occasion. However, for some secretive marsh birds, we 

only included the time period from which their respective calls began in the capture history. 

Virginia Rails, for example, mostly called during and after their minute of calls commenced, so 

the encounter history for this species consisted of three time periods (one for each of the last 3 

min). To determine influential covariates, we first considered main effects models with either 

year, visit, or observer and all possible combinations of these group covariates. There were three 

observers throughout the 2-year period. One observer (Observer 1) surveyed wetlands during 

both years, while the other two observers surveyed in either 2016 (Observer 2) or 2017 

(Observer 3). We used Akaike’s Information Criterion (AICc, Akaike 1973) to select the most 

competitive main effects model. Next, we combined the above covariates from the best model 

with all other covariates to make a global model. We used a backward selection approach and 

excluded covariates with the lowest minimum β/SE value (Pagano and Arnold 2010, Gillespie 

2013). We continued to exclude covariates until the exclusion of a covariate resulted in an 

increased AICc. 

Density Estimates 

 We assessed differences in density estimates of breeding birds among restoration states 

by computing state-specific densities. While we used covariates such as year, visit, and observer 

in the above models, we were interested in determining a single detection probability for each 

species that represented the probability for the average observer or visit to a wetland.  Thus, 

excluding the group covariates year, visit, and observer, we obtained species-specific detection 

probabilities using the remaining covariates from the above models. We adjusted the raw counts 

(x.) using the detection probability (p) to get estimates of abundance (N), density (D), and 

variance (var). Raw counts were the mean number of observations between the two visits and 
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were specific to each restoration state and year. To get an estimate of density, we determined the 

area (A) surveyed by utilizing Program DISTANCE (v. 7.1, Thomas et al. 2010). We assessed a 

no-effects model for each species and examined models with four different key functions: (1) 

uniform key function with a cosine expansion, (2) uniform key function with a simple 

polynomial expansion, (3) half-normal key function with a Hermite polynomial expansion, and 

(4) hazard rate key function with a cosine expansion (Buckland et al. 1993, 2001). For all birds 

except the Virginia Rail we used the raw distances to estimate EDR, but we truncated the largest 

10% of distances for each species. This is recommended by Buckland et al. (1993, 2001) because 

very large distances do not contribute much information to the estimates of density or detection. 

Furthermore, to meet the assumption of no movement prior to detection, we binned the distances 

for Virginia Rail. These birds are known to move towards the speaker during broadcasts before 

being detected, which could bias estimates of density because the EDR could be biased low 

(Tozer et al. 2016). Thus, we binned the raw distances of Virginia Rails into bins of 0 – 40 m, 40 

– 125 m, and 125 – 300 m based on the findings of Harms and Dinsmore (2012). We did not bin 

distances for Least Bittern because there is evidence that they seldom move in response to 

broadcast calls (Swift et al. 1988, Conway and Gibbs 2001). We used the EDR from the most 

competitive model based on AIC to determine the area surveyed for each species. Raw counts of 

the species only included individuals detected within this radius. Abundance, density, and the 

variance of density were estimated for each resoration state using the following equation based 

on recommendations from Farnsworth et al. (2002):  

� =
�.

�
 

� =
�

�
 



 79

	
��� =
��. �	
���

����
+ 

�. �1 − �

����
 

Restoration states were considered to have different densities if the 95% confidence intervals did 

not overlap.  

Results 

We conducted surveys at 131 points on 30 wetlands during the course of two breeding 

seasons. Survey effort was similar at non-restored sites (n = 188), younger restorations (n = 178), 

and older restorations (n = 158).  Surveys occurred from 2 June to 15 July in 2016 and from 1 

June to 20 July in 2017.  

Seven species had an adequate number of detections for assessing covariate effects on 

detection probability. Several variables influenced the detection of breeding secretive marsh 

birds (Table 3.1) and passerines (Table 3.2). In particular, observer influenced the detection of 

Virginia Rail, Red-winged Blackbird, and Yellow-headed Blackbird. There was a negative 

relationship between distance and detection for all passerine species, but the slope estimates were 

always close to zero. Time of day influenced Swamp Sparrow and Virginia Rail detection 

probability, whereas day of season influenced detection of Yellow-headed Blackbirds. Habitat 

variables such as vegetation height, vegetation density, and percent cattail also influenced the 

detection probability of four species.  

For the Least Bittern, Marsh Wren, Common Yellowthroat (Geothylpis trichas), Red-

winged Blackbird, and Yellow-headed Blackbird the hazard-rate key function with a cosine 

expansion was used to determine the EDR. The key functions used for Virginia Rail and Swamp 

Sparrow were the half-normal key function with a Hermite polynomial expansion and the 

uniform key function with a cosine expansion, respectively. The EDR estimates ranged between 

27.79 m (Yellow-headed Blackbird) and 78.03 m (Least Bittern). Virginia Rails had an EDR of 
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40.37. This EDR was determined from 2016 data only, as the detections and distances for 2017 

were much more variable, resulting in less robust estimates using distance sampling methods. 

The EDRs for Marsh Wren, Common Yellowthroat, Swamp Sparrow, and Red-winged 

Blackbird were 35.91 m, 73.48 m, 48.07 m, and 33.81 m, respectively. Detection probabilities 

ranged between 0.47 (Virginia Rail) and 0.77 (Marsh Wren; Fig. 3.1).  

For secretive marsh birds, densities were greatest in older restorations for 2016 (Fig. 

3.2a) and 2017 (Fig. 3.2b). We did not detect any Least Bitterns in non-restored sites. For 

passerines, densities tended to be greatest in older restorations in both years (Fig. 3.3). This was 

particularly true for Red-winged and Yellow-headed blackbirds. Densities were similar in 

younger restorations and older restorations for Marsh Wrens. Common Yellowthroats and 

Swamp Sparrows had lower densities overall, and they were similar in younger and older 

restorations. 

Discussion 

 Our findings add to the growing knowledge concerning breeding bird use of large 

shallow lakes (Hanson and Butler 1994, Moreno-Ostos et al. 2008, Anteau and Afton 2009, 

Epners et al. 2010) and this is one of the few studies that has examined breeding birds at 

restored, large, shallow lakes in the PPR. We found that there were several factors that 

influenced the detection probability of breeding birds in these restorations, which will be 

important to consider when completing future monitoring efforts (MacKenzie et al. 2002). And 

as with other studies (Hickman 1994, VanRees-Siewert 1996, Ratti et al. 2001), restoration 

seemed to improve breeding bird densities when compared to non-restored sites, specifically for 

species such as Least Bittern, Virginia Rail, Marsh Wren, and Yellow-headed Blackbird.  
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Habitat may explain the differences in marsh bird densities among the three restoration 

types in our study. Before restoration, these large shallow lakes had little to no emergent and 

submergent vegetation, and many of them have remained in that state for years or decades. 

While this open lake phase is a natural stage of a wetland’s vegetation cycle, much of this region 

has experienced increased precipitation since the 1990s that has likely lead to greater water depth 

and water permanence for wetlands and shallow lakes (Mushet et al. 2015). Changes in water 

regimes, along with the installation of drainage systems that may connect historically isolated 

wetlands to other water inputs, are linked to the presence and increase in benthivorous and 

planktivorous fish populations in areas where fish abundance used to be low (Euliss and Mushet 

1996, Miller et al. 2012, McLean et al. 2016). This can have dramatic effects on turbidity levels, 

plant communities, and macroinvertabate populations (Zimmer et al. 2001, Hanson et al. 2005, 

Potthoff et al. 2008, Maurer et al. 2014). Increased turbidity and phytoplankton reduces light 

penetration, which further decreases the presence of submergent vegetation with a resulting loss 

of macroinvertebrates (van der Valk and Davis 1978, Anteau and Afton 2008). Lacking 

fluctuations in water levels, emergent vegetation may not proliferate and is often restricted to 

wetland edges (van der Valk and Davis 1978). This results in a persistent turbid state (Scheffer 

1993, Scheffer et al. 2001) and reduced habitat for breeding marsh birds. 

Several studies have shown the benefits of restoration to breeding marsh birds (VanRees-

Siewert and Dinsmore 1996, Ratti et al. 2001, Hapner et al. 2011), and this can be linked to 

habitat changes that facilitate better breeding and foraging conditions. After the drawdown 

phase, the gradual increase in water level attracts species within the first few years (VanRees-

Siewert and Dinsmore 1996). During this time, more invertebrates colonize the area (Collins et 

al. 2015) and nutrients from decomposed plant matter enhance vegetation growth (Kadlec et al. 
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2000, van der Valk et al. 2000). Robust, longer-lived emergent vegetation gradually replaces 

annual vegetation (van der Valk et al. 2000). With prolonged flooding, the invertebrate 

community changes, submergent vegetation proliferates, and the emergent vegetation may 

eventually begin to die back and become more patchily distributed due to inundation and 

muskrat activity (van der Valk and Davis 1978, Murkin and Ross 2000). Overall, this results in 

habitat that is favored by nesting by marsh birds, particularly during this degenerating phase 

when openings in the robust vegetation become numerous (Murkin et al. 1992, Murkin and Ross 

1999, Rehm and Baldassarre 2007). Yellow-headed Blackbirds and Marsh Wrens, obligate 

wetland breeders, build nests using robust vegetation (Weller and Spatcher 1965, Twedt and 

Crawford 1995, Murkin et al. 1997, Kroodsma and Verner 2013). Virginia Rails and Least 

Bitterns also prefer to nest in dense vegetation (Johnson and Dinsmore 1986a, Bogner and 

Baldassarre 2002, Lor and Malecki 2006) and are generally positively associated with cattail or 

other shallow emergent plants (Glisson et al. 2015). The diversity of emergent and submergent 

vegetation, along with the development of sedge meadow and wet prairie habitat near the edges, 

may provide for a more diverse community of invertebrates and seeds, which make up 

significant portions of the diets for several species (Voigts 1976, Diver 1977, Galatowitsch and 

van der Valk 1994, Mowbray 1997, Guzy and Ritchison 1999, Murkin and Ross 2000). 

Wetlands in older stages of restoration tended to support a greater density of breeding 

marsh birds than younger or unrestored sites. Most of these older restorations had 50% or more 

emergent vegetation cover and more interspersion. Waterbird diversity tends to be highest when 

there is 1:1 ratio of emergent vegetation and open water (Weller and Spatcher 1965, Kaminski 

and Prince 1981), and several species such as Least Bitterns forage or nest along the interface 

between emergent vegetation and open water (Weller 1961, Rehm and Baldassarre 2007). The 
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amount of time it takes a prairie wetland to develop structural diversity may vary due to factors 

such as water chemistry, the surrounding landscape, and drainage history (Kantrud et al. 1989b). 

Because of their large size, Iowa’s shallow lakes may take several years to reach the 

degenerating phase, when openings in the emergent vegetation increase (van der Valk and Davis 

1978). Open water promotes the growth of submergent vegetation, and invertebrates use both 

submergent vegetation and the submersed parts of emergent vegetation as a substrate (Voigts 

1976, Driver 1977, Murkin and Ross 2000). This type of structural diversity may increase 

invertebrate density (Voigts 1976, Driver 1977). Several studies have reported that it may take 

several years (>5 years) for the submergent vegetation community and macroinvertebrate 

community to resemble those of undisturbed sites (Meyer and Whiles 2008, Aronson and 

Galatowitsch 2008, Bortolotti et al. 2016). At the same time, persistently deep water depths may 

eventually cause plant life and invertebrates to decline, so mimicking the wet-dry cycle of prairie 

wetlands will likely benefit waterbirds overall (Neckles et al. 1990, Anderson and Smith 2000). 

Furthermore, Least Bitterns and Virginia Rails consume other vertebrates, including small fish, 

mammals, and amphibians (Horak 1970, Poole et al. 2009), so these older restorations may better 

support these items. However, other habitat factors that we did not measure, such as water 

chemistry and drainage history, may be influencing the differences in density estimates. 

 Overall detection probability ranged between 0.49 for Virginia Rails and 0.76 for Marsh 

Wrens. Detections for the secretive marsh birds were relatively high when compared to other 

studies. Harms and Dinsmore (2012) estimated detection probabilities of 0.27 and 0.08 for Least 

Bitterns and Virginia Rails, respectively, at Iowa wetlands of various types and sizes. Their study 

used distance sampling, rather than a removal method, to estimate detection probability. Distance 

sampling estimates the probability of detection given that the bird is present (i.e., detectability), 
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while the removal method estimates the product of both detectability and the probability that the 

bird vocalizes (i.e., availability; Buckland et al. 2001, Farnsworth et al. 2002). Thus, 

incorporating both components of detection probability likely increases the overall detection 

probability. Furthermore, for these two species we only considered the periods during which the 

calls from the respective species were being broadcast. It is thus important to clarify these 

estimates as the detection probability during the broadcast period of the survey only. Tozer et al. 

(2017) examined the differences in detection probability between the passive period and 

broadcast period of point count surveys for secretive marsh birds. Their estimates of detection 

for Least Bitterns and Virginia Rails in the Great Lakes region during the 5-min broadcast period 

were similar to our estimates. In contrast, their detection estimates for Marsh Wren, Red-winged 

Blackbird, and Common Yellowthroat were slightly lower than our estimates. Indeed, detection 

probability for several passerine marsh birds tends to be highly variable across published studies, 

and this is likely due to variation in seasonal timing of surveys (Conway and Gibbs 2011, 

Robertson and Olsen 2014), habitat types, and possibly observer bias. For example, Marsh Wren 

calls and songs can vary by region, and singing in males may increase after pairing (Kroodsma 

and Verner 2013).  

Previous work has examined the detection probability of marsh birds and how several 

factors influence detection of different species (Darrah and Krementz 2010, Robertson and Olsen 

2014, Harms and Dinsmore 2015). Of particular concern is the experience of observers (Sauer et 

al. 1994, Conway and Simon 2003). Providing extensive training in identifying species and 

determining distance from observer are critical to obtaining robust estimates of detection and 

abundance (Conway 2009, 2011). We found that observer influenced the detection probability of 

Virginia Rails, Marsh Wrens, Red-winged Blackbirds, and Yellow-headed Blackbirds. Another 
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effect was a decline in detection probability as the season progressed, and we found this effect 

for Marsh Wrens and Yellow-headed Blackbirds. The vocalization rates of several species may 

decrease or increase throughout the breeding season, which may be due to population or 

behavioral changes (Best 1981). For example, male Yellow-headed Blackbirds sang less when 

young had fledged (pers. obs.), perhaps due to more energy being expended for feeding and 

defending young (Twedt and Crawford 1995). Harms and Dinsmore (2016) found a similar 

pattern at other wetlands surveyed throughout Iowa. Surprisingly, we did not see this pattern for 

secretive marsh birds, which can vary greatly in their vocalization rates based on nesting stage 

(Robertson and Olson 2014). Conway (2011) recommends that surveys be conducted multiple 

times during the breeding season to account for the variation in peak vocalization periods of 

secretive marsh birds.  

Several environmental variables also influenced detection probability, and this has been 

confirmed for breeding marsh birds in other studies (Conway and Gibbs 2011, Harms and 

Dinsmore 2012). The effects of temperature, time of day, and cloud cover may relate to the level 

of activity of marsh birds. Most birds tend to be the most vocal around dawn, so we expected a 

negative relationship between time of day and detection probability (Skirvin 1981, Harms and 

Dinsmore 2011). We only found this pattern with the Virginia Rail, but we found the opposite 

relationship for Swamp Sparrow. There was an even stronger negative relationship between 

temperature and detection probability for Swamp Sparrow. So, although this species may 

become more vocal throughout the morning, temperature may have a greater impact on its 

activity. In contrast, Yellow-headed Blackbirds were more likely to be detected when 

temperatures were higher. Additionally, wind speed and cloud cover influenced the detection 

probability of Yellow-headed and Red-winged blackbirds, respectively. Detectability declined 
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for other species as wind speed increased (Gibbs and Melvin 1993, Harms and Dinsmore 2012), 

and we found this relationship with Yellow-headed Blackbirds. Other studies have found an 

influence of cloud cover on detection probability (Gibbs and Melvin 1993, Harms and Dinsmore 

2012), but the reason is still unclear.  

While covariates related to weather are important, habitat may also influence the 

behavior of birds and affect their detection probability. We found that the detection probability 

of Marsh Wrens in our study area was negatively influenced by vegetation height. Although this 

species had the highest detection probability of all the species examined, they can be difficult to 

detect in some circumstances and prefer to nest in tall, dense, emergent vegetation (Kroodsma 

and Verner 2013). In contrast, there was a positive relationship between this variable and the 

detection probability of Least Bitterns. Several studies have found that the occupancy or density 

of this species is positively related to tall, robust emergent vegetation (Bogner and Baldassarre 

2002, Lor and Malecki 2006, Darrah and Krementz 2010). While we did not estimate these 

parameters, perhaps there was a greater abundance of individuals in areas with tall vegetation, 

thus making it more available for detection in tall vegetation. This may also explain the positive 

relationship between Red-winged Blackbirds and percent cattail. These birds, particularly the 

males, use tall vegetation to sing and display (Nero 1956a, b) and are thus more visible during 

surveys. 

Management Implications 

 The restoration of large shallow lakes in the PPR appears to provide habitat that is widely 

used by breeding marsh birds. While further study is needed to determine specific habitat 

variables that promote greater densities of marsh birds in these wetlands, future management 

should focus on providing structural diversity and continuing to apply a wet-dry cycle approach 



 87

to management. Promoting the growth of emergent vegetation appears to allow nesting 

conditions for all of our focal species and particularly for the secretive marsh birds, Marsh 

Wrens, Red-winged Blackbirds, and Yellow-headed Blackbirds. Densities of these species 

increased between 2- and 17-fold in older restorations than in non-restored sites. At the same 

time, densities tended to be lower in younger restorations for Least Bitterns, Marsh Wrens, and 

Red-winged and Yellow-headed blackbirds, they were still greater than at non-restored sites. 

Thus, maintaining water levels so that emergent vegetation does not completely die back should 

provide habitat for breeding marsh birds, and allowing it to grow for more than five years 

appears to attract the greatest densities of breeding marsh birds. Additionally, future surveyors 

should consider the environmental, seasonal, and observer factors that influence the detection 

probability of these species. Specifically, observers should be well trained to identify species 

aurally, and surveys should be conducted during the peak vocalization period, especially for 

Virginia Rails and other secretive marsh birds (Conway 2009, 2011).  
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Tables 

Table 3.1. Covariates, along with their slope (β) estimates and standard errors, included in the 
most competitive models for breeding secretive marsh birds surveyed at shallow lakes in the PPR 
of Iowa, summer 2016 and 2017.  The AICc weight (wi) and the model deviance are also shown. 
The number of detections are summed across both years. Significant (95% confidence intervals 
did not contain zero) slope (β) estimates are indicated with an asterisk (*). Cloud cover is an 
index for cloud cover (0, 1, 2, 3), observer is one of three observers, temperature is the 
temperature (°C) at the start of the survey, time of day is the time the survey began, and 
vegetation height is an index for emergent vegetation height at the point (1, 2, 3). 

Species Detections Covariates β SE wi Deviance 

Least Bittern 61 

Temperature 0.159 0.098 

0.31 117.35 
Time of day -0.005 0.003 
Cloud cover 0.837 0.523 
Vegetation height 0.980* 0.417 

Virginia Rail 140 

Observer 1 1.473 0.558 

0.42 201.56 
Observer 2 0.201 0.593 
Observer 3 -1.532 1.174 
Time of day -0.005* 0.002 
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Table 3.2. Covariates, along with their slope (β) estimates and standard errors, included in the 
most competitive models for breeding marsh passerines surveyed at shallow lakes in the PPR of 
Iowa, summer 2016 and 2017.  The AICc weight (wi) and the model deviance are also shown. 
The number of detections are summed across both years. Significant (95% confidence intervals 
did not contain zero) slope (β) estimates are indicated with an asterisk (*). Day of season is the 
Julian day beginning on 1 June, distance is the distance between the bird and observer, cloud 
cover is an index for cloud cover (0, 1, 2, 3), observer is one of three observers, temperature is 
the temperature (°C) at the start of the survey, time of day is the time the survey began, 
vegetation density and height are an indices for emergent density and height at the point (1, 2, 3), 
and percent cattail is the percent cover of cattail (Typha sp.) at the point.  

Species Detections Covariates β SE wi Deviance 

Marsh Wren 911 

Observer 1 (2016) 0.328 0.179 

0.36 1538.75 

Observer 1 (2017) 0.894* 0.195 
Observer 2 (2016) 0.058 0.184 
Observer 3 (2017) 1.719* 0.274 
Distance -0.008* 0.002 
Day of season -0.008 0.005 
Vegetation height -0.277* 0.078 

Swamp Sparrow 237 

Distance -0.004 0.003 

0.45 593.08 
Temperature -0.117* 0.053 
Time of day 0.006* 0.002 
Cloud cover 0.321 0.213 

Common Yellowthroat 355 
Distance -0.004* 0.002 

0.28 893.76 
Day of season 0.013 0.007 

Red-winged Blackbird 990 

Observer 1 (2016) 0.322 0.173 

0.35 2307.42 

Observer 1 (2017) 0.870* 0.170 
Observer 2 (2016) 0.068 0.213 
Observer 3 (2017) -0.712 0.409 
Distance -0.003* 0.001 
Temperature 0.026 0.018 
Time of day -0.001 0.001 
Cloud cover -0.248* 0.095 
Percent cattail 0.008* 0.002 

Yellow-headed Blackbird 815 

Observer 1 (2016) 0.036 0.181 

0.37 1836.22 

Observer 1 (2017) 0.341 0.179 
Observer 2 (2016) -0.473* 0.226 
Observer 3 (2017) 0.337 0.468 
Distance -0.003* 0.001 
Day of Season -0.019* 0.007 
Temperature 0.041* 0.020 
Wind speed -0.073* 0.031 
Vegetation density -0.300* 0.146 

  Vegetation height 0.120 0.091 
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Figures 

 

 

Figure 3.1. Overall detection probability (with 95% confidence intervals) of breeding marsh 
birds surveyed at shallow lakes in the PPR of Iowa, summer 2016 and 2017.  
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Figure 3.2. Densities (with 95% confidence intervals) of breeding secretive marsh birds surveyed 
in large shallow lakes in the PPR of Iowa, spring (a) 2016 and (b) 2017. No Least Bitterns were 
recorded at unrestored sites in either year. The sites in the “non-restored” category were 
unmanipulated and mostly lacking vegetation. The “younger” restorations were sites restored 1 
to 5 years prior to surveys, and the “older” restorations were restored 6 to 11 years prior to 
surveys. 
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Figure 3.3. Densities (with 95% confidence intervals) of breeding passerine birds surveyed in 
large shallow lakes in the PPR of Iowa, spring (a) 2016 and (b) 2017. The sites in the “non-
restored” category were unmanipulated and mostly lacking vegetation. The “younger” 
restorations were sites restored 1 to 5 years prior to surveys, and the “older” restorations were 
restored 6 to 11 years prior to surveys. 
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Abstract 

Wetland restoration in the Prairie Pothole Region (PPR) is critically important to 

breeding birds because of recent wetland declines. The Shallow Lakes Restoration Program 

(SLRP), a partnership between the Iowa Department of Natural Resources and Ducks Unlimited, 

Inc., aims to restore eutrophic shallow lakes throughout the Iowa PPR. We examined the impact 

of restoration on the vegetation community and breeding marsh birds at 30 shallow lakes in the 

PPR of Iowa in 2016 and 2017. We compared the vegetation species richness and frequency of 

taxa in three major vegetation functional groups (emergent, floating-leaved, and submersed 

aquatic) across non-restored sites, restorations that were 1 to 5 years old (younger), and 6 to 11 

years old (older). We also assessed the influence of restoration state on several vegetation 

species and the influence of habitat characteristics on numbers of breeding marsh passerines, 

secretive marsh birds, and three species of breeding marsh birds. Restored wetlands had between 

1.7 and 4 more species than non-restored sites among the three vegetation functional groups. 

Typha sp. was the most abundant emergent species, while wet prairie and sedge meadow species 

were uncommon. Lemna minor and Ceratophyllum demersum were the most abundant floating-

leaved and submersed species, respectively.  The frequency of occurrence of submersed aquatic 

vegetation increased linearly with years since restoration (β = 0.07, SE = 0.02) while floating-
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leaved vegetation and Typha sp. peaked at 7 years post-restoration. The frequency of occurrence 

of Typha sp. positively influenced numbers of all marsh passerines (β = 2.88, SE = 0.54), Marsh 

Wrens (β = 1.89, SE = 0.53), Yellow-headed Blackbirds (β = 1.91, SE = 0.50), and secretive 

marsh birds (β = 2.02, SE = 0.47). Submersed aquatic vegetation and floating-leaved vegetation 

were positively correlated with numbers of marsh passerines (β = 0.72, SE = 0.33) and Virginia 

Rails (β = 0.51, SE = 0.23), respectively.  Restored shallow lakes had greater cover and diversity 

of emergent, floating-leaved, and submersed aquatic species and apparently provide better 

conditions for breeding marsh birds, but further management action may be needed to prevent 

these wetlands from reverting to a eutrophic, turbid state.  

Introduction 

 Wetlands in the Prairie Pothole Region (PPR) have experienced dramatic declines and 

alterations since European settlement (Dahl 2014). This area was once characterized by 

expansive wetlands interspersed with grasslands and hosted diverse wildlife and floral 

populations (Bishop 1981, Tiner 1984, Van Meter and Basu 2015). Due to agricultural expansion 

more than half of the wetland area has been lost in the conterminous United States alone (Dahl 

2014). Many of the wetlands that remain have been dramatically altered due to watershed 

changes, increased fish abundance, increased sedimentation, and excess nutrient loading and 

chemical drift (Martin and Hartman 1986, Nelly and Baker 1989, Baker 1992, Euliss and Mushet 

1996, Gleason 1999, Anteau and Afton 2008). Wildlife species, including birds, rely on 

emergent and submersed aquatic plants for nesting and foraging, and the severe decline in 

quality wetland habitat has likely led to a decline in many species (Banks and Springer 1994, 

Page and Gill 1994, Igl and Johnson 1997).  In response to these changes, wetland restoration 

that involves manipulating water levels have become important tools for expanding wetland 
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habitat and improving habitat quality (Rundle and Fredrickson 1981, Elphick and Oring 1998, 

Taft et al. 2002). 

 The draining of wetlands in the PPR, particularly seasonally and temporarily flooded 

wetlands (Stewart and Kantrud 1971), resulted in proportionally more large, semi-permanent or 

permanent shallow lakes on the landscape (Miller et al. 2012). Water levels in these wetlands are 

mostly driven by precipitation, snowmelt runoff, evapotranspiration, and groundwater (Kantrud 

et al. 1989, Winter 1989). Even the largest wetlands experienced periods of dry conditions, 

which tended to occur every 10-20 years (van der Valk and Davis 1976, 1978, Duvick and 

Blasing 1981, Anteau 2012). With the consolidation of smaller wetlands and the extensive use of 

drainage ditches and subsurface drainage tiles, water storage has declined (Miller and Nudds 

1996), and remaining wetlands often have deeper water and more stable water regimes (Mushet 

et al. 2015). As a result, the abundance of planktivorous and benthivorous fish has increased in 

areas where they were less abundant or absent historically (Peterka 1989, Euliss and Mushet 

1996, Anteau and Afton 2008, McLean et al. 2016). An increase in abundance of some fishes, 

such as black bullhead (Ameiurus melas) and common carp (Cyprinus carpio), contribute to 

increased sedimentation and can affect other biological processes and organisms (Hanson and 

Butler 1994, Hanson and Riggs 1995, Zimmer et al. 2000, Pothoff et al. 2008, Stewart and 

Downing 2008). Such factors can lead to a decline in invertebrate diversity and abundance, 

increased turbidity, and concentrations of nitrogen, phosphorus, and phytoplankton (Hanson and 

Riggs 1995, Zimmer et al. 2002). As a result, submersed aquatic vegetation declines and further 

allows for increased phytoplankton growth, and the persistent deep water causes emergent 

vegetation to decline (van der Valk and Davis 1978, Timms and Moss 1984, Scheffer et al. 1993, 
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Sayer et al. 2010). Overall, this turbid state does not provide appropriate habitat conditions for 

many species of plants and wildlife (Scheffer et al. 1993, Zimmer et al. 2000).  

Large prairie lakes will naturally experience periods of open water, but a productive 

wetland generally has clear water with a seasonal, annual, or multi-year wet-dry cycle due to 

water level fluctuations (Winter 1989, Scheffer et al. 1993). Van der Valk and Davis (1978) 

described this process and identified four major phases of prairie wetlands. During the dry phase, 

which is typically caused by drought, seeds from vegetation germinate (Harris and Marshall 

1963) and more nutrients become available as plant litter decomposes (Bärlocher et al. 1978). 

The basin gradually refills during the regenerating phase, providing favorable conditions for 

submersed aquatic, floating-leaved and emergent vegetation (van der Valk and Davis 1978). 

Emergent vegetation will eventually die back due to prolonged inundation and muskrat activity 

in the degenerating phase, and this will lead to the open lake phase once again (van der Valk and 

Davis 1978). Changes in wildlife community composition occur throughout this process (Weller 

and Spatcher 1965, Murkin et al. 1997, Hershey et al. 1999, Murkin and Ross 2000). For 

example, during phases with vegetation marsh birds, such as the Yellow-headed Blackbird 

(Xanthocephalus xanthocephalus) and Virginia Rail (Rallus limicola), rely on emergent 

vegetation for nesting and foraging opportunities (Weller and Spatcher 1965, Murkin et al. 

1997). Emergent wetlands also tend to provide better habitat for invertebrates, which are prey 

items for several marsh birds and other vertebrates (Voigts 1976, Driver 1977, Murkin and Ross 

2000). This wet-dry cycle can result in a biologically diverse system within a single basin and 

provide habitat for a variety of species when adjacent basins are in different phases (Stewart and 

Kantrud 1971).  
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In an effort to remedy the degradation of shallow lakes, several restoration projects have 

focused on implementing this wet-dry cycle as a management tool (Chow-Fraser 2005, 

Giesthardt et al. 2013). Many of these projects focus on maintaining conditions that favor 

abundant vegetation, particularly emergent vegetation and submersed aquatic plants, and may 

result in a shift to a clear water state (Scheffer et al. 1993, Chow-Fraser 2005, Søndergaard et al. 

2007). While this effort has proved to be successful for some wetlands, several factors may 

prevent a project from persisting in this desired state for long periods of time (e.g., >10 years) 

and continuous management, such as fish removal and water level manipulations, may be 

necessary (Søndergaard et al. 2007, Hanson et al. 2017). For example, submersed aquatic plants 

are known to help stabilize the clear water state of shallow lakes (Carpenter and Lodge 1996, 

Scheffer et al. 1993, Jeppesen et al. 1997), but they may not immediately respond to restoration 

efforts (Strand 1999, Søndergaard et al. 2007, Bortolotti et al. 2016). Additionally, grazing 

pressure from waterfowl and external nutrient inputs may further prevent the proliferation of 

submersed aquatic plants (Søndergaard et al. 1996, Lauridsen et al. 2003a, Zimmer et al. 2003), 

so additional management tools may be needed to increase vegetation growth. Monitoring the 

vegetation community and its impacts on wetland-dependent wildlife may help elucidate when 

such actions are warranted.  

Since 2006 the Iowa Department of Natural Resources and Ducks Unlimited, Inc. have 

restored 38 shallow lakes in Iowa PPR. Iowa includes the southernmost portion of the PPR, 

known as the Des Moines Lobe region (DML; Miller et al. 2009). Approximately 90% of Iowa’s 

historical wetland area has been lost due to agriculture and other infrastructure (Dahl 1990, 

Miller et al. 2009, Van Meter and Basu 2015). The goal of this project is to improve water 

quality and the vegetation community to increase the establishment of diverse fish, bird, and 
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invertebrate communities (Geisthardt et al. 2013). Since its implementation, these wetlands have 

shown improvements in water quality and vegetation structure (Geisthardt et al. 2013). However, 

as they age some shallow lakes appear to be showing a decline in water and vegetation quality, 

indicating a need for further management. Our goals were to record the vegetation community of 

these wetlands, determine how they change over time by collecting information from wetlands of 

various states (i.e., years since restoration), and examine how the vegetation affects numbers of 

wetland-dependent birds.  

Methods 

Study Area 

 Our study wetlands were located within the DML in Iowa, an area formed by the 

retreating Wisconsin glacial advance 14,000 years ago (IAN 2001, Miller et al. 2009). The PPR 

covers about 700,000 km2 in the United States and Canada, and the DML makes up only 800 

km2 of that area (Bishop et al. 1981, Kantrud et al. 1989, IAN 2001, Dahl 2014). The PPR is 

characterized by palustrine and lacustrine wetlands (Kantrud et al. 1989).  

In this study, the term “shallow lake” generally describes a semi-permanent or permanent 

wetland with a mean water depth <1.5 m (Cowardin et al. 1979, Geisthardt et al. 2013). The term 

“restored” refers to wetlands that were once severely degraded and subsequently restored by 

manipulating the hydrology to improve water quality and vegetation. These shallow lakes were 

passively restored (i.e., no seed additions), and they were drained using an existing outlet 

structure to begin the restoration process. Infrastructure, such as water control structures, water 

channels, pipelines, and fish exclusion structures, were installed into nearly all shallow lakes to 

manage water levels and exclude rough fish. Once the restoration process began, sites were 

refilled gradually over (ideally) a 2-year period to allow vegetation to reestablish. Likewise, the 
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term “non-restored” refers to shallow lakes that were unmanipulated. Most of these shallow lakes 

were void of emergent vegetation and contained turbid water; some may be restored within the 

next few years. We considered the date of restoration to be the start of the drawdown, even if it 

was before completion of the water control structure. Thus, the age of restored shallow lakes 

ranged from 1 to 11 years.  

Site Selection 

 To examine how wetlands in different restoration states differ in vegetation composition 

and influence breeding bird use, 19 restored sites were chosen based on age, spanning the period 

from one to ten years post-restoration. We also chose 11 non-restored wetlands to examine pre-

restoration bird use of shallow lakes. One of these shallow lakes was in the early stages of 

restoration in 2017 and, therefore, considered to be a restored site in that year. Wetlands were 

located in 12 Iowa counties: Buena Vista, Calhoun, Cerro Gordo, Clay, Dickinson, Emmet, 

Hancock, Palo Alto, Pocahontas, Winnebago, Worth, and Wright. All wetlands were surveyed in 

the summer of 2016 and 2017.   

 We grouped restored wetlands into two categories based on years since restoration for 

some of the analyses. Several studies have examined the changes in the vegetation community of 

restored sites at different ages (Galatowitsch and van der Valk 1996a, b, Aronson and 

Galatowitsch 2008), and others have found that sites considered to be “older” may differ from 

“younger” sites (Badiou et al. 2011, Bortolotti et al. 2016). For example, wetlands restored 1-3 

years prior to the study by Bortolotti et al. (2016) had less submersed aquatic vegetation (SAV) 

associated with undisturbed (i.e., remnant) wetlands than wetlands restored 7-10 years ago. We 

examined our sites using the following grouping method (hereafter referred to as restoration 
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state): non-restored, younger (1-5 years since restoration), and older (6-11 years since 

restoration). 

Vegetation Sampling 

 Vegetation surveys were completed once during each of the two summers. We used a 

method similar to Webb et al. (2010) and created north-south and east-west transects in each 

wetland. These were situated along the maximum width of each wetland for each direction. We 

used a 1 x 1 m plot every 50 m for transects ≤800 m and every 100 m for transects >800 m 

(Webb et al. 2010). These transects were generated using ArcMap 10.3 (Environmental Systems 

Research Institute, Inc., Redlands, CA). At each plot we recorded the percent cover of plants to 

genus (e.g., Typha sp.; Monfils et al. 2014) or species and their structural definition (wet prairie, 

sedge meadow, shallow emergent, deep emergent, submersed aquatic, floating-leaved, mudflat 

annual, and woody shrub; Galatowitsch and van der Valk 1994). For all groups other than 

submersed aquatics and floating-leaved plants percent cover was calculated using basal cover. 

We used a rake to facilitate the identification of submersed aquatic plants. We assigned each plot 

into one of three size classes based on maximum vegetation height (1 = 0 – 0.5 m, 2 = 0.5 – 1 m, 

3 = >1 m; Harms and Dinsmore 2013). We used a similar method for vegetation density and 

assigned each plot into one of three density classes (1 = water easily visible through base of 

stems, 2 = anything that falls in between the two extremes, 3 = water not visible through the base 

of stems at water level; Conway 2009). Water depth was recorded to the nearest cm at the center 

of each plot.  

Bird Surveys 

 We conducted unlimited-radius, 10-min point counts throughout each site for breeding 

marsh birds (Ralph et al. 1995). Points were situated randomly in wetlands, and the number of 
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points depended on the size of the wetland. Two points were placed in sites 10.1 – 20 ha, three 

points in sites 20.1 – 30 ha, four points in sites 20.1 – 40 ha, and five points in sites >40 ha 

(Harms 2011). Points were situated >400 m apart to avoid double-counting individual birds 

(Conway 2011). We surveyed each set of points twice during each year to account for any 

seasonal variation in the vocalization rates of species (Gibbs and Melvin 1993, Conway et al. 

2004). Point counts were conducted between a half-hour before sunrise to up to four hours after 

sunrise. We did not survey in rainy conditions or when winds exceeded 20 km/h (Conway 2009).  

To improve detection of secretive marsh birds (i.e., rails, bitterns, grebes), we 

incorporated call-broadcast surveys into our point count surveys according to methods described 

by the North American Marsh Bird Monitoring Protocol (Conway 2009, 2011). The first five 

minutes of the survey period were silent, while the last five minutes were recorded calls. Each 

minute corresponded to one of five species of secretive marsh birds; the first 30 sec included a 

recording, followed by 30 sec of silence. The sequence of calls we used, from first to last, was 

Least Bittern (Ixobrychus exilis), Sora (Porzana carolina), Virginia Rail, King Rail (Rallus 

elegans), and Pied-billed Grebe (Podilymbus podiceps; Conway 2011). Except for the King Rail, 

these are regular breeders in Iowa. In previous call-broadcast surveys conducted in Iowa (Harms 

2011), the King Rail did not have many detections, but Sora and Virginia Rail tended to respond 

to King Rail calls as readily as they responded to intraspecific calls (T. Harms, pers. comm.). We 

used an MP3 player (SanDisk Sansa Clip 1GB, SanDisk Corporation, Milpitas, California) 

attached to portable speakers (JBL Flip 3, Harman International Industries, Inc., Stamford, 

Connecticut) and broadcast at 90 dB from a distance of 1 m in front of the speakers (Conway 

2011). The speaker faced the interior of the wetland and was 0.5 m from the ground or water 

surface (Harms 2011).  
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Vegetation Community Analysis 

 We examined the community structure of three major functional groups of plants 

(Galatowitsch and van der Valk 1994): emergent vegetation, submersed aquatics, and floating-

leaved vegetation. Emergent vegetation includes any plant with a vertically erect stem, so it 

combines shallow emergent, deep emergent, sedge meadow, wet prairie, and woody vegetation 

(Galatowitsch and van der Valk 1994). We mostly encountered deep emergent and shallow 

emergent species and the other functional groups alone were not encountered enough for 

statistical analyses. We were interested in how several measurements of these groups changed 

with years since restoration (i.e., restoration age) and differed across wetlands in different 

restoration states. Since our study unit was the wetland, we averaged the following calculations 

across the three restoration states: total species richness, frequency of occurrence for each 

species, mean total percent cover, and mean relative abundance. We examined total species 

richness within each of three plant functional groups. Frequency of occurrence is the percentage 

of points each species was encountered at a wetland. For plant species that showed a pattern with 

restoration age, we used linear mixed effects models (lme4 package in R; Bates et al. 2015) to 

determine the effect of age on the frequency of the plant species. We also examined total 

frequencies of floating-leaved and submersed aquatic vegetation, as well as frequency of 

duckweeds, which included Lemna minor, Lemna trisulca, and Spirodela polyrhiza. We 

transformed any variables that did not meet assumptions of normality or homogeneity using the 

arcsine-square root function (Zar 2010). For each species, we assessed both a linear and 

quadratic effect with wetland age to determine if some plant types decline after a number of 

years post-restoration. For example, Søndergaard et al. (2007) determined that 5-10 years after 

biomanipulation some shallow lakes returned to a eutrophic, turbid state with little to no 
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vegetation. Identifying species that may be declining or increasing may help determine if or 

when management actions may be necessary. Restoration age and year were considered fixed 

effects, while site was used as a random effect to account for the repeated measure of frequency 

on each wetland (Zuur et al. 2009). We used a likelihood ratio test to determine the most 

competitive model (linear vs. quadratic). 

Vegetation Effects on Marsh Bird Abundance 

 We were interested in the relationship between several vegetation variables and counts of 

breeding birds. Specifically, we made several hypotheses concerning the effect of vegetation 

variables on two groups and three species of birds. Marsh passerines included four species of 

obligate wetland breeding passerines (Brown and Smith 1998): Marsh Wrens, Swamp Sparrows, 

Red-winged Blackbirds, and Yellow-headed Blackbirds. Secretive marsh birds included 

American Bittern (Botaurus lentiginosus), Least Bittern, Virginia Rail, and Common Gallinule 

(Gallinula galeata). We assessed these groups because they require emergent vegetation for 

nesting and foraging (Lor and Malecki 2006, Tozer et al. 2010, Kroodsma and Verner 2013). 

There is also evidence that they are sensitive to certain habitat conditions, such as water quality, 

and so may be considered wetland quality indicators (Eddleman et al. 1988, Conway 1995, 

Cumbee et al. 2008, Lowther et al. 2009, Glisson et al. 2015).  Additionally, we examined the 

effect of vegetation on Marsh Wren (Cistothorus palustris), Yellow-headed Blackbird, and 

Virginia Rail separately; these are relatively common species in Iowa wetlands but are 

experiencing population declines elsewhere (Conway et al. 1994, Conway 1995, Kroodsma and 

Verner 2013). Because we conducted surveys twice per year, we averaged the number of birds 

counted between the two visits for each year.  
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 We used linear mixed models to assess the effect of vegetation on breeding birds (lme4 

package in R; Bates et al. 2015). We generated a global model for each group and species, and 

when we encountered variables with a VIF > 2, we used the most biologically relevant variable 

(Zuur et al. 2010). We square root transformed any non-normal and heterogeneous variables (Zar 

2010). The variables included in the global models varied by group or species and were based on 

findings from the literature and exploratory analyses (e.g., correlation analyses). However, we 

always included year as a fixed effect and site as a random effect to account for any inter-year 

variation and the repeated measures conducted on wetlands (Zuur et al. 2009). We used 

backward elimination of the fixed effects to determine the final model (lmerTest package in R; 

Kuznetsova et al. 2017). 

We hypothesized that all breeding marsh passerines would be positively influenced by 

the frequency of occurrence of Typha sp. This plant is often used by marsh passerines as a 

substrate for nest building, particularly by Marsh Wrens and Yellow-headed Blackbirds 

(Kroodsma and Verner 2013, Lupien et al. 2014). Additionally, Scheonoplectus sp. can also be 

used as a nesting substrate and may even be preferred in some cases (Verner 1965, Verner and 

Engelsen 1970), so we expected this variable to also influence Yellow-headed Blackbirds and 

Marsh Wrens. Similarly, secretive marsh birds will use Typha sp. for nesting and foraging (Lor 

and Malecki 2006, Harms and Dinsmore 2013, Glisson et al. 2015), so we hypothesized that this 

variable would positively influence counts of all secretive marsh birds and Virginia Rails.  

Furthermore, we expected either submersed aquatic vegetation or floating-leaved vegetation to 

positively influence the frequency of groups or species. Submersed aquatic vegetation can be 

used as a substrate for aquatic invertebrates (Voigts 1976, Driver 1977, Wrubleski 1999, Murkin 

and Ross 2000), which are an important part of the diets of several marsh passerines, including 
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Marsh Wrens, Yellow-headed Blackbirds (Twedt and Crawford 1995, Kroodsma and Verner 

2013) and secretive marsh birds (Conway 1995). Floating-leaved vegetation may also provide 

habitat for invertebrates (Harper and Bolen 1996), so we included this variable in the global 

models for all groups and species. Finally, we hypothesized that the general height of vegetation 

may influence the counts of marsh birds. Vegetation that is at least 0.5 m may provide 

appropriate nesting heights for Marsh Wrens and Yellow-headed Blackbirds (Verner 1965, 

Twedt and Crawford 1995). For example, Verner (1965) found that Marsh Wrens placed nests 

about 75 to 95 cm above the water surface on average. Tall vegetation may also be used as a 

perch on which to sing and establish territories by males (pers. obs.). Additionally, secretive 

marsh birds will nest in tall, robust vegetation (Lor and Malecki 2006). Thus, we included the 

frequency of vegetation at 0.5 to 1 m in height (medium vegetation) and the frequency of 

vegetation > 1 m in height (tall vegetation) in all global models.  

Results 

We surveyed a total of 742 quadrats between 5 July and 21 August in 2016 and 730 

quadrats between 27 June and 12 August in 2016 at 30 shallow lakes. We encountered 56 plant 

taxa in 2016 and 55 plant taxa in 2017. 

Younger restorations had more emergent species than older restorations and non-restored 

sites in 2017, but younger restorations had more emergent species than only non-restored sites in 

2016 (Table 4.1). Both younger and older restorations had more species of floating-leaved and 

submersed aquatic vegetation than non-restored sites in 2016 and 2017, but they did not differ 

greatly from one another in both years. With one exception, non-restored sites did not have any 

unique plant species. In 2017, a non-restored site had Myriophyllum sp., which was not 

encountered at any of the restored sites in that year. Younger restorations had more unique 
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species than older restorations in both years (Table 4.1). The number of unique species of 

submersed aquatic vegetation was similar across both years for younger restorations and older 

restorations.  

 Frequency of species encountered varied among the restoration states for emergent 

species, floating-leaved vegetation, and submersed aquatic vegetation. Among emergent species, 

Typha sp. was encountered at more quadrats than any other species for both younger and older 

restorations in both years. Bulboschoenus fluviatilis was the second-most frequent species 

encountered in restorations in 2016 (Fig. 4.1a) and 2017 (Fig. 4.1b), followed by Phalaris 

arundincaeae, but Phalaris arundinceae had more total cover (Figure C.1). Lemna minor and 

Spirodela polyrhiza were the most frequently encountered floating-leaved species in both 

younger and older restorations during both years (Fig. 4.2). Non-restored sites had much fewer 

floating-leaved species in both years. Ceratphyllum demersum, Stuckenia pectinata, and 

Potamogeton sp. were the most frequently encountered submersed aquatic vegetation in younger 

restorations and older restorations in both years (Fig. 4.3), but Myriophyllum sp. was also 

frequently encountered at older restorations in 2016. We also measured relative abundance and 

total mean percent cover of these species, which showed slight differences in patterns among 

wetland restoration states (Appendix C). 

 We examined the relationship between frequency for 10 taxa and restoration age (Table 

4.2). Restoration age influenced the frequency of three species and two functional groups. Typha 

sp., floating-leaved vegetation, Lemnaceae (i.e., duckweeeds), and Urticularia vulgaris increased 

and then decreased with age (7-year peak), while the other species/groups showed a positive 

linear relationship with age (Fig. 4.4).  
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 Five habitat variables influenced counts of breeding marsh birds (Table 4.3). The final 

model for marsh passerines included a positive effect of Typha sp. (Fig. 4.5) and a positive effect 

of submersed aquatic vegetation (Fig. 4.6). There were positive effects of Typha sp. and 

submersed aquatic vegetation and a negative effect of Schoenoplectus sp. on numbers of Yellow-

headed Blackbirds (Fig. 4.5, Fig. 4.6). The final model for Marsh Wren included a positive effect 

of both Typha sp. (Fig. 4.5) and medium vegetation. The secretive marsh bird final model 

included positive effects of Typha sp. (Fig. 4.7a) and tall vegetation, while positive effects of 

medium vegetation and floating-leaved vegetation (Fig. 4.7b) were included in the final model 

for Virginia Rails.  

Discussion 

 Restored shallow lakes in the Iowa PPR are showing dramatic changes in the vegetation 

community after restoration. Within a few years post restoration, a variety of emergent, floating-

leaved, and submersed aquatic vegetation created a more species rich community, and our 

findings show that this plant community is highly variable from year to year. This is likely due to 

the timing of the drawdown and the reflooding periods of restoration, where nutrients become 

available and facilitate vegetation growth (Kadlec et al. 2000, van der Valk 2000). At the same 

time, we found evidence that parts of the vegetation community are beginning to decline with 

time since restoration. This may be a result of prolonged inundation (van der Valk and Davis 

1978), increases in planktivorous fishes (Timms and Moss 1984, Jeppesen et al. 1997, Zimmer et 

al. 2001), sedimentation (Jurik et al. 1994, Euliss and Mushet 1996), or increased nutrient 

loading from the surrounding landscape (Neely and Baker 1989, Lauridsen et al. 2003b). 

Without further management actions, wetlands could return to the less desirable turbid, open lake 

phase (Scheffer et al. 1993, Søndergaard et al. 2007, Sayer et al. 2010). Parallel to vegetation 
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changes are fluctuations in breeding marsh bird numbers, as several habitat characteristics appear 

to be influencing the presence of common birds found in this region.  

 Overall, restorations are showing improvements in diversity and total cover of vegetation 

as they age, but these factors may be declining in older restorations. In particular, we found that 

younger restorations tended to have more species in the emergent group. This influx of 

productivity within the first few years of restoration results from exposing the wetland soil, 

encouraging the germination of seeds already in the seed bank (van der Valk and Davis 1976, 

Wienhold and van der Valk 1989). Seeds may also be dispersed from nearby wetlands or ditches 

(Kettenring and Galatowitsch 2011a) or from waterbirds (Figuerola et al. 2002). However, the 

seeds of some species vary in their ability to remain viable after several years of inundation prior 

to restoration (Wienhold and Galatowitsch 1988) and others may not be so easily dispersed 

(Kettenring and Galatowitsch 2011a). Invasive perennials, such as Phalaris arundinceae and 

Typha x glauca, can also dominate initial restoration efforts, outcompeting and preventing the 

establishment of native plants (Aronson and Galatowitsch 2008, Mitchell et al. 2011, Lishawa et 

al. 2013). This could explain the lower species richness of older restorations; Typha sp. was the 

most frequently encountered emergent species and had the greatest overall cover in both older 

and younger restorations. At the same time, Typha sp. showed a quadratic relationship with 

wetland age and peaked in frequency at around 7-8 years after restoration. This may be due to 

muskrat activity (pers. obs.) and prolonged inundation (van der Valk and Davis 1978).  

 Despite encountering some patterns in the emergent vegetation community, sites were 

overall highly variable and not always consistent with expectations. For example, while several 

of the older restorations shared many of the same shallow and deep emergent species, one older 

restoration had a high abundance of Zizania aquatica and several lilies (e.g., Nymphaea 
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odorata). At the same time, there were several emergent species we expected to see with greater 

frequency, and there were relatively few sedge meadow and wet prairie species encountered. 

This may be due to our sampling protocol, which may have over-sampled the shallow lake 

interior. On the other hand, bulrushes (Schoenoplectus sp.) can grow in deep water (Shay and 

Shay 1990), but we seldom encountered these species. Along with the sampling technique, this 

could also be related to wetland condition or competition with other dominant emergent species 

(Day et al. 1988, Green and Galatowitsch 2001). Bulrushes can grow in a range of water depths 

and conditions, but prolonged flooding may cause this group to decline over time (Harris and 

Marshall 1963, Shay and Shay 1990). They may also be outcompeted from Typha sp. or invasive 

species during the drawdown period (Galatowitsch et al. 1999, Green and Galatowitsch 2001).  

Floating-leaved and submersed aquatic species also appear to increase in terms of cover, 

and these species are particularly important in stabilizing the clear water state of restored shallow 

lakes and providing habitat and forage for wildlife (Carpenter and Lodge 1986, Jeppesen et al. 

1997, Lumsden et al. 2015). While the frequency of these species in restoration states was 

variable between both years, total frequency of floating-leaved vegetation appeared to peak 

within 5 to 6 years after restoration. Species such as Lemna minor, Spirodela polyrhiza, and 

Wolffia sp. had their greatest frequencies in older restorations, particularly in 2017. This 

variation and decline could be due to grazing from waterfowl (Lauridsen et al. 1993), water level 

fluctuations (Chow-Fraser 2005), changes in light conditions (Bini et al. 1999), temperature 

(Minc 1997, Smith and Moelyowati 1998), or changes in nutrient inputs (Lougheed et al. 2001). 

Floating-leaved vegetation also showed a relationship with wetland age that was similar to 

emergent cover. Along with several emergent species (e.g., Typha sp.), the abundance of 

floating-leaved species may be driven by high nutrient content (e.g., phosphorous), so perhaps 
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the similarities between the two functional groups are due to changes in the water chemistry 

(Bini et al. 1999).  

In contrast, submersed aquatic species may not have reached their peak in these 

restorations. There is evidence that submersed aquatic vegetation growth can be delayed in 

shallow lake restorations (Lauridsen et al. 1994, Søndergaard et al. 2007, Bortolotti et al. 2016) 

and species composition changes over time (Hansel-Welch et al. 2003) and with sediment type 

(Lauridsen et al. 1994). These species, along with floating-leaved vegetation, are known to help 

reduce nutrient content (Van Donk et al. 1993, Søndergaard et al. 2003) and phytoplankton 

(Hasler and Jones 1949) and may maintain the clear water state desired by shallow lakes 

managers (Timms and Moss 1984, Jeppesen et al. 1990, Meijer et al. 1990, Scheffer et al. 1993). 

For example, they can provide a refuge for macroinvertebrates that consume phytoplankton 

(Timms and Moss 1984, Schriver et al. 1995, Søndergaard et al. 2007), which thrive in nutrient 

rich waters and can lead to increased turbidity (Hasler and Jones 1949, Scheffer et al. 1993, 

Scheffer 1998, Søndergaard et al. 2003). However, some species are less tolerant of changes in 

water condition (e.g., under water light availability), and the most frequently encountered 

submersed aquatic vegetation appear to be species that can tolerate a range of conditions. 

Ceratophyllum demersum and Stuckenia pectinata were the most abundant submersed aquatics, 

and these species tend to be more tolerant of slightly turbid waters, partly because they tend to 

have larger leaves that reach the water surface (Bini et al. 1999, Lougheed et al. 2001). They 

were also present in several non-restored sites. On the other hand, Urticularia vulgaris, Najas 

sp., and some Potamogeton sp. have smaller leaves that do not reach the surface, so they are 

more sensitive to low light conditions (Lougheed et al. 2001). These taxa were less abundant in 

non-restored sites, and Urticularia vulgaris showed a negative relationship with wetland age. 
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This, along with the changes in floating-leaved vegetation, may indicate that these sites could 

revert to a eutrophic, turbid state.  

Changes in the macrophyte structure and composition have the potential to influence 

avian communities in prairie wetlands (Fairbairn and Dinsmore 2001, Rehm and Baldassarre 

2007, Harms and Dinsmore 2013), and we found this to be consistent in our study sites. The 

importance of emergent vegetation, particularly Typha sp., was evident for almost all of our focal 

groups and species. The positive relationship between Typha sp. and counts of breeding marsh 

birds has been found by other studies and in other regions of North America (Tozer et al. 2010, 

Harms and Dinsmore 2013, Lupien et al. 2014). In particular, the robust leaves of Typha sp. 

provide an appropriate surface for nest building by breeding marsh passerines (Twedt and 

Crawford 1995, Mowbray 1997, Kroodsma and Verner 2013). Both Marsh Wrens and Yellow-

headed Blackbirds use emergent vegetation as a surface on which to build their nests (Verner 

1965, Willson 1966). This may also help explain the importance of medium height vegetation for 

Marsh Wrens. Marsh Wrens primarily used Typha sp. in our shallow lakes, although they may 

use other dominant robust emergent species such as Schoenoplectus sp. if there is standing water 

(Verner 1965, Verner and Engelsen 1970). The dominance of Typha sp. may be why we did not 

find a relationship between Schoenoplectus sp. frequency and Marsh Wren counts. On the other 

hand, Yellow-headed Blackbirds showed a negative relationship with Schoenoplectus sp. Similar 

to Marsh Wrens, Yellow-headed Blackbirds prefer to build their nests over deep water (Willson 

1966, Minock and Watson 1983, Twedt and Crawford 1995), and this characteristic is likely 

more important than the species of the plant itself. Schoenoplectus sp. was also not encountered 

as frequently as other emergent species, which could be due to survey strategy or abundance, and 

after Typha sp. it made up a significant proportion of the total emergent vegetation cover in non-
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restored sites. Thus, this relationship may not be accurate and could be due to the correlation of 

Schoenoplectus sp. with some other unmeasured factor.   

Total secretive marsh bird counts were also positively related to Typha sp., while 

Virginia Rail counts showed a positive relationship with medium vegetation. Robust emergent 

vegetation can provide appropriate habitat conditions for several species of secretive marsh birds 

(Lor and Malecki 2006, Tozer et al. 2010, Harms and Dinsmore 2013). Several species will build 

their nests at the base of emergent vegetation and may use the leaves as a canopy (Weller 1961, 

Conway 1995). Virginia Rails will also use and forage in Typha sp. stands and several studies 

have found a positive relationship between Typha sp. and Virginia Rail abundance (Glisson et al. 

2015). However, vegetation structure and water conditions may be more important for this 

species (Rundle and Fredrickson 1981).  For example, Sayre and Rundle (1984) found that 

vegetation at the flush sites of Virginia Rails ranged between 0 and 70 cm. Virginia Rails 

generally use and nest in areas with shallow water (<20 cm; Rundle and Fredrickson 1981, Sayre 

and Rundle 1984), and the presence of vegetation <1 m may be indicative of more shallow areas 

within the wetland, providing suitable water depths for Virginia Rails. 

Along with emergent vegetation, submersed and floating aquatic species appeared to be 

important for some groups. Both marsh passerines and Yellow-headed Blackbirds showed a 

positive relationship with frequency of submersed aquatic vegetation. This vegetation can 

provide habitat for a variety of macroinvertebrates (Krull 1970, Voigts 1976, Driver 1977, 

Hanson and Butler 1994), which are important in the diets of breeding marsh birds (Twedt and 

Crawford 1995). Yellow-headed Blackbirds and Marsh Wrens will forage on emerging aquatic 

insects at the water’s surface (Twedt and Crawford 1995, Kroodsma and Verner 2013). These 

and other breeding marsh birds will also nest over deep water, which can provide appropriate 
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conditions for submersed aquatic vegetation (Sheldon and Boylen 1977). Indeed, some studies 

have found a positive relationship between the abundance of these species and water depth 

(Tozer et al. 2010). Similarly, floating-leaved vegetation can also provide habitat for 

macroinvertebrates (Harper and Bolen 1996), which may also explain this variables relationship 

with Virginia Rails. Furthermore, Virginia Rails may use the dense mats of floating-leaved 

vegetation as a walking surface (Conway 1995).  

Management Implications 

 Our results showed notable differences among the vegetation communities of shallow 

lakes in different restoration states, but these patterns are highly variable. Results from other 

restoration projects also show high variability in success, even if the wetlands have similar basin 

morphology, water chemistry, and landscape surroundings (Scheffer 1998, Søndergaard et al. 

2007, Hanson et al. 2017). Because most of these wetlands are isolated and exist in a matrix of 

cropland, they still face pressures from sedimentation, increased nutrient loading, and altered 

water regimes (Neely and Baker 1989, Anteau 2012, Mushet et al. 2015, Van Meter and Basu 

2015). Unless they have reached a relatively stable clear water phase, these factors could lead to 

a turbid, eutrophic state once again (Scheffer et al. 1993, Scheffer 1998, Søndergaard et al. 2007, 

Phillips et al. 2016). Implementing drawdowns or periodically lowering water levels may be 

effective management tools for maintaining some years of clear water and abundant submersed 

aquatic vegetation (Scheffer 1998). Based on our findings a drawdown every 10 years may be a 

way to reset the wetland, but further research on restored shallow lakes >10 years of age may be 

necessary to confirm this timeframe. Ensuring that the abundance of planktivorous fish is nearly 

zero will likely be critical to preventing high levels of turbidity. To increase vegetation species 

richness, active seeding during drawdown and active removal may prevent monocultures of 
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Typha sp. or Phalaris arundinceae, particularly in wet prairie or sedge meadow areas (Green and 

Galatowitsch 2001, Galatowitsch 2006, Lishawa et al. 2010). Reducing nutrient loading and 

replanting submersed aquatic plants may also help shallow lakes reach a stable clear water state 

(Phillips et al. 2016, Wang et al. 2017). At the same time, providing structure for breeding marsh 

birds is also important. Typha sp. was especially important to several marsh birds. It is possible 

that a variety of emergent species (e.g., Schoenoplectus sp., Carex sp.) would also provide 

adequate nesting and forage cover for birds while improving vegetation biodiversity. However, 

exotic species, such as Typha angustifolia, Phalaris arundinaceae, and Phragmites australis tend 

to decrease vegetation diversity (Green and Galatowitsch 2001, Galatowitsch 2006), so native 

species should replace exotic species. Thus, with such large wetlands, maintaining areas with 

dense emergent cover interspersed with submersed and floating plants will likely provide the 

greatest variety of habitat types for several species. This can also be accomplished with water 

level management or active removal of aggressive emergent species (e.g., Lishawa et al. 2017). 
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Tables 

Table 4.1. Mean species/taxonomic richness (with 95% confidence interval) of vegetation in the PPR of Iowa, spring 2016 and 
2017. Younger restorations were surveyed 1-5 years prior to surveys and older restorations were surveyed 6-11 years prior to 
surveys. The number of wetlands surveyed in each restoration state and year is represented by n. The number of unique species are 
species that were only recorded in that group of wetlands.  

 Not restored Younger restoration Older restoration 

 Mean num. 
species/taxa 

95% C.I. 
Num. 
unique 
species 

Mean num. 
species/taxa 

95% C.I. 
Num. 
unique 
species 

Mean num. 
species/taxa 

95% C.I. 
Num. 
unique 
species 

2016  n = 11   n = 13   n = 6  

Emergent 1.55 0.62, 2.47 0 4.17 3.31, 6.38 0 4.85 1.07, 7.26 2 

Floating-leaved 0.36 0.00, 0.84 0 3.00 2.26, 3.73 1 3.50 2.00, 5.00 1 

Submersed 0.91 0.00, 1.88 0 2.62 1.71, 3.52 3 2.50 1.00, 4.00 1 

2017  n = 10   n = 9   n = 11  

Emergent 1.40 0.42, 2.38 0 4.67 2.94, 6.40 8 3.36 1.91, 4.82 1 

Floating-leaved 0.45 0.05, 0.86 0 2.75 1.79, 3.71 0 3.45 2.56, 4.35 1 

Submersed 1.09 0.00, 2.29 1 3.25 1.98, 4.52 2 3.18 2.13, 4.23 2 
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Table 4.2. Model coefficients (with standard errors) of the effect of wetland age (1-11 years) on 
species/taxonomic vegetation functional groups surveyed in the PPR of Iowa, summer 2016 and 
2017. The group “Duckweeds” includes the species Lemna minor, Lemna trisulca, and Spirodela 

polyrhiza.  Both a linear (L) and quadratic (Q) effect were analyzed, and the results from the best 
model (determined from a likelihood ratio test) are shown. Significant effects (P < 0.05) are 
indicated with an asterisk (*).  

Species/group Trend β SE P 

Bulboschoenus fluviatilis L 0.02 0.02 0.35 

Phalaris arundinaceae L 0.001 0.003 0.65 

Phragmites australis L 0.005 0.01 0.62 

Schoenoplectus sp L -0.01 0.01 0.45 

Typha sp Q -0.01 0.003 *0.005 

Floating-leaved vegetation Q -0.02 0.004 *<0.001 

Duckweeds Q -0.02 0.003 *<0.001 

Submersed aquatic vegetation L 0.07 0.02 *0.001 

Ceratophyllum demersum L 0.05 0.02 *0.02 

Potamogeton sp L 0.03 0.02 0.11 

Stuckenia pectinata L 0.03 0.02 0.05 

Urticularia vulgaris Q -0.01 0.004 *0.04 
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Table 4.3. Coefficient estimates (with standard errors) for vegetation variables by average counts of breeding marsh passerines, 
secretive marsh birds, and three species of common, obligate, wetland breeders surveyed in the PPR of Iowa, summer 2016 and 
2017. Variables that were initially in the global model but not included in the final model are indicated with a 0, and variables not 
considered in the global model are represented with an NA. Significant (P < 0.05) effects are indicated with an asterisk (*). 

Vegetation frequencies Marsh passerines 
Secretive marsh 

birds 
Marsh Wren 

Yellow-headed 
Blackbird 

Virginia Rail 

Schoenoplectus sp 0 NA 0 -3.28 (1.72) NA 

Typha sp *2.88 (0.54) *2.02 (0.47) *1.89 (0.53) *1.91 (0.50) 0 

Submersed aquatic vegetation  *0.72 (0.33) NA 0 *1.64 (0.31) NA 

Floating-leaved vegetation 0 0 0 0 *0.51 (0.23) 

Medium vegetation (0.5 – 1 m) 0 0 *1.02 (0.50) 0 *1.07 (0.35) 

Tall vegetation (>1 m) 0 *-1.26 (0.54) 0 0 0 
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Figures 

 

Figure 4.1. Mean frequency of selected emergent species from surveys conducted in the PPR of 
Iowa, summer (a) 2016 and (b) 2017. Surveys were completed in non-restored wetlands, younger 
restorations (1-5 years since restoration), and older restorations (6-11 years since restoration). 
Black bars indicate 95% confidence intervals. 
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Figure 4.2. Mean frequency of selected floating-leaved vegetation from surveys conducted in the 
PPR of Iowa, summer (a) 2016 and (b) 2017. Surveys were completed in non-restored wetlands, 
younger restorations (1-5 years since restoration), and older restorations (6-11 years since 
restoration). Black bars indicate 95% confidence intervals. 
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Figure 4.3. Mean frequency of selected submersed aquatic vegetation from surveys conducted in 
the PPR of Iowa, summer (a) 2016 and (b) 2017. Surveys were completed in non-restored 
wetlands, younger restorations (1-5 years since restoration), and older restorations (6-11 years 
since restoration). Black bars indicate 95% confidence intervals. 
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Figure 4.4. Predicted frequency (with 95% confidence envelopes) of species/taxonomic 
vegetation functional groups at shallow lakes surveyed in the PPR of Iowa, summer 2016 and 
2017. Floating-leaved vegetation combines all species encountered during surveys.  
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Figure 4.5. The effect (with 95% confidence envelopes) of cattail (Typha sp) frequency at 
shallow lakes on numbers of marsh passerines (Marsh Wren, Swamp Sparrow, Red-winged 
Blackbird, Yellow-headed Blackbird), Marsh Wrens, and Yellow-headed Blackbirds surveyed at 
shallow lakes in the PPR of Iowa, summer 2016 and 2017.  

 

 



144 

 

 

Figure 4.6.The effect (with 95% confidence envelopes) of the frequency of submersed aquatic 
vegetation at shallow lakes on numbers of marsh passerines (Marsh Wren, Swamp Sparrow, 
Red-winged Blackbird, Yellow-headed Blackbird), Marsh Wrens, and Yellow-headed 
Blackbirds surveyed at shallow lakes in the PPR of Iowa, summer 2016 and 2017. 
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Figure 4.7. The effect (with 95% confidence envelopes) of the frequency of (a) Typha sp. and (b) 
submersed aquatic vegetation at shallow lakes on numbers of secretive marsh birds and Virginia 
Rails, respectively, surveyed at shallow lakes in the PPR of Iowa, summer 2016 and 2017. 
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CHAPTER 5. GENERAL CONCLUSIONS 

 Shallow lakes in the Prairie Pothole Region (PPR) can provide important resources for 

both migrating and breeding birds, and our study emphasizes the importance of large, vegetated 

shallow lakes for several bird taxa. We found that restoration of degraded, eutrophic lakes led to 

an increase in migrating waterbirds during spring. While open, turbid shallow lakes can provide 

habitat for some species, overall waterbird abundance and species richness increased 

significantly. Several studies have idenfied the benefits of restoration to waterbirds within a few 

years after restoration (VanRees-Siewert and Dinsmore 1993). Additionally, one of the factors 

that likely influenced this response was the change in emergent vegetation. Many species prefer 

some degree of vegetation, which can provide shelter, nesting habitat, forage, and substrate for 

invertebrate prey items (Weller and Spatcher 1965). Water level fluctuations can also improve 

conditions for birds. We found that shorebirds were attracted to sites with low water levels 

during the drawdown period, while waterfowl tended to use restorations as the water level 

increased along with vegetation. These responses also may indicate improved overall water 

quality, and add to the growing knowledge of waterbird use of large wetlands during migration. 

 Furthermore, we quantified the density of breeding marsh birds at shallow lakes in the 

Iowa PPR. Some of these species (e.g., rails and bitterns) are considered to be wetland quality 

indicators (Conway 2011). We found that densities tended to be greater in older restorations (>5 

years post-restoration) than non-restored sites for Least Bittern (Ixobrychus exilis) and Virginia 

Rail (Rallus limicola). We also found that Marsh Wren (Cistothorus palustris) and Yellow-

headed Blackbird (Xanthocephalus xanthocephalus), both of which are obligate wetland 

breeders, had greater densities in younger restorations and older restorations than non-restored 

sites. We did not find consistent patterns for Swamp Sparrow (Melospiza georgina) and 
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Common Yellowthroat (Geothlypis trichas), but these species may prefer habitat in the 

transitional zones of wetlands, rather than the large interiors where the majority of our surveys 

took place (Harms and Dinsmore 2015). Additionally, several habitat and environmental 

variables influenced the detection of these species. Observer bias negatively influenced four out 

of seven species. Time of day, temperature, and vegetation characteristics influenced several 

species. Many factors have been identified in the literature to affect detection (Conway and 

Gibbs 2001), and our findings elucidate some of the variables to consider to monitoring breeding 

marsh birds at shallow lakes.  

 Finally, we described patterns in vegetation of these shallow lakes and determined their 

potential influence on breeding marsh birds. We found that younger restorations tended to have a 

greater richness of emergent species, while younger and older restorations had a similar number 

of submersed aquatic and floating-leaved species. While species such as Typha sp. and several 

floating-leaved species had their greatest frequencis of occurrence in older restorations, they 

appear to be declining after 6 to 7 years post-restoration. This could be due to prolonged 

inundation or changes in water chemistry (Kantrud 1989). At the same time, submersed aquatic 

vegetation, which is known to reinforce improved water quality and clarity in shallow lakes 

(Scheffer et al. 1993), was dominanated by species that can tolerate a wide range of water 

conditions. Less tolerant species had a negative relationship with restoration age. Overall, 

submersed aquatic vegetation showed a positive influence on marsh passerines, while Typha sp. 

positively influenced marsh passerines and secretive marsh birds (e.g., Virginia Rail). These 

restorations are improving the vegetation community, which seems to positively impact breeding 

marsh birds, but efforts may need to be taken to prevent them from returning to a turbid open 

state.  
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 This study provides detailed information on the response of migrating and breeding birds 

to restoration of large shallow lakes in the PPR in Iowa. Additional research may further improve 

our understanding of the quality of restored shallow lakes. In particular, research on forage 

availability and preference for birds and additional information on water chemistry and quality 

over time may help determine why bird or vegetation communities increase or decline post-

restoration. We hope these results will improve future management and conservation efforts on 

shallow lakes, and that our methods provide a template for future monitoring of waterbirds and 

breeding marsh birds using shallow lakes. 
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APPENDIX A. SURVEYED SHALLOW LAKES 

Table A.1. Iowa shallow lakes, along with their counties, the year they were restored (drawn 
down), and their areas for surveys conducted in the PPR of Iowa, spring and summer 2016 and 
2017.  

Wetland name County 
Year 

restored 
Survey 

area (ha) 

Big Wall Lake Wright 2006 349.8 

Burr Oak Lake Emmet 2009 42.16 

D.U. Marsh Clay 2011 35.07 

Dan Green Slough Clay 2008 120.35 

Diamond Lake Dickinson 2007 47.68 

Elk Lake Clay NA 105.42 

Elm Lake Wright NA 175.24 

Four-Mile Lake Emmet 2006 186.19 

Garlock Slough Dickinson NA 31.4 

Jemmerson Slough Dickinson 2008 83.24 

Jensen Slough Emmet NA 23.74 

Little Storm Lake Buena Vista 2011 77.79 

Little Swan Lake Dickinson 2017 127.78 

Lizard Lake Pocahontas 2011 114.32 

Marble Lake Dickinson 2013 71.04 

McQuown's Slough Emmet 2013 19.9 

Meredith Marsh Hancock 2011 17.35 

Morse Lake Wright NA 52.78 

Pickeral Lake Buena Vista 2010 68.47 

Pleasant Lake Dickinson NA 32.91 

Prairie Lake Dickinson NA 42.61 

Rice Lake Winnebago 2013 388.34 

South Twin Lake Calhoun NA 230.72 

Trumbull Lake Clay 2012 470.04 

Twelve-Mile Lake Emmet NA 89.53 

Ventura Marsh Cerro Gordo/Hancock 2012 203.27 

Virgin Lake Palo Alto 2011 89.05 

West Hottes Lake Dickinson 2014 72.56 

West Slough Emmet 2012 21.28 

West Swan Lake Emmet NA 373.41 
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APPENDIX B. WATERBIRDS 

Table B.1. All species observed and the total number (Abundance) of waterbirds counted across 
shallow lakes during surveys conducted in the spring of 2016 and 2017 in the Iowa PPR. 
Abbreviations (Code) used for each species were based on the U.S. Geological Survey’s Bird 
Banding Laboratory. 

Species observed 
 

Code Abundance 

Snow Goose Anser caerulescens SNGO 17,105 

Ross's Goose Anser rossii ROGO 1,787 

Greater White-fronted Goose Anser albifrons GWFG 39,696 

Cackling Goose Branta hutchinsii CACG 118 

Canada Goose Branta canadensis CANG 31,498 

Trumpeter Swan Cygnus buccinator TRUS 427 

Wood Duck Aix sponsa WODU 3,410 

Blue-winged Teal Anas discors BWTE 9,597 

Cinnamon Teal Anas cyanoptera CITE 2 

Northern Shoveler Anas clypeata NSHO 15,610 

Gadwall Anas strepera GADW 22,877 

American Wigeon Anas americana AMWI 1,470 

Mallard Anas platyrhynchos MALL 56,498 

American Black Duck Anas rubripes ABDU 4 

Northern Pintail Anas acuta NOPI 2,465 

Green-winged Teal Anas crecca GWTE 12,905 

Canvasback Aythya valisineria CANV 7,439 

Redhead Aythya americana REDH 6,701 

Ring-necked Duck Aythya collaris RNDU 34,494 

Lesser Scaup Aythya affinis LESC 45,747 

White-winged Scoter Melanitta fusca WWSC 1 

Long-tailed Duck Clangula hyemalis LTDU 2 

Bufflehead Bucephala albeola BUFF 5,053 

Common Goldeneye Bucephala clangula COGO 460 

Hooded Merganser Lophodytes cucullatus HOME 1,222 

Common Merganser Mergus merganser COME 1,913 

Red-breasted Merganser Mergus serrator RBME 316 

Ruddy Duck Oxyura jamaicensis RUDU 11,307 

Common Loon Gavia immer COLO 29 

Pied-billed Grebe Podilymbus podiceps PBGR 3,102 

Horned Grebe Podiceps auritus HOGR 90 

Red-necked Grebe Podiceps grisegena RNGR 76 
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Table B.1 continued 

Species observed 
 

Code Abundance 

Eared Grebe Podiceps nigricollis PBGR 134 

Western Grebe Aechmorphorus occidentalis WEGR 20 

Double-crested Cormorant Phalacrocorax auritus DCCO 2,583 

American White Pelican Pelecanus erythrorhynchos AWPE 4,633 

American Bittern Botaurus lentiginosus AMBI 31 

Least Bittern Ixobrychus exilis LEBI 6 

Great Blue Heron Ardea herodias GBHE 182 

Great Egret Ardea alba GREG 41 

Green Heron Butorides virescens GRHE 12 

Black-crowned Night-heron Nycticorax nycticorax BCNH 36 

White-faced Ibis Plegadis chihi WFIB 3 

Virginia Rail Rallus limicola VIRA 45 

Sora Porzana carolina SORA 181 

Common Gallinule Gallinula galeata COMO 13 

American Coot Fulica americana AMCO 119,125 

Sandhill Crane Grus canadensis SACR 8 

Black-necked Stilt Himantopus mexicanus BNST 2 

American Avocet Recurvirostra americana AMAV 5 

Black-bellied Plover Pluvialis squatarola BBPL 1 

Semipalmated Plover Charadrius semipalmatus SEPL 33 

Killdeer Charadrius vociferus KILL 99 

Hudsonian Godwit Limosa haemastica HUGO 1 

Ruddy Turnstone Arenaria interpres RUTU 3 

Stilt Sandpiper Calidris himantopus STSA 2 

Sanderling Calidris alba SAND 1 

Dunlin Calidris alpina DUNL 2 

Baird's Sandpiper Calidris bairdii BASA 1 

Least Sandpiper Calidris minutilla LESA 133 

White-rumped Sandpiper Calidris fuscicollis WRSA 56 

Pectoral Sandpiper Calidris melanotos PESA 91 

Semipalmated Sandpiper Calidris pusilla SESA 85 

Short-billed Dowitcher Limnodromus griseus SBDO 15 

Long-billed Dowitcher Limnodromus scolopaceus LBDO 12 

Wilon’s Snipe Gallinago delicata WISN 29 

Wilson's Phalarope Phalaropus tricolor WIPH 9 

Spotted Sandpiper Actitis macularius SPSA 180 

Solitary Sandpiper Tringa solitaria SOSA 31 

Greater Yellowlegs Tringa melanoleuca GRYE 58 
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Table B.1 continued 

Species observed 
 

Code Abundance 

Willet Tringa semipalmata WILL 5 

Lesser Yellowlegs Tringa flavipes LEYE 226 

Bonaparte's Gull Chroicocephalus philadelphia BOGU 10 

Franklin's Gull Leucophaeus pipixcan FRGU 970 

Ring-billed Gull Larus delawarensis RBGU 3,819 

Herring Gull Larus argentatus HEGU 3 

Caspian Tern Hydroprogne caspia CATE 62 

Black Tern Chlidonias niger BLTE 971 

Common Tern Sterna hirundo COTE 1 

Forster's Tern Sterna forsteri FOTE 715 
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APPENDIX C. TOTAL COVER AND RELATIVE ABUNDANCE 

 

 

Figure C.1. Mean total cover for (a) 2016 and (b) 2017 and mean relative abundance for (a) 2016 
and (b) 2017 of emergent species surveyed at shallow lakes in the PPR of Iowa. Black bars 
indicate 95% confidence intervals. 
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Figure C.2. Mean total cover for (a) 2016 and (b) 2017 and mean relative abundance for (c) 2016 
and (d) 2017 of floating-leaved species surveyed at shallow lakes in the PPR of Iowa. Black bars 
indicate 95% confidence intervals. 
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Figure C.3. Mean total cover for (a) 2016 and (b) 2017 and mean relative abundance for (c) 2016 
and (d) 2017 of submersed aquatic species surveyed at shallow lakes in the PPR of Iowa. Black 
bars indicate 95% confidence intervals. 


