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Abstract 

  

Migration is energetically expensive for shorebirds.  Wetland and coastal areas 

along migration routes provide critical stopover habitat and food resources for shorebirds 

to rest and replenish fat reserves needed to complete migration.  Migration strategies and 

use of stopover habitats may differ between inland and coastal migrating shorebirds.  

Further, loss of wetlands throughout inland North America has reduced the amount of 

stopover habitat available for migrating shorebirds.  Limited habitat can create shortages 

of food resources at major stopover locations which can cause energetic shortfalls that 

prevent shorebirds from completing migration in good body condition, potentially 

impacting survival and reproduction, thereby contributing to population declines. 

I conducted research at an inland stopover site to examine within and cross-

seasonal changes in shorebird body mass and to investigate relationships of body mass 

dynamics to stopover duration, food availability, and habitat conditions.  My 

investigation sought to determine if migrating shorebirds are resource limited, and if so, 

which season (autumn vs. spring) is most limiting.  Changes in shorebird body mass (e.g. 

loss or failure to gain adequate body mass) could indicate resource limitation.  

Assessments of stopover durations provide additional insight into potential resource 

limitations.  Direct assessments of invertebrate food resources and habitat conditions 

provide additional insight into potential limitations encountered by migrating shorebirds. 

Knowledge of food and habitat resources and potential energetic limitations along 
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shorebird migration routes is important for strategic habitat conservation planning 

because habitat objectives are set based on bioenergetics models that assume shorebirds 

are limited by habitat. 

I analyzed data from 9,018 shorebirds banded during autumn (2006-2013) and 

946 shorebirds banded during spring (2012-2013) migration at Winous Point Marsh 

Conservancy (WPMC) and Ottawa National Wildlife Refuge (ONWR) wetland 

complexes in the southwestern Lake Erie marsh region (LEMR).  This area is one of 

three shorebird stopover sites in the Midwest region identified as a Site of Regional 

Importance by the Western Hemisphere Shorebird Reserve Network.  

Analysis of within-season recaptures (n = 783) indicated that shorebirds gained 

body mass during autumn and generally maintained body mass during spring in the 

LEMR.  Rates of body mass gain were 0.28 g/day for least sandpiper, 0.55 g/day for 

semipalmated sandpiper, 1.10 g/day for pectoral sandpiper, and 1.49 g/day for short-

billed dowitcher over the full estimated stopover duration in autumn.  Autumn minimum 

stopover duration estimates were doubled to calculate full stopover durations in the 

LEMR of 12 days for semipalmated sandpiper (n = 301), 13 days for short-billed 

dowitcher (n = 69), 14 days for pectoral sandpiper (n = 35), and 16 days for least 

sandpiper (n = 281).  Rates of mass gain slowed and began to decline for semipalmated 

and least sandpipers after the full stopover duration period, but remained linear for 

pectoral sandpipers and short-billed dowitchers.  

I assessed habitat conditions and invertebrate food resources from saturated mud 

and shallow water ≤5 cm in areas on or near where shorebirds were banded.  Habitat 

conditions varied between and within seasons with weather patterns and wetland 
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management activities.  Primary shorebird foraging zones of saturated mud and shallow 

water ≤5 cm rarely dominated an area.  Food resources were highly variable across all 

seasons and sampling periods.  Means of median biomass levels ranged from a low of 

3.67 kg/ha (95% CI ±4.61) in spring to a high of 12.14 kg/ha (95% CI ±5.68) in autumn.   

My research results can inform bioenergetics models used to set habitat objectives 

for the Upper Mississippi River & Great Lakes Region Joint Venture’s Shorebird Habitat 

Conservation Strategy.  My estimated rates of body mass gain, full stopover duration, and 

food resource levels applied to the Joint Venture’s bioenergetics model increased 

estimated foraging habitat requirements for four species by 166% in order to maintain 

population levels estimated by the Joint Venture.  The bioenergetics model was heavily 

influenced by the stopover duration value used in the model.  Using full stopover 

duration estimates rather than minimum stopover duration estimates doubled the amount 

of habitat needed.  Results indicate that shorebirds may presently be limited by habitat 

and food resources in the Joint Venture’s planning region.  Spring season is likely more 

limiting for shorebirds based on reduced invertebrate forage biomass and lack of gains in 

body mass gains. 
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Chapter 1:  Introduction 

 

Abstract 

 Shorebirds migrate between wintering and breeding grounds, utilizing stopover 

sites to rest and replenish energy reserves to complete migration.  Populations of many 

shorebird species have been declining, and loss of adequate stopover habitat may be an 

important contributing factor.  Conservation of shorebird populations requires a 

developed understanding of their ecology to inform regional habitat conservation 

strategies.  I conducted field research in the southwestern Lake Erie marsh region, an 

inland shorebird stopover site, to examine potential relationships between shorebird body 

mass gain, stopover duration, food resources, and habitat conditions.  Mist nets were 

operated for over 12,200 hours on 353 days during migration in autumn 2006-2013 and 

spring 2012-2013.  I analyzed data from 9,964 shorebirds of 28 species during autumn 

and spring migration.  Resightings of color-marked birds indicated >90% of local 

movements (i.e. movements within a single stopover period) were <10 km.  My thesis 

further evaluates body-mass changes and stopover duration of recaptured individuals 

(Chapter 2); habitat conditions and invertebrate food resource levels (Chapter 3); and 

applies empirical data findings to the Upper Mississippi River & Great Lakes Region 

Joint Venture Shorebird Habitat Conservation Strategy bioenergetics model to strengthen 

estimates of foraging habitat requirements in the region (Chapter 4).   
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Introduction 

There are over 214 species of shorebirds (Charadrii) worldwide (Harrington et al. 

2002), most of which make bi-annual migrations that span up to 15,000 km between 

arctic breeding grounds and southern wintering areas (Skagen 2006). Some species 

complete migration via non-stop continuous flight, while others rely on “stopover” sites 

(Harrington et al. 2002, Skagen 2006).  Stopover sites are necessary to rest and replenish 

fat reserves (Harrington et al. 1991, Skagen and Knopf 1994a) that serve as energy 

sources during migration (Kersten and Piersma 1987). 

Several primary stopover sites for North American shorebirds are located along 

the oceanic coastline (e.g. Bay of Fundy, Delaware Bay, Fraser River Estuary, San 

Francisco Bay) (WHSRN 2015).  These coastal areas have attracted greater attention 

from researchers (e.g. Warnock and Bishop 1998, Butler et al. 2002, Atkinson et al. 2007, 

Hicklin and Chardine 2012, MacDonald et al. 2012) than inland stopover locations.  

However, partial or entire populations of 37 species of shorebirds migrate through mid-

continent North America (Skagen and Knopf 1993;1994a, Skagen et al. 1999) and inland 

migrants may be more at risk of population declines than coastal migrants (Thomas et al. 

2006).  Migration routes and strategies likely differ between coastal and inland migrants 

(Skagen and Knopf 1994b, Warnock and Bishop 1998, Skagen et al. 1999), creating 

different ecological relationships and habitat requirements.  For example, birds migrating 

through interior North America likely use wetlands as stopover sites, rather than staging 

areas (Skagen and Knopf 1994b) which can impact body mass dynamics (Goede et al. 

1990, Warnock 2010). 
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Several populations of North American shorebirds have declined in recent 

decades (Brown et al. 2000, Morrison et al. 2006).  Multiple factors have likely 

contributed to shorebird population declines, including survival along migration routes.  

Historic and continued loss of wetland habitats used by shorebirds during migration 

increases risk of mortality (Howe et al. 1989).  The number and quality of these crucial 

stopover sites are declining due to land use change and habitat degradation (Harrington et 

al. 2002).  Stopover sites provide necessary resources for shorebirds to complete 

migration and to survive and reproduce after they arrive on breeding ranges.  Krapu et al. 

(2006) suggested that the amount of fat stored by shorebirds during spring migration is 

influenced by the amount and condition of wetland habitats available in temperate 

regions of North America.  Shorebird survival could decrease during migration and 

contribute to continued population declines given the historic and continued loss of 

adequate stopover sites throughout temperate North America (Dahl 2011). 

Several international efforts have been undertaken to increase understanding of 

shorebird use of stopover locations.  The Western Hemisphere Shorebird Reserve 

Network (WHSRN) has identified 90 sites in 13 countries as important shorebird 

migration sites (WHSRN 2015).  The International Shorebird Survey (ISS) is a volunteer 

system organized by Manomet Center for Conservation Sciences to systematically survey 

and monitor shorebird populations during migration (Manomet 2015).  The ISS has 

produced nearly 80,000 shorebird census counts across more than 1,200 locations since it 

was initiated in 1974 (Manomet 2015).  The Program for Regional and International 

Shorebird Monitoring (PRISM) was developed in 2002 to monitor shorebirds in Canada 
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and the United States (Bart et al. 2002).  PRISM attempts to standardize survey methods 

across a variety of programs, including the ISS.   

Regional strategic habitat conservation strategies have been developed to focus 

efforts on stopover habitat for shorebirds at more local levels.  Joint Ventures are a major 

effort supporting these strategies in the United States.  Joint Ventures are regional 

partnerships of federal and state government agencies, Native American tribes, 

corporations, and non-governmental organizations focused on delivering landscape-scale 

conservation of migratory birds.  Regional strategies are typically based on stepping-

down national population goals to specific regions to efficiently deliver habitat 

conservation.  Strategies identify shorebird population deficits within the specific region 

and calculations are made to estimate how much stopover habitat is needed to support 

healthy shorebird populations. 

The Upper Mississippi River & Great Lakes Region (UMR&GLR) Joint Venture 

developed a Shorebird Habitat Conservation Strategy in 2007 (Potter et al. 2007) with the 

goal to: 

“establish efficient habitat conservation to maintain or increase carrying 

capacity for populations of priority shorebird species consistent with continental 

and JV regional goals.” 

 

 The strategy was constructed with the assumption that migratory shorebirds are 

limited by food resources at stopover locations within the UMR&GLR Joint Venture 

region. The strategy used bioenergetics models to estimate specific habitat area 

requirements for various shorebird species. Parameters in the model included estimates of 
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shorebird abundance, food energy requirements, stopover durations, and food resource 

levels (Potter et al. 2007).   

Effective conservation of shorebirds in the UMR&GLR Joint Venture region 

would benefit from increased understanding of metrics used to predict regional shorebird 

habitat needs.  Lacking sufficient data on shorebird migration ecology specific to the 

region, the UMR&GLR Joint Venture assumed reasonable values from the scientific 

literature for several parameters of their bioenergetics model.  Several research needs 

were identified to address those assumptions and improve the accuracy of the 

UMR&GLR Joint Venture bioenergetics model (Potter et al. 2007).  The UMR&GLR 

Joint Venture called for hypothesis-driven research to test the assumptions of the model, 

particularly in regard to the energetic carrying capacity of habitats and stopover duration 

in the UMR&GLR Joint Venture region (Potter et al. 2007).  Empirical estimates of 

shorebird body mass dynamics, stopover duration, and food biomass in the UMR&GLR 

Joint Venture region would strengthen the biological foundations of the Shorebird 

Habitat Conservation Strategy. Additionally, comparisons of habitat conditions and food 

resources between spring and autumn migration would help identify which season is most 

limiting to shorebird populations.  Delivery of regional habitat conservation efforts by the 

UMR&GLR Joint Venture would improve with empirical data on each of these factors 

relative to shorebird migration ecology.  

My research aimed to provide greater understanding of inland shorebird migration 

ecology specific to the UMR&GLR Joint Venture’s region to improve the biological 

foundations of the 2007 Shorebird Habitat Conservation Strategy (Potter et al. 2007).  H. 

Thomas Bartlett and Tom Kashmer initiated a study of shorebird habitat use and site 
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fidelity in the southwestern Lake Erie marsh region during autumn migration 2006.  

These efforts resulted in the capture and banding of 5,267 shorebirds of 22 species during 

autumn migration, 2006-2010 (Table 1).  Body mass and morphometrics were recorded 

for nearly all of the banded birds, including recaptures.  They compiled a large data set of 

recaptures within migration seasons and across years, creating the opportunity to analyze 

within and cross-seasonal changes in body masses of recaptured birds.   

My project used similar methodologies to expand on this initial work during 

spring and autumn of 2012 and 2013.  The specific goals of my research were to analyze 

within and cross-seasonal changes in body mass and to investigate relationships of body 

mass dynamics to stopover duration, food availability and habitat conditions.   My 

investigation sought to determine if migrating shorebirds are resource limited in the 

LEMR, and if so, which season is most limiting.  Changes in body mass could indicate 

potential habitat and/or food resource limitations. A loss in mass during a stopover in the 

LEMR would suggest that shorebirds are limited by food resources. However, food 

resource limitation may still be important for shorebirds that are gaining mass if they are 

not able to increase mass at an adequate rate in order to complete migration.  Estimates of 

minimum stopover duration provide an indication of the length of time required for birds 

to obtain the appropriate level of energy reserves necessary to continue migration. 

However, stopover duration is hard to interpret; e.g., longer stopovers may indicate either 

food resource limitations areas of high quality habitat.  Direct assessments of invertebrate 

food resources and habitat conditions provide additional insights into potential limitations 

encountered by migrating shorebirds. 
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My research provides empirical data for some of the parameters used in the 

UMR&GLR Joint Venture Shorebird Habitat Conservation Strategy’s bioenergetics 

model to better inform habitat conservation needs in the region.  There is limited 

information available in the literature on body mass changes and stopover durations of 

migrating shorebirds, particularly within inland regions like the UMR&GLR Joint 

Venture region.  This thesis addresses body mass conditions and changes, stopover 

duration, habitat dynamics, and food resource levels applicable to the UMR&GLR Joint 

Venture region.   

General Methodology 

Study Area   

The Lake Erie Marsh Region (LEMR), spanning from the town of Huron in 

northwestern Ohio to the mouth of the Detroit River in southeastern Michigan (Figure 1), 

has been identified as a site of Regional Importance for shorebird migration by the 

WHSRN (WHSRN 2015).  This area was historically a large wetland region known as 

the Great Black Swamp prior to being drained in the late 1800’s to promote settlement 

and agricultural uses.  Northwestern Ohio contains 90% of the remaining wetlands in the 

state (Bookhout et al. 1989).  The southwestern portion of LEMR is now dominated by 

agricultural land uses, interspersed with tracts of managed marshes in private and public 

ownership, and offers natural shoreline habitat within river estuaries along the Lake Erie 

coast.  Habitat composition is relatively similar (agriculture-dominated landscape, with 

managed marshes and natural shorelines) to three other primary shorebird inland stopover 

sites in the UMR&GLR Joint Venture identified by WHSRN (WHSRN 2015): 

Chautauqua National Wildlife Refuge along the Illinois River, Swan Lake National 
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Wildlife Refuge in northern Missouri, and Squaw Creek National Wildlife Refuge along 

the Missouri-Nebraska border. 

Field data were collected primarily within and around two large wetland 

complexes in the LEMR.  The Winous Point Marsh Conservancy (WPMC) consists of 

approximately 2,025 ha of privately owned marshes surrounding Muddy Creek Bay.  

Marshes within WPMC are managed to promote native vegetation and species diversity 

with emphasis on producing food and habitat that attract waterfowl for hunting.  This 

area also includes estuarine zones at the mouth of Muddy Creek where mudflats are 

exposed during episodes of relatively strong southwest winds (seiche event).  Shorebird 

Figure 1.  The Lake Erie Marsh Region spans from Huron, Ohio to the mouth of the 

Detroit River (left, red box).  Shorebird research was conducted within two sites in the 

Lake Erie Marsh Region (right): Ottawa National Wildlife Refuge (red), a coastal lake 

site, and Winous Point Marsh Conservancy (yellow), an inland site located on Muddy 

Creek Bay. (Images adapted from Google, Inc.) 
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banding and habitat assessments focused primarily within five impoundments at the 

WPMC site, including one privately-owned impoundment just outside the WPMC 

property boundary.   These impoundments were natural marsh habitats that were restored 

during the past 15-50 years.  The estuarine zone provided a sixth habitat focal area within 

WPMC. 

Ottawa National Wildlife Refuge (ONWR) is located along the coastline of Lake 

Erie, approximately 23 km northeast of WPMC.  Owned and managed by the U.S. Fish & 

Wildlife Service (FWS), ONWR is approximately 2,630 ha.  ONWR also has a large 

estuarine zone at the mouth of Crane Creek; mudflats expand in this area as lake levels 

decline with south to southwest prevailing winds.  Shorebird banding and habitat 

assessments focused primarily within six impoundments; the Crane Creek estuary 

provided a seventh location for banding and habitat assessments.  Most of these 

impoundments provided natural marsh habitats, managed to produce shallow water and 

mudflats suitable for shorebird use.  One impoundment, the “Boss Unit”, has an 

ephemeral wetland, which was disked annually to maintain the unit in an early 

successional condition and most closely resembled an idle flooded crop field. 

Diverse habitats within and around ONWR and WPMC are known to be used by 

shorebirds.  Both complexes primarily comprise impounded marshes where water levels 

are manipulated to create desired habitat conditions.  Each property has natural estuarine 

areas at river mouths that can provide shorebird habitat under the proper weather 

conditions (wind, rainfall).  These estuary and coastline habitats tend to be preferred 

habitats, but are unpredictable and not regularly available during shorebird migration 

(Baranowski 2007).  Both complexes are surrounded by row crop fields that are 
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sometimes used by shorebirds when flooded by heavy rains in the spring before crops are 

planted, or in late autumn after crops are harvested.   

Shorebird Capture and Marking 

Shorebirds are captured with a variety of methods, including walk-in traps, mist 

nets, noose carpets, hand-pulled nets, and rocket nets (Bub 1991, Gratto-Trevor 2004). 

Capture techniques vary with location, season, species, and study objectives. I captured 

shorebirds using 36 mm mesh and occasionally 61 mm polyester or nylon mist nets (12 m 

x 2.6 m).  Capture efforts were focused during the months of peak shorebird migration.  

Spring migration typically peaks during late April to early June and autumn migration 

typically peaks in late July through October in northwest Ohio (Shieldcastle 2012).  Mist 

nets were deployed across a gradient of moderately deep water (approx. 20 cm) to dry 

mud; 8 to 20 nets were used per banding location, depending on the size of the area.  Nets 

were moved periodically as habitat conditions and shorebird distributions changed; net 

locations were adjusted but remained within areas where habitat conditions and food 

resources were measured in 2012 and 2013.  Nets were opened approximately 45-75 

minutes before dawn; shorebirds are more active at this time of day and low light levels 

helped to conceal the nets (Gratto-Trevor 2004).  Flocks of birds foraging near nets were 

occasionally flushed into open nets to increase capture rates. We did not attempt to 

capture shorebirds in winds >4.5 m/s; such winds would have greatly reduced capture 

rates and increased risk of injury to birds in nets.   

The 36 mm size mesh reduced the capture rate for larger species of shorebirds 

(e.g. short-billed dowitcher); the smaller mesh prevented larger birds from becoming 

entangled in the net and allowed them to escape.  However, this size net was well suited 
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to capturing smaller shorebirds (e.g. dunlin, least sandpiper), and did not cause as many 

injuries to smaller species as the larger 61 mm mesh size would have (H.T. Bartlett, 

personal communication).  As a result, shorebird capture records were biased toward 

smaller species and did not necessarily reflect the relative abundance of species using the 

area.   

Mist nets were placed in areas where shorebirds where known or expected to 

congregate.  Capture locations were not randomized, but strategically selected to increase 

capture rates.  Randomization of capture sites in the study area would have been an 

impractical given the research objectives.  Mist nets may also bias captures toward 

juvenile and heavier or lighter weight birds due to variations in flight experience and 

maneuverability (Gratto-Trevor 2004). 

Attempts also were made to capture shorebirds using a funnel trap and a whoosh 

net.  A shorebird funnel trap (Bub 1991) was set up during a seiche event in an estuarine 

zone near several hundred foraging shorebirds.  Shorebirds actively foraged near the trap 

for several hours, but no birds entered the enclosure.  A whoosh net (Hawkseye Nets, 

Virginia Beach, Virginia) was used on two occasions to successfully capture shorebirds; 

however, use of the whoosh net was discontinued.  The whoosh net had a small 

(approximately 4m x 5m) capture area that made it difficult for several shorebirds to be 

captured at one time.  Two birds were captured successfully despite many hours of 

capture effort.  The released net pinned birds down in the marsh mud and required them 

to be cleaned before weighing and release.  This might have biased weight measurements 

and placed the birds at unnecessary risk.   
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Capturing shorebirds with funnel traps and whoosh nets may have been 

complicated by habitat conditions.  Deep footprints surrounded the structures after field 

personnel set the walk-in trap or whoosh net.  Although attempts were made to minimize 

footprints, they could not be prevented and may have deterred shorebirds from walking 

into the capture area.  Therefore, mist netting was determined to be the best method of 

capture for the conditions.   

Captured birds were marked with individually numbered aluminum or stainless 

steel leg bands.  Detailed descriptions for recorded measurements and other data 

collected on captured shorebirds are available in Chapter 2.  The breast feathers of least 

sandpipers, semipalmated sandpipers, short-billed dowitchers, pectoral sandpipers, lesser 

yellowlegs, dunlin, semipalmated plover, and killdeer were color-marked using felt-

tipped indelible non-toxic marking pens (Sharpie®) during 2012 and 2013 seasons.  

These species were chosen for color-marking because they represented >95% of all 

shorebirds captured during autumn migrations 2006-2011 (see Results below).  Unique 

color-marking patterns indicated the location where the bird was first captured and 

banded.  Resightings of color-marked birds indicated the local spatial movements and 

geographic range of habitats utilized by birds banded at a specific location.  Field 

personnel scanned flocks for color-marked shorebirds along pre-planned routes within 

and surrounding ONWR and WPMC.  Routes were established based on known and 

potential shorebird foraging areas within 15 km of ONWR and WPMC boundaries.  

Surveys were conducted twice per week along each route.  Occasional effort was made to 

resight color-marked birds at wetlands >15 km from property boundaries.  Resightings 
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were also solicited from the local bird watching community via email listservs and 

informational handouts at primary bird watching locations.   

The Ohio State University Institutional Animal Care and Use Committee 

approved these protocols for capturing and handling shorebirds (#2011A00000135). 

Results 

Shorebird captures. - We banded 9,964 shorebirds of 28 species during autumn 

migrations 2006-2013 and spring migrations 2012-2013.  Most common species captured 

included: semipalmated sandpiper (n = 2,787, 27.97%), least sandpiper (n = 2,742, 

27.52%), pectoral sandpiper (n = 799, 8.02%), dunlin (n = 770, 7.73%), killdeer (n = 748, 

7.51%), short-billed dowitcher (n = 746, 7.49%), lesser yellowlegs (n = 495, 4.97%), and 

semipalmated plover (n = 364, 3.65%).  These eight species account for 94.86% of all 

captures (n = 9,451).  We tallied 12,210 net-hours on 353 days during banding operations 

2006-2013, producing an overall capture rate of 0.82 shorebirds per net hour.   

Autumn migration (July – November) accounted for 9,018 captures (Table 1) and 

10,754.5 net-hours over 299 days (Table 2) for a capture rate of 0.84 individual 

shorebirds banded per net hour across all years.  Limited banding was conducted at 

WPMC during autumns 2006 (8 days) and 2007 (11 days).  Bandings were conducted 

>40 days at WPMC and ONWR during autumn 2008-2013.  Autumn banding effort (net-

hours) did not differ significantly between years during 2008-2013 (P > 0.131), but did 

differ between sites in 2012 (P = 0.017).   

Spring migration (March – June) banding efforts produced 946 captures of 

individual shorebirds (Table 3) representing 13 species over 54 banding days and 1,456.9 

net-hours (Table 4), for a capture rate of 0.65 individual shorebirds banded per net hour 
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across both years.  Banding effort (net-hours) did not differ between years (P = 0.945), or 

between sites within years (2012 P = 0.557; 2013 P = 0.082).   

Species composition of captures and within-season capture rates differed between 

autumn and spring, limiting my ability to directly compare migration seasons.  

Semipalmated and least sandpipers were the most numerous species captured during 

autumn, each counting for nearly 30% of all autumn captures (n = 2,676, n = 2,659 

respectively).  Dunlin accounted for 1.8% of autumn captures (n = 159), but was the most 

numerous species captured during spring migration, accounting for 64.6% (n = 611) of all 

spring captures.  Semipalmated and least sandpiper were the second and third most 

captured species in spring with 111 (11.7%) and 83 (8.8%) individuals captured, 

respectively. We recaptured 763 individual shorebirds within a single autumn migration 

season, for an overall within-season recapture rate of 8.5%.  The vast majority (76%) of 

within-season recaptures during autumn were semipalmated (n = 301, 39.4%) and least 

sandpipers (n = 281, 36.8%).  Banding during spring migration produced only 20 within-

season recaptures, an overall rate of 2.1%.  Dunlin accounted for 60% (n = 12) of within-

season recaptures during spring, but only 0.4% (n = 3) in autumn.    
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Table 1. Summary of autumn migration (July-November) shorebird captures in the 

southwestern Lake Erie marsh region, 2006-2013.  Full species names are available in 

Appendix A. 

Species 

Code 

Year 

TOTAL  % 2006 2007 2008 2009 2010 2011 2012 2013 

AMGP 0 0 0 0 0 1 1 1 3 0.03 

BASA 0 0 0 0 4 0 0 1 5 0.06 

BBPL 0 0 0 0 0 2 1 0 3 0.03 

BBSA 0 0 0 0 3 1 0 0 4 0.04 

DUNL 0 0 5 100 6 43 3 2 159 1.76 

GRYE 0 1 1 1 0 2 7 9 21 0.23 

HUGO 0 0 0 0 0 1 0 0 1 0.01 

KILL 4 1 115 114 118 97 172 117 738 8.18 

LBDO 0 2 0 4 1 0 0 0 7 0.08 

LESA 24 81 556 467 452 304 444 331 2659 29.49 

LEYE 6 18 46 84 104 27 138 61 484 5.37 

MAGO 0 0 1 1 1 0 0 0 3 0.03 

PESA 1 18 112 127 134 12 304 67 775 8.59 

REKN 1 0 0 0 0 4 0 0 5 0.06 

RNPH 0 0 0 1 7 1 0 6 15 0.17 

RUTU 0 0 0 0 0 0 1 0 1 0.01 

SAND 0 0 0 0 2 0 0 0 2 0.02 

SBDO 142 75 106 128 138 73 21 60 743 8.24 

SEPL 6 1 52 39 39 90 47 33 307 3.40 

SESA 38 74 539 517 476 410 410 212 2676 29.67 

SOSA 0 0 13 13 6 1 27 11 71 0.79 

SPSA 0 3 16 13 9 18 12 3 74 0.82 

STSA 1 1 24 33 13 15 3 7 97 1.08 

UPSA 0 0 0 0 0 1 0 0 1 0.01 

WESA 0 0 2 4 2 2 1 1 12 0.13 

WIPH 0 0 0 0 0 0 2 1 3 0.03 

WISN 1 6 1 5 2 2 9 95 121 1.34 

WRSA 0 0 3 1 1 21 0 2 28 0.31 

All Species 224 281 1592 1652 1518 1128 1603 1020 9018 100.00 
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Table 2. Mist netting effort summarized in total net-hours and banding days for autumn shorebird migration (July-November) 

in the southwestern Lake Erie marsh region, 2006-2013.  An * indicates years in which more than one banding location was 

utilized on a single day.  Birds were captured at Winous Point Marsh Conservancy (WPMC) and Ottawa National Wildlife 

Refuge (ONWR). 

 
Location 

Net-hours (banding days)  
All years 

2006 2007 2008 2009 2010 2011 2012 2013 

WPMC 213 (8) 392 (11) 450 (15) 699 (20) 1,331 (34) 962 (19) 1,463 (38) 899 (30) 6,410 (175) 

ONWR . . 954 (25) 1,109 (29) 377 (13) 1,105 (30) 405 (19) 393 (13) 4,344 (129) 

 
  

       
  

All locations 213 (8) 392 (11) 1,404 (40) 1,808 (49) 1,708 (46)* 2,067 (49) 1,868 (54)* 1,292 (42)* 10,754 (299)* 

1
6
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Table 3. Summary of spring migration (March-June) shorebird captures in the 

southwestern Lake Erie marsh region, 2012-2013.  

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Mist netting effort summarized in total net-hours and banding days for spring 

shorebird migration (March - June) in the southwestern Lake Erie marsh region, 2012-

2013. Birds were captured at Winous Point Marsh Conservancy (WPMC) and Ottawa 

National Wildlife Refuge (ONWR).  

 

 

 

 

Species 

 Year 

TOTAL  % 

Species 

Code 2012 2013 

Dunlin DUNL 255 356 611 64.6 

Greater Yellowlegs GRYE 1 0 1 0.1 

Killdeer KILL 5 5 10 1.1 

Least Sandpiper LESA 33 50 83 8.8 

Lesser Yellowlegs LEYE 4 7 11 1.2 

Pectoral Sandpiper PESA 22 2 24 2.5 

Short-billed Dowitcher SBDO 0 3 3 0.3 

Semipalmated Plover SEPL 11 46 57 6.0 

Semipalmated Sandpiper SESA 13 98 111 11.7 

Solitary Sandpiper SOSA 4 0 4 0.4 

Spotted Sandpiper SPSA 4 18 22 2.3 

Wilson's Snipe WISN 3 0 3 0.3 

White-rumped Sandpiper WRSA 4 2 6 0.6 

All Species  359 587 946 100.0 

Location 
Net-hours (banding days) 

All years 
2012 2013 

WPMC 433 (19) 545 (20) 978 (39) 

ONWR 303 (10) 175 (5) 478 (15) 

    All locations 736 (29) 720 (25) 1,456 (54) 
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Local movements.- I captured and color-marked 3,311 shorebirds of the selected 

eight species during spring and autumn 2012-2013 and conducted 187 surveys of 

WPMC, ONWR, and surrounding wetland habitats.  A total of 950 resightings of color-

marked birds were recorded across all seasons.  Color-marked shorebirds were observed 

at a mean distance of 2.4 km (95% CI ±0.36 km) from initial capture locations across all 

seasons and species, with 555 resightings (58.4%) within the wetland unit where 

shorebirds were captured (Figure 2).  Of the resighted birds that indicated movement (n = 

395, 41.6%), the mean distance was 5.74 km (95% CI ± 0.76 km) from the original 

banding location.  Over 92% of resightings (n = 876) occurred with 10 km of the original 

banding location.  Resighting distances of shorebirds banded at WPMC did not differ 

from birds banded and resighted at ONWR (P = 0.692) or between autumn and spring (P 

= 0.425).  Observed local movements are consistent with other inland shorebird stopover 

sites (Farmer and Parent 1997).  Color-markings were temporary and seemed to remain 

viable for resighting for 4-6 weeks. 
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Figure 2.  Distances (km) at which color-marked shorebirds were resighted from their 

original banding location during autumn and spring migrations in the southwest Lake 

Erie marsh region, 2012-2013.  Resighting distances did not differ between seasons (P = 

0.425) 
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Weather conditions.- Weather and habitat conditions seemed to affect capture 

rates and total numbers of birds captured.  Autumn 2013 was a wet year, with rainfall in 

June and July exceeding average precipitation in those months (19.8 cm) by nearly 100% 

(37.5 cm total in 2013) (Freemont, Ohio; NCEI).  Abnormally high rainfall flooded 

habitats to deep water conditions early in the season, generally making them unavailable 

to shorebirds.  Abnormal rainfall also raised water levels in the rivers and Lake Erie, 

making seiche events less likely to occur (Appendix B).  Water pumping efforts by 

WPMC produced limited shorebird habitat in some impoundments by late August.  The 

federal government shutdown in autumn 2013 caused budget constraints that restricted 

ONWR’s ability to operate pumps and create shorebird habitat throughout the autumn 

migration season.  Coinciding, autumn 2013 produced the lowest autumn capture rate of 

0.49 birds per net hour but our highest within-season recapture rate of 16.5%; presumably 

the high within-season recapture rate was due to the restricted habitat availability which 

may have constrained shorebirds, causing them to remain in the same location (i.e. near 

our nets).   

Seasonal precipitation in 2012 was consistent with mean levels from 1981-2012 

(NCEI).  Another wet year occurred in 2011, with heavy amounts of precipitation during 

spring (NCEI).  Annual and monthly variation in precipitation and other weather 

conditions (i.e. wind) can cause large fluctuations in the quantity and quality of habitats 

available to shorebirds.   Fluctuations in Lake Erie water levels caused in part by 

precipitation levels can impact water management activities by WPMC and ONWR.  

Lower lake levels can deter marsh managers from conducting draw downs of 

impoundments during early autumn due to concerns of retaining enough water for 
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waterfowl in late autumn (personal observation).  However, lower lake levels can also 

result in more frequent and larger seiche events that are beneficial to shorebirds 

(Baranowski 2007). 

Between-season recaptures and distant recoveries.- Bandings conducted during 

2006-2013 produced several recoveries of banded shorebirds within and outside of the 

Lake Erie marsh region.  While this information is not directly pertinent to the objectives 

of this thesis, it provides a direct link between the LEMR and the UMR&GLR Joint 

Venture’s region to other areas used by these shorebirds and indicates some site fidelity 

in migrant shorebirds.  We recaptured 76 individuals (0.95%) in subsequent years during 

autumn migration and 2 individuals (0.55%) during spring in the LEMR.  One individual 

semipalmated sandpiper was banded as a hatch year bird during autumn 2008 in the 

LEMR and was recaptured twice in 2010 and once again in 2012.   

A total of five shorebirds banded during the study were recovered in four other 

locations (0.05% recovery rate).  Two short-billed dowitchers were recovered in the 

Florida Everglades, USA.  A hunter harvested and reported a banded Wilson’s snipe near 

Reidsville, Georgia, USA.  A dunlin was struck and killed by aircraft on a military base 

near Beaufort, South Carolina, USA.  A semipalmated sandpiper was recovered twice 

within several days near Turiaco, Maranhao, Brazil.  Our research team also recovered a 

least sandpiper during autumn migration 2011 in ONWR that was banded by French 

researchers on Martinique Island in 2003. 

Discussion 

My study collected empirical data on body mass, body mass change, and stopover 

duration of shorebirds migrating through the southwestern Lake Erie marsh region 
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(LEMR).  My research also assessed habitat conditions and food resource levels 

experienced by migrating shorebirds.  The goal of my research was to provide insights 

that could help determine if shorebirds are resource limited in the southwestern LEMR, 

and if so, which season is likely most limiting.  The empirical data collected by my 

research applies directly to the bioenergetics model used by the JV.  Updates to the JV 

model using the empirical data from my research can improve estimates of shorebird 

habitat needs and delivery of regional habitat conservation.   

The content of this thesis is organized into three subsequent chapters around each 

of my research goals and objectives: 

 

 Chapter 2 examines shorebird body mass dynamics and the relationship between 

body mass change and stopover duration.  Multiple regression techniques were 

used to model changes in body mass of shorebirds during their stopover.  Mean 

daily rates of mass change were calculated for four species and comparisons in 

body mass are made between spring and autumn migrations. 

 

 Chapter 3 assesses habitat and food resource conditions encountered by 

shorebirds migrating through the study area.  Dynamics of habitat conditions are 

evaluated alongside food resource levels within those habitats during spring and 

autumn migration.  A primary objective of this chapter is to estimate the food 

biomass level that sustained estimated rates of body mass change presented in 

Chapter 2. 
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 Chapter 4 applies research results from Chapters 2 and 3 to the UMR&GLR 

Joint Venture’s bioenergetics model and overall habitat conservation strategy. 

Research results are summarized to address spring vs. autumn limitation.  Revised 

foraging habitat requirements based on the empirical data in this thesis are 

provided for select species to better inform the establishment of habitat objectives 

to meet population goals identified in the UMR&GLR Joint Venture’s Shorebird 

Habitat Conservation Strategy.   
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Chapter 2: Body-mass dynamics and stopover duration of migrating shorebirds in the 

southwestern Lake Erie marsh region  

 

Abstract 

Long-distance flight relies on quality stopover sites to provide resting and 

foraging habitat for shorebirds to complete migration.  Shorebirds have been shown to 

gain substantial amounts of fat tissue at stopover sites, which is used to fuel 

energetically-expensive migratory flights.  Migrating shorebirds were captured using mist 

nets in the southwestern Lake Erie marsh region during spring (March – June) 2012-2013 

and autumn (July – November) 2006-2013.  Within-season recaptures (n = 783) were 

analyzed to estimate the mean rate of body mass changes relative to minimum stopover 

duration.  Generalized linear models predicted rates of body mass change to be non-linear 

for semipalmated and least sandpipers and linear for pectoral sandpipers and short-billed 

dowitchers.  Mean rates of body mass change based on top-ranked models were 0.55 

g/day for semipalmated sandpipers, 0.28 g/day for least sandpipers, 1.10 g/day for 

pectoral sandpipers, and 1.49 g/day for short-billed dowitchers during autumn migration.  

Estimates of minimum stopover duration (MSD) during autumn for these four species 

were 6.2 (n = 301, 95% CI ±0.6), 7.7 (n = 281, 95% CI ±0.8), 6.9 (n = 35, 95% CI ±2.0) 

and 6.5 (n = 69, 95% CI ±1.2) days, respectively.  Full stopover durations (FSD) were 

estimated by doubling MSD and are supported by body mass dynamics and recapture 

rates.  Body-mass models of semipalmated and least sandpipers that remained after FSD 
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indicate slower rates of mass gain.  Evidence from this study suggests spring migrants 

generally maintained or lost mass during shorter stopover durations compared to autumn. 

Migrant shorebird body mass dynamics and stopover durations indicate potential habitat 

and food-resource limitation in the southwestern Lake Erie marsh region.  Body mass 

dynamics and stopover durations can be used to inform bioenergetic modeling to predict 

shorebird foraging habitat needs for the region. 

Introduction 

Migration is an energetically-expensive activity linking most Western hemisphere 

shorebird species between breeding habitats in arctic latitudes and wintering areas in 

Central and South America.  Migrating shorebirds rely on wetland habitats along their 

migration route to rest and replenish energy reserves before continuing migration 

(Kersten and Piersma 1987, Harrington et al. 1991, Skagen and Knopf 1994a).  Wetland 

habitats provide food resources for shorebirds to replenish fat reserves that provide 

energy to continue migration.   

 Substantial increases in body mass, primarily in the form of fat tissue have been 

recorded in shorebirds at major wetland and coastal areas during spring and autumn 

migration seasons (Driedzic et al. 1993).  Rate and magnitude of body mass change vary 

with species, migration strategy, stage of migration, and habitat conditions.  Shorebirds 

attempting to reach breeding grounds in spring may need to gain fat reserves more 

rapidly than in autumn to keep up with the pace of a faster spring migration (Nilsson et 

al. 2013).  Birds need to arrive on arctic breeding grounds at the appropriate time to 

maximize their overall fitness.  Early arrivals may need to survive during harsh winter 

conditions on the breeding grounds (Gudmundsson et al. 1991); later arrivals may lack 
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suitable breeding sites or time to fledge young (Myers 1981).  Sexual dimorphism may 

account for some variability in rate of mass gain; e.g. variation in culmen length  

(females are typically larger, Krapu et al. 2006) may facilitate different foraging rates and 

access to different food sources (Jonsson and Alerstam 1990).   

 Species-specific migration strategy and stage of migration likely play a larger role 

in determining rate of mass gain and stopover duration of individual shorebirds (Choi et 

al. 2009).  Shorebird migration strategies vary widely; some species stage in one location 

for a long period of time before “jumping” long distances, while other species refuel 

briefly in one location before “hopping” shorter distances to the next stopover site 

(Skagen et al. 1999).  Staging birds (Warnock 2010) are preparing for the large energetic 

challenge of flying relatively long distances.  Birds staging may gain more mass at a 

faster rate in one location before travelling long distances to their next stopover location.  

Birds using “short-hop” or “widespread” strategies (Skagen et al. 1999) may gain smaller 

amounts of mass during briefer stopover periods and make more stops during migration.  

Each of these strategies involves tradeoffs among time spent migrating, the need to 

secure energy reserves to complete migration successfully, timing of arrival on 

breeding/wintering grounds, and risk of mortality (e.g. predation) (Farmer and Wiens 

1999, Hope et al. 2011). 

 My primary objective was to estimate rates of body-mass change and stopover 

duration of spring- and autumn-migrating shorebirds at an inland stopover site in marshes 

associated with the southwestern Lake Erie basin.  Results provide insights into the mean 

rate of body mass changes relative to stopover duration in the Great Lakes coastal 

marshes and could indicate the relative condition of habitats in the region.  For instance, 
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if shorebirds are shown to not gain mass during stopover, habitat quantity or quality may 

not be adequate to support shorebirds in the region.  Based on the Shorebird Habitat 

Conservation Strategy for the Upper Mississippi River and Great Lakes Region Joint 

Venture (Potter et al. 2007), I hypothesized that all shorebirds would gain mass at a rate 

of 1 g/day during stopover durations of 1-5 or 5-10 days, depending on species.   

Study Area 

The southwestern Lake Erie marsh region (LEMR) in northwestern Ohio and 

southeastern Michigan is a major stopover location for migratory shorebirds.  Over 

20,000 shorebirds migrate through this area annually (WHSRN 2015), but some surveys 

indicate this estimate is conservative (Baranowski 2007, Shieldcastle 2012).  The LEMR 

is one of two sites identified by the Western Hemisphere Shorebird Reserve Network 

(WHRSN) as an important shorebird migration site in the Great Lakes region.  The 

LEMR consists of numerous habitat types known to be used by migrating shorebirds, 

including managed marshes, agricultural fields, and “estuarine” zones where rivers and 

creeks discharge into Lake Erie or Muddy Creek and Sandusky Bays (Baranowski 2007).  

Muddy Creek Bay opens into the larger Sandusky Bay that opens to Lake Erie.  I focused 

my research within two areas in the LEMR:  Ottawa National Wildlife Refuge (ONWR) 

and Winous Point Marsh Conservancy (WPMC).   

 ONWR is managed by the U.S. Fish & Wildlife Service and is located along the 

coast of Lake Erie.  WPMC is managed by a private conservancy focused on restoring 

and managing marshes for native vegetation and waterfowl hunting opportunities.  

WPMC is an inland site, surrounding the north and south shores of Muddy Creek Bay.  

Both sites consist primarily of managed marsh units where water levels are typically 
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manipulated to produce desired vegetation communities.  Each site periodically provides 

open mudflats and shallow water needed by spring- and autumn-migrating shorebirds.  

Estuarine zones were available to shorebirds during weather conditions characterized by 

low recent precipitation and sustained moderate (>4.5 m/s) winds from the south to 

southwest that pushed lake water away from the shore and thereby exposing mudflats that 

are preferred by shorebirds (Baranowski 2007). 

Methods 

Shorebird capture 

Shorebirds were captured during spring (April – June) and autumn (July – 

November) migration using mist net arrays placed in areas where shorebirds concentrated 

to maximize capture rates.  Eight to 20 standard [12m x 2.5m, 4 tram, 36mm 

(occasionally 61mm) mesh] polyester or nylon mist nets were deployed with varying 

orientation and distance from water’s edge where shorebirds were known to be present.  

Nets were typically opened 45-75 minutes before sunrise.  Banding operations were not 

conducted on mornings with winds >4.5 m/s or during periods of precipitation, as these 

conditions can harm birds caught in nets and reduced capture rates (H.T. Bartlett, 

personal communication).  Nets were under nearly constant surveillance and captured 

birds were removed every 30-45 minutes.  Capture attempts did not occur over more than 

four consecutive days at a single location to minimize any potential behavioral impacts 

human activity had on the birds.   

Each captured and recaptured bird was processed at a nearby banding table and 

released on site (<400 m from capture location).  Newly captured birds were banded on 

the tibia with an individually numbered federal aluminum or stainless steel leg band.  
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Measurements were taken of the exposed culmen, tail length, tarsus length, and wing 

chord following Pyle (2008).  Sex was assigned based on wing chord, exposed culmen, 

and tarsus measurements according to ranges defined by Pyle (2008).  Molt status was 

used during autumn migration to assign age category as either hatch year (HY) or after-

hatch year (AHY); birds were assigned AHY during spring migration.  Birds were 

generally weighed within 1 hour of capture and all birds were weighed within 3 hours of 

capture using a digital scale (Ohaus® HH320 ±0.2 g).   

The Ohio State University Institutional Animal Care and Use Committee 

approved these protocols for capturing and handling shorebirds (#2011A00000135). 

Data analysis 

Initial body mass and wing chord. – I summarized the initial body mass and wing 

chord measurements of each species captured during spring and autumn migrations.  

Annual differences in initial body mass and wing chord and comparison of spring versus 

autumn body masses at first capture were examined using ANOVA with Tukey’s Honest 

Significant Differences Test (α = 0.05).   

Stopover duration. – Minimum stopover duration (MSD) was defined as the 

number of days between initial capture and final recapture of an individual (Schaub et al. 

2001, Chernetsov 2012).  I calculated MSD for each individual shorebird captured on >1 

day within a single migration season for the entire LEMR study site.  As shorebirds are 

known to migrate both during day and night (Lank 1989), I did not modify the calculated 

MSD to account for either nocturnal or diurnal migration; i.e. a bird captured on two 

consecutive days had a MSD of one day (Kaiser 1999).  I assumed an equal probability of 

recapture for all individuals, i.e. individuals on the last day of their stopover were as 
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likely to be recaptured as individuals on their first day of stopover.  This would result in a 

quasi-random sample of the shorebird population migrating through the region each day. 

 Mean MSD was calculated for each species for which at least one individual was 

recaptured during the same migration season.  Annual differences in mean MSD were 

tested for species with sufficient numbers of recaptures (>30) using ANOVA.  Tukey’s 

Honest Significant Differences test was used to separate years with significant 

differences (α = 0.05) in mean MSD after a significant global F-test. 

 Body-mass dynamics. – Changes in shorebird body mass were modeled in R 

version 3.0.2 (2013).   Candidate model sets were developed from potential explanatory 

variables for the top four recaptured species:  semipalmated sandpiper (SESA), least 

sandpiper (LESA), short-billed dowitcher (SBDO), and pectoral sandpiper (PESA) (see 

Appendix A for a list of all species captured).  I inspected scatterplots and conducted 

preliminary analyses to examine non-linear or non-homogeneous relationships between 

daily mass gain and days since initial capture.  Initial tests were conducted with linear 

models, piecewise regression, and second and third degree polynomials using minimum 

stopover duration as the single explanatory variable.  ANOVA tests determined that 

second degree polynomials produced better fits than linear models.  Piecewise regression 

of SESA and LESA produced better fits than polynomial models.    

The number of days between initial and final capture (MSD) was included in all 

candidate models.  Data sets included only the first and final capture events; any 

additional capture events for an individual were not included.  Wing chord (mm) was 

included in all models except the null model and a linear model that only included 

minimum stopover duration (MSD). The relationship between stopover duration and 
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mass change was my primary interest and wing chord was used to account for variation 

in individual body size.  Other variables in the candidate model sets were site 

(categorical, 2 values), year (categorical, 8 values), age (categorical, 2 values), and initial 

body mass (continuous).  Meaningful second-order interaction terms among some of 

these variables were also included in some candidate models.   

Akaike’s Information Criterion (AIC) was used to rank candidate models. Daily 

rates of body mass change were calculated from the regression coefficients of the 

highest-ranked model and reported for each of the four species.  Models including 

polynomial terms were differentiated to calculate the rate of mass increase for each day 

of stopover.   

Results 

Autumn migration 

Initial body mass and wing chord. -  Mean initial body mass for each year was 

examined for species with >30 captures over >1 year (n = 8, Table 5).  Significant 

differences in body mass among years (P < 0.05) were detected for six species, SESA, 

LESA, PESA, SBDO, KILL, LEYE, but not for DUNL (P = 0.159) or SEPL (P = 0.289).  

Tukey’s Honest Significant Difference test indicated that SESA averaged lower mass in 

2007 than in any other year (2008-2013) and were lighter in 2006 compared to 2009.  

LESA averaged lower mass in 2013 compared to 2008, 2011, and 2012 (p-values < 

0.0016).  LEYE were also lighter in 2013 compared to 2009 and 2010.  PESA and SBDO 

generally had more mass in 2010.  SBDO also had more mass in 2007 than in 2006, 

2009, 2011, or 2012.   
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 Four species had significant differences (P < 0.05) in wing chord between at least 

two years; SESA, LESA, PESA, SBDO (Table 6).   Wing chord measurements of SESA 

averaged longer in 2010 compared to 2007, 2009, 2011, 2012 (P < 0.005), while captured 

birds in 2011 had longer wings than in 2009 (P = 0.010).  Wing chord measurements of 

LESA were longer in 2013 than in both 2007 and 2008 (P < 0.009).  Wing chords of 

PESA averaged longer in 2010 than every year (P < 0.032) by at least 3.9 mm, except 

2006 and 2011.  Differences in wing chord length of PESA did not exceed 1.8 mm in all 

other years.  Wing chords were shorter for SBDO in 2006 than in all other years except 

2007 (P < 0.038). 
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Table 5. Mean initial body mass and 95% confidence intervals for 28 shorebird species 

captured during autumn migration (July-November) in the southwestern Lake Erie marsh 

region, 2006-2013. Initial mass differed significantly (P < 0.05) between at least two 

years for six species. 

Species 

Species 

Code n 

Mean 

Initial 

Mass (g) 

± 95% 

CI  

ANOVA 

among years; 

F, P 

American Golden-Plover AGPL 3 120.4 15.3 . 

Baird’s Sandpiper BASA 5 35.4 4.7 . 

Black-bellied Plover BBPL 3 209.5 26.6 . 

Buff-breasted Sandpiper BBSA 4 46.4 4.7 . 

Dunlin DUNL 158 55.3 0.9 1.618, 0.159 

Greater Yellowlegs GRYE 21 176.1 8.3 . 

Hudsonian Godwit HUGO 1 277.1 . . 

Killdeer KILL 733 83.8 0.5 6.773, < 0.001 

Long-billed Dowitcher LBDO 7 102.9 9.9 . 

Least Sandpiper LESA 2666 24.1 0.2 4.691, < 0.001 

Lesser Yellowlegs LEYE 482 90.3 1.4 2.418, 0.019 

Marbled Godwit MAGO . . . . 

Pectoral Sandpiper PESA 773 74.4 1.2 8.592, < 0.001 

Red Knot REKN 5 95.3 6.0 . 

Red-necked Phalarope RNPH 18 32.9 2.2 . 

Ruddy Turnstone RUTU 1 111.7 . . 

Sanderling SAND 2 53.8 10.4 . 

Short-billed Dowitcher SBDO 736 103.3 1.0 9.452, < 0.001 

Semipalmated Plover SEPL 310 45.8 0.9 1.225, 0.289 

Semipalmated Sandpiper SESA 2723 29.4 0.2 5.427, < 0.001 

Solitary Sandpiper SOSA 70 56.2 2.4 . 

Spotted Sandpiper SPSA 73 42.7 2.1 . 

Stilt Sandpiper STSA 96 60.0 2.0 . 

Upland Sandpiper UPSA 1 130.9 . . 

Western Sandpiper WESA 11 31.4 4.5 . 

Wilson's Phalarope WIPH 3 34.9 2.6 . 

Wilson's Snipe WISN 120 100.9 1.4 . 

White-rumped Sandpiper WRSA 27 45.2 2.2 . 
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Table 6. Mean wing chord measurement and 95% confidence intervals for all species 

captured during autumn (July-November) migration, 2006-2013, in the southwestern 

Lake Erie marsh region.  Four species had significant (P < 0.05) differences among years. 

 

 

Species 

Species 

Code n 

Mean Wing 

Chord (mm) ± 95% CI 

ANOVA among 

years; F, P 

American Golden-Plover AGPL 3 176.0 3.92 . 

Baird’s Sandpiper BASA 5 124.8 2.43 . 

Black-bellied Plover BBPL 3 184.3 6.82 . 

Buff-breasted Sandpiper BBSA 4 131.3 7.22 . 

Dunlin DUNL 159 119.1 0.47 0.272, 0.928 

Greater Yellowlegs GRYE 21 190.2 2.60 . 

Hudsonian Godwit HUGO 1 202.0 . . 

Killdeer KILL 737 159.5 0.43 1.657, 0.116 

Long-billed Dowitcher LBDO 7 143.0 2.80 . 

Least Sandpiper LESA 2659 87.3 0.09 6.391, <0.001 

Lesser Yellowlegs LEYE 482 154.8 0.55 1.318, 0.239 

Marbled Godwit MAGO 3 232.7 10.14 . 

Pectoral Sandpiper PESA 774 131.3 0.48 8.377, <0.001 

Red Knot REKN 5 160.0 3.28 . 

Red-necked Phalarope RNPH 15 109.4 2.36 . 

Ruddy Turnstone RUTU 1 154.0 . . 

Sanderling SAND 2 125.0 1.96 . 

Short-billed Dowitcher SBDO 742 143.2 0.28 5.454, <0.001 

Semipalmated Plover SEPL 307 119.6 0.33 0.419, 0.89 

Semipalmated Sandpiper SESA 2677 94.6 0.10 8.857, <0.001 

Solitary Sandpiper SOSA 71 128.7 0.79 . 

Spotted Sandpiper SPSA 74 102.8 1.06 . 

Stilt Sandpiper STSA 97 128.9 0.71 . 

Upland Sandpiper UPSA 1 163.0 . . 

Western Sandpiper WESA 12 98.7 4.33 . 

Wilson's Phalarope WIPH 3 122.0 14.80 . 

Wilson's Snipe WISN 121 129.9 0.66 . 

White-rumped Sandpiper WRSA 28 120.7 1.37 . 
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Stopover duration. - I captured 763 individuals on ≥2 occasions within the same 

autumn migration season for an overall within-season recapture rate of 8.5% (Table 7).  

Sixteen species had at least one within-season recapture, and four of those species 

accounted for 90% of all within-season recaptures: SESA (n = 301, 39.4%), LESA (n = 

281, 36.8%), SBDO (n = 69, 9%), and PESA (n = 35, 4.6%).  

LESA had the longest mean minimum stopover duration (7.73 days, 95% CI 

±0.84, Table 8), and minimum stopover duration varied among years (F = 2.901, P = 

0.009).  Tukey’s Honest Significant Difference test indicated that LESA averaged shorter 

stopover duration in 2010 compared to 2008 (4.8 days, P = 0.0191) and 2011 (5.9 days, P 

= 0.034).  SESA, PESA, and SBDO all had similar mean minimum stopover durations 

(SESA = 6.2 days, 95% CI ±0.58; PESA = 6.9 days, 95% CI ±2.10; SBDO = 6.5 days, 

95% CI ±1.20), and did not show differences among years (F < 1.823, P > 0.082) (Table 

8).  At least one individual from each of these four species had a minimum stopover 

duration ≥24 days, with one LESA captured 48 days after initial banding (Table 8). 
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Table 7. Within-season recaptures of all shorebird species captured during autumn (July-

November) migration in the southwestern Lake Erie marsh region, 2006-2013.  The table 

indicates individuals that were recaptured ≥1 instance during the same migration season 

and does not necessarily indicate the total number of recapture events. 

Species 

Code 2006 2007 2008 2009 2010 2011 2012 2013 

TOTAL 

2006-

2013 % 

AGPL 0 0 0 0 0 0 0 1 1 0.1 

BASA 0 0 0 0 0 0 0 1 1 0.1 

BBPL 0 0 0 0 0 0 0 0 0 0.0 

BBSA 0 0 0 0 0 0 0 0 0 0.0 

DUNL 0 0 0 3 0 0 0 0 3 0.4 

GRYE 0 0 0 0 0 0 0 0 0 0.0 

HUGO 0 0 0 0 0 0 0 0 0 0.0 

KILL 0 0 4 4 5 2 9 5 29 3.8 

LBDO 0 0 0 0 0 0 0 0 0 0.0 

LESA 0 11 56 20 40 20 66 68 281 36.8 

LEYE 0 0 0 2 1 0 2 0 5 0.7 

MAGO 0 0 0 0 0 0 0 0 0 0.0 

PESA 0 0 1 7 3 0 18 6 35 4.6 

REKN 0 0 0 0 0 0 0 0 0 0.0 

RNPH 0 0 0 0 1 1 0 2 4 0.5 

RUTU 0 0 0 0 0 0 0 0 0 0.0 

SAND 0 0 0 0 0 0 0 0 0 0.0 

SBDO 13 5 5 0 17 3 0 26 69 9.0 

SEPL 0 0 3 2 1 7 5 5 23 3.0 

SESA 6 6 49 37 79 21 54 49 301 39.4 

SOSA 0 0 0 0 0 0 1 0 1 0.1 

SPSA 0 0 1 0 0 1 1 0 3 0.4 

STSA 0 0 1 0 0 0 0 0 1 0.1 

UPSA 0 0 0 0 0 0 0 0 0 0.0 

WESA 0 0 0 1 0 0 0 0 1 0.1 

WIPH 0 0 0 0 0 0 0 0 0 0.0 

WISN 0 0 0 0 0 0 0 5 5 0.7 

WRSA 0 0 0 0 0 0 0 0 0 0.0 

 

          All 

Species 
19 22 120 76 147 55 156 168 763 100 
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Table 8. Mean minimum stopover duration (days) for recaptured shorebird species during 

autumn (July-November) migration in the southwestern Lake Erie marsh region, 2006-

2013.  Minimum stopover duration was calculated as the number of days between the 

initial capture and the final recapture event for an individual. 

Species 

Species 

Code n 

mean 

(days) ±95% CI min max 

American Golden-Plover AMGP 1 4.0 . . . 

Baird’s Sandpiper BASA 1 1.0 . . . 

Dunlin DUNL 3 20.0 14.8 6 32 

Killdeer KILL 29 7.8 2.1 1 22 

Least Sandpiper LESA 281 7.7 0.8 1 48 

Lesser Yellowlegs LEYE 5 11.4 9.9 1 26 

Pectoral Sandpiper PESA 35 6.9 2.0 1 29 

Red-necked Phalarope RNPH 4 5.0 1.8 3 7 

Short-billed Dowitcher SBDO 69 6.5 1.2 1 24 

Semipalmated Plover SEPL 23 7.6 2.7 1 24 

Semipalmated Sandpiper SESA 301 6.2 0.6 1 31 

Solitary Sandpiper SOSA 1 16.0 . . . 

Spotted Sandpiper SPSA 3 10.7 9.1 3 19 

Stilt Sandpiper STSA 1 10.0 . . . 

Western Sandpiper WESA 1 12.0 . . . 

Wilson's Snipe WISN 5 8.8 4.7 3 15 
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Body-mass dynamics. – Scatterplots and boxplots of mass change as a function of 

minimum stopover duration revealed non-linear relationships for SESA and LESA 

(Figure 3).  Mass change appeared to level within 10-20 days of initial capture for each 

species.  Final recaptures also became abruptly sparse after 12 days for SESA and 

notably so for LESA after 17 days.  I investigated fits of non-linear models to capture this 

pattern.  Second-degree polynomials had a better fit than linear models (SESA: F = 

46.775, P < 0.0001; LESA: F = 18.82, P < 0.0001), with both components being 

significant for SESA and LESA (P < 0.005).  Third-degree polynomials did not have a 

significantly better fit than second-degree polynomials (SESA: F = 0.064, P = 0.801; 

LESA: F = 2.204, P = 0.139).  

 

Figure 3.  Scatterplots of mass change (g) as a function of minimum stopover duration 

(days) for recaptured semipalmated sandpiper (SESA, A) and least sandpiper (LESA, B).  

Red curves plot second-degree polynomial functions of minimum stopover duration. 

  

A B 
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I further evaluated SESA and LESA scatterplots using piecewise regression.  The 

leveling off of mass gain at 10-20 days suggested that there may be two distinct 

relationships between minimum stopover duration and change in body mass for these 

species.  The breakpoint was determined by selecting the split in the data that minimized 

residual mean square error.  This break occurred at 13 days for SESA and 14 days for 

LESA.  The fit of piecewise models was improved over polynomial models (SESA P < 

0.001, F = 13.823; LESA P <0.001, F = 36.881).   

The LESA and SESA data were separated into two subsets for analysis of body 

mass change based on the break point of the piecewise regression models.  The short 

minimum stopover duration (SSD) data subset included birds with known stopover 

duration ≤13 days for SESA and ≤14 days for LESA.  The long minimum stopover 

duration (LSD) data set included birds with known stopover duration ≥14 days for SESA 

and ≥15 days for LESA.  Candidate model sets for SSD of SESA and LESA data set 

included 57 models.  The LSD data sets had much smaller sample sizes so candidate 

model sets included only six linear models and excluded the year and age covariates.  

There was no evidence of non-homogeneous relationships for PESA or SBDO, so those 

species were analyzed without separating time periods with piece-wise regression.  The 

candidate model set for PESA and SBDO included nine models and six of these included 

polynomial terms.   

Semipalmated sandpiper.- The highest-ranked SSD model for SESA included 

covariates of initial mass, capture site, and an interaction term of initial mass and site, in 

addition to the polynomial minimum stopover duration term and wing chord (Table 9).  

All variables except the second-degree polynomial were significant (P < 0.001).  Beta 
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coefficients (Table 15) indicated that birds with higher initial mass gained less mass 

during the remainder of their stopover (β = -0.50, SE = 0.08).  Birds captured at WPMC 

also gained less mass (β = -9.12, SE = 2.39) compared to ONWR.  Coefficients for 

minimum stopover duration and wing chord were positive, indicating that birds with 

longer wing chords and longer SSD gained more mass. The model was significant (P < 

0.001, F = 55.65, R
2
 = 0.552, Figure 4). 

The highest-ranked LSD model for SESA included the covariates minimum 

stopover duration, wing chord, and initial mass (Table 10).  The next highest-ranked 

model (ΔAIC 1.02) included capture site, while the third competing model (ΔAIC 1.68) 

was the null model, indicating that no models had any support from the data.  Beta 

coefficients for the highest-ranked LSD model were similar to those for the SSD model, 

though only initial mass was significant (Table 15).  The model was nearly significant (P 

= 0.088, F = 2.56) with R
2
 = 0.299 (Figure 4Figure 4).   
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Table 9. Candidate short  stopover duration (SSD) models for semipalmated sandpiper (SESA) body mass dynamics. MSD = 

minimum stopover duration.  Models were determined on n = 279 SESA recaptured in the southwestern Lake Erie marsh region 

during autumn (July-November) migration, 2006-2013. 

Rank Model Factors k AICC ΔAICC w.AICC 

1 MSD + MSD
2
 + Wing + Initial Mass + Site + Initial Mass * Site 7 1403.9 0 0.818 

2 MSD + MSD
2 
+ Wing + Initial Mass + Year + Site + Initial Mass * Site 14 1407.0 4.63 0.081 

57 [null] 1 1614.7 210.84 0.000 

 

 

Table 10. Candidate long stopover luration (LSD) models for semipalmated sandpiper (SESA) body mass dynamics. MSD = 

minimum stopover duration. Models were determined on n = 22 SESA recaptured in the southwestern Lake Erie marsh region during 

autumn (July-November) migration, 2006-2013. 

 

 

 

 

 

Rank Model Factors k AICC ΔAICC w.AICC 

1 MSD + Wing + Initial Mass  4 127.0 0 0.388 

2 MSD + Wing + Initial Mass + Site 5 128.0 1.02 0.233 

3 [null] 1 128.7 1.68 0.167 

4 MSD 2 129.9 2.94 0.089 

4
1
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Figure 4. Semipalmated sandpiper (SESA) body mass dynamics based on the highest-

ranked short stopover duration (≤13 days) and long stopover duration (≥14 days) models.  

Data for each model were split at 13 days to minimize mean square error.  Shorebirds were 

captured during autumn (July-November) migration in the southwest Lake Erie marsh 

region, 2006-2013. 
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Least sandpiper.- The highest-ranked SSD model for LESA included initial mass 

and age in addition to the minimum stopover duration polynomial term and wing chord 

(R
2
 = 0.213; Figure 5Figure 5) and was significant (P < 0.001, F = 12.57).  The second 

degree polynomial, initial mass, and age were all significant (P < 0.024).  The beta 

coefficient for initial mass was negative, indicating that birds with higher initial mass 

gained less mass during the first 14 days since initial capture.  The model also indicated 

hatch year (HY) birds gained less mass than adults.  The second-ranked model (ΔAIC 

1.38) included an interaction term of initial mass and age (Table 11).   

 The highest-ranked LSD model for LESA included minimum stopover duration, 

wing chord, initial body mass, and site as covariates (R
2
 = 0.423, Figure 5, Table 12) and 

was significant (P < 0.001, F = 6.43).  Minimum stopover duration and initial mass were 

significant variables (P < 0.034).  Beta coefficients for initial mass and site indicated that 

birds with higher initial mass and birds captured at WPMC gained less mass (Table 15).  
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Table 11. Candidate short stopover duration (SSD) models for least sandpiper (LESA) 

body mass dynamics. MSD = minimum stopover duration. Models were determined on n 

= 241 LESA recaptured in the southwestern Lake Erie marsh region during autumn (July-

November) migration, 2006-2013. 

Rank Model Factors k AICC ΔAICC w.AICC 

1 MSD + MSD
2
 + Wing + Initial Mass + Age 6 1214.0 0 0.415 

2 MSD + MSD
2
 + Wing + Initial Mass + Age + Initial Mass * Age 7 1215.3 1.38 0.208 

3 MSD + MSD
2 
+ Wing + Initial Mass + Age + Wing * Age 7 1215.9 1.98 0.154 

4 MSD + MSD
2 
+ Wing + Initial Mass + Age + Year 12 1219.2 4.87 0.036 

57 [null] 1 1265.5 51.19 0.000 

 

 

Table 12. Candidate long stopover duration (LSD) models for least sandpiper (LESA) 

body mass dynamics. MSD = minimum stopover duration. Models were determined on n 

= 40 LESA recaptured in the southwestern Lake Erie marsh region during autumn (July-

November) migration, 2006-2013. 

 

Rank Model Factors k AICC ΔAICC w.AICC 

1 MSD + Wing + Initial Mass + Site  6 172.3 0 0.720 

2 MSD + Wing + Initial Mass 5 175.5 3.25 0.142 

3 MSD + Wing + Initial Mass + Site + Initial Mass * Site 6 247.0 1.77 0.219 

4 MSD 2 257.7 12.50 0.001 

5 [null] 1 259.1 13.84 0.001 
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Figure 5.  Least sandpiper (LESA) body mass dynamics based on top-ranked short 

stopover duration (≤14 days) and long stopover duration (≥15 days) models.  Data for 

each model were split at 14 days to minimize mean square error.  Shorebirds were 

captured during autumn (July-November) migration in the southwest Lake Erie marsh 

region, 2006-2013. 
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Pectoral sandpiper.- The highest-ranked model for PESA included only the 

minimum stopover duration term (R
2
 = 0.556; Figure 6, Table 13).  The term was 

significant (P < 0.001) and the beta coefficient was positive, indicating birds that stayed 

longer gained more mass (Table 15).   

 

 

Table 13. Candidate models for pectoral sandpiper (PESA) body mass dynamics. MSD = 

minimum stopover duration. Models were determined on n = 35 PESA recaptured in the 

southwestern Lake Erie marsh region during autumn (July-November) migration, 2006-

2013. 

Rank Model Factors k AICC ΔAICC w.AICC 

1 MSD 2 230.0 0 0.524 

2 MSD + MSD
2
 3 232.0 2.05 0.188 

3 MSD + Wing 3 232.4 2.39 0.158 

9 [null] 1 256.1 26.16 0.000 
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Figure 6. Pectoral sandpiper (PESA) body mass dynamics based on the selected model.  

PESA are predicted to gain mass at 1.1 g/day.  Shorebirds were captured during autumn 

(July-November) migration in the southwestern Lake Erie marsh region, 2006-2013. 
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Short-billed dowitcher.-  All recaptured SBDO were hatch-year birds, and 64 of 

69 recaptured birds were banded at WPMC.  The highest-ranked model was linear and 

only included minimum stopover duration (R
2
 = 0.401; Figure 7), which was highly 

significant (P < 0.001).  The beta coefficient for minimum stopover was positive (Table 

15), indicating that birds which stayed longer gained more mass.  The second-ranked 

model (ΔAIC 0.85) was linear and included wing chord, while the third-ranked model 

(ΔAIC 1.66) was a second-degree polynomial that only included minimum stopover 

duration (Table 14). 

 

Table 14. Candidate models for short-billed dowitcher (SBDO) body mass dynamics. 

MSD = minimum stopover duration. Models were determined on n = 69 SBDO 

recaptured in the southwestern Lake Erie marsh region during autumn (July-November) 

migration, 2006-2013. 

Rank Model Factors k AICC ΔAICC w.AICC 

1 MSD 2 483.1 0 0.370 

2 MSD + Wing 3 483.9 0.85 0.242 

3 MSD + MSD
2
 3 484.7 1.66 0.161 

4 MSD + MSD
2 
+ Wing 4 485.6 2.57 0.102 

9 [null] 1 514.8 31.75 0.000 
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Figure 7. Short-billed dowitcher (SBDO) body mass dynamics based on selected the 

model.  SBDO are predicted to gain mass at 1.5 g/day.  Shorebirds were captured during 

autumn (July-November) migration in the southwestern Lake Erie marsh region, 2006-

2013.   
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Table 15. Beta coefficients for highest-ranked models of body mass dynamics of 

semipalmated sandpiper (SESA), least sandpiper (LESA), pectoral sandpiper (PESA), 

and short-billed dowitcher (SBDO) captured during autumn (July-November) migration 

2006-2013 in the southwestern Lake Erie marsh region.  CSD = condensed stopover 

duration; PSD = prolonged stopover duration.  All models were significant (P < 0.0005) 

except for the SESA PSD model (P = 0.088). 

Model Covariate β SE t-value P 

SESA   

    CSD   

    

 

Min. Stop. ^2 0.0087 0.0151 0.577 0.5642 

 
Min. Stop 0.6692 0.1961 3.413 0.0007 

 
Wing 0.2594 0.0734 3.533 0.0005 

 
Initial Mass -0.5020 0.0757 -6.631 <0.0001 

 
Site (WPMC) -9.1184 2.3889 -3.817 0.0002 

 
Initial Mass: Site (WPMC) 0.3073 0.0849 3.622 0.0004 

 

  

    PSD   

    

 

Min. Stop. -0.1279 0.1840 -0.695 0.4959 

 

Wing 0.1657 0.2751 0.602 0.5545 

 
Initial Mass -0.6020 0.2383 -2.526 0.0211 

 

  

    LESA   

    CSD   

    
 

Min. Stop. ^2 0.0316 0.0139 2.273 0.0240 

 
Min. Stop -0.1345 0.1956 -0.688 0.4924 

 
Wing 0.1360 0.0840 1.618 0.1069 

 
Initial Mass -0.1912 0.0495 -3.859 0.0001 

 
Age (HY) -1.7341 0.5519 -3.142 0.0019 

 
  

    PSD   

    
 

Min. Stop -0.2421 0.1096 -2.209 0.0338 

 
Wing 0.1565 0.3500 0.447 0.6577 

 
Initial Mass -1.0922 0.2430 -4.494 <0.0001 

 
Site (WPMC) -2.9901 1.6502 -1.12 0.0786 

 
  

    PESA   

    

 
Min.Stop 1.0950 0.1704 6.427 <0.0001 

 

  

    SBDO   

      Min.Stop 1.4909 0.2276 6.551 <0.0001 
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Rates of Mass Change.-  The highest-ranked models were used to calculate the 

mean mass change per day for each of the four species.  The model for PESA and SBDO 

indicated a linear rate of mass gain.  PESA were estimated to gain 1.10 g/day of stopover 

from the beta coefficient of the model, while SBDO gained 1.49 g/day (Table 16).  Rates 

of SESA and LESA mass change were calculated by differentiating the highest-ranked 

models for SSD.  The differential equation was used to calculate the rate of mass increase 

for each day of stopover and the average rate was used to estimate rate of mass change 

per day for each species.  SESA had a mean rate of mass change of 0.55 g/day over a 13 

day stopover period.  Mean daily rate of mass change for LESA was 0.28 g/day over a 14 

day stopover period.  Of note, the highest-ranked LSD model for LESA predicted a slight 

loss of mass during the first three days of stopover.   

 

Table 16.  Mean mass change per day during autumn migration in the southwestern Lake 

Erie marsh region as calculated by selected models of body mass change for each 

shorebird species.  Calculations omit categorical variables (age, site, interaction term of 

site*mass) from the models. 

 

 

 

 

 

 

Estimates of daily rates of mass change varied widely within individuals among 

the four species.  Some individuals of all four species lost mass after several days.  

Individual SESA mass change ranged from -5.0 g/day to 2.5 g/day.  SBDO displayed the 

widest range, from -2.9 g/day to 6.5 g/day. 

Species 

Species 

Code 

Δ mass 

per day 

(g) 

% 

initial 

mass 

Semipalmated Sandpiper SESA 0.55 1.87 

Least Sandpiper LESA 0.28 1.16 

Pectoral Sandpiper PESA 1.10 1.48 

Short-billed Dowitcher SBDO 1.49 1.45 
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 LESA, SESA, and PESA lost mass (-1.4 to -0.1 g) after 1 day post-capture, 

possibly suggesting a capture effect (Figure 8).  Birds recovered their initial mass loss by 

day 2, and averaged positive mass gains thereafter.  SBDO did not lose mass after 1 day, 

and body mass continue increase. 

  

Figure 8.  Mean mass change per day for individual shorebirds recaptured within 1 to 5 

days of initial capture indicate a potential capture effect on body mass for four species 

analyzed: semipalmated sandpiper (SESA), least sandpiper (LESA), pectoral sandpiper 

(PESA), short-billed dowitcher (SBDO).  Birds were captured during autumn (July-

November) migration in the southwest Lake Erie marsh region.  Bars represent 95% 

confidence intervals. 

A B 

C D 
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Spring migration 

Initial body mass. – Initial body mass did not differ among years for species with 

≥10 captures per year (n = 4, P ≥ 0.173) (Table 17).  Body mass at initial capture differed 

from autumn for three of the eight most captured species (P < 0.026, Table 18).  SESA 

averaged 1.3 g (95% CI ±1.02) heavier during autumn compared to spring migration (P = 

0.013).  SEPL and KILL had higher initial body masses during spring compared to 

autumn migration (SEPL P < 0.0001, KILL P = 0.026).  SEPL were 5.15 g (95% CI 

±2.24) heavier in spring, while KILL were 5.34 g (95% CI ±4.69) heavier during spring. 

 

Table 17. Initial body mass comparison between spring (March-June, 2012-2013) and 

autumn (July-November, 2006-2013) for eight most-captured shorebird species in the 

southwestern Lake Erie marsh region. 

 

Stopover duration. - I recaptured 20 individuals within the same spring migration 

season for an overall within-season recapture rate of 2.1% (Table 19).  Four species had 

at least one within-season recapture; DUNL (n = 12) accounted for 60% of all within-

  

Species 

code 

Spring Autumn Difference (g) ANOVA  

Species n 

Mean 

(g) n 

Mean 

(g) 

 Spring vs. 

Autumn F, P 

Dunlin DUNL 615 54.6 158 55.3 -0.7 2.188, 0.139 

Killdeer KILL 10 89.1 733 83.8 5.3 5.004, 0.026 

Least Sandpiper LESA 82 23.8 2666 24.1 -0.3 0.383, 0.536 

Lesser 

Yellowlegs 
LEYE 11 88.2 482 90.3 -2.1 0.192, 0.662 

Pectoral 

Sandpiper 
PESA 24 76.2 773 74.4 1.8 0.296, 0.586 

Short-billed 

Dowitcher 
SBDO 3 111.6 736 103.3 8.3 1.081, 0.299 

Semipalmated 

Plover 
SEPL 57 50.9 310 45.8 5.1 20.5, <0.001 

Semipalmated 

Sandpiper 
SESA 111 28.0 2723 29.4 -1.3 6.235, 0.013 
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season recaptures. Mean minimum stopover duration for DUNL was 8.2 days (95% CI 

±3.1), with one individual recaptured 17 days after initial capture (Table 20). 

Body mass dynamics. – Body mass change of recaptured individuals varied 

widely.  Most (58%) DUNL gained mass during spring stopover, but 5 (41.6%) lost mass 

between capture events, including some that lost mass over several days (Table 20).  

Averaging all individuals, DUNL maintained body mass (n = 12, x̅ = -0.04 g/day, 95% 

CI ±0.77).  SESA had positive mean rate of mass change (n = 3, x̅ = 0.96 g/day, 95% CI 

±0.26).   

Table 18. Mean initial body mass and 95% confidence limits for each of the 13 shorebird 

species captured during spring (March-June) migration in the southwestern Lake Erie 

marsh region, 2012-2013. Initial mass did not differ significantly (α = 0.05) between 

years for the 4 species with ≥10 captures in both years. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Species 

Species 

Code n 

Mean 

Initial 

Mass (g) 

± 95% 

CI 

ANOVA 

among years; 

F, P 

Dunlin DUNL 615 54.6 0.45 1.863, 0.173 

Greater Yellowlegs GRYE 1 195.7 . . 

Killdeer KILL 10 89.1 2.82 . 

Least Sandpiper LESA 82 23.8 0.68 1.853, 0.177 

Lesser Yellowlegs LEYE 11 88.2 5.78 . 

Pectoral Sandpiper PESA 24 76.2 1.71 . 

Short-billed Dowitcher SBDO 3 111.6 18.72 . 

Semipalmated Plover SEPL 57 50.9 1.79 0.225, 0.637 

Semipalmated Sandpiper SESA 111 28.0 0.66 1.623, 0.205 

Solitary Sandpiper SOSA 4 46.5 9.74 . 

Spotted Sandpiper SPSA 22 41.6 1.79 . 

Wilson's Snipe WISN 3 108.6 12.30 . 

White-rumped Sandpiper WRSA 6 39.9 4.28 . 
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Table 19. Within-season recaptures of shorebirds banded during spring (March-June) 

migration in the southwestern Lake Erie marsh region, 2012-2013.   

Species 

Species 

Code 2012 2013 

TOTAL 

2012-2013 

% all 

recaptures 

Dunlin DUNL 3 9 12 60 

Semipalmated Plover SEPL 0 3 3 15 

Semipalmated Sandpiper SESA 0 3 3 15 

Spotted Sandpiper SPSA 1 1 2 10 

 

   

  

 

All Species  4 16 20 100 

 

Table 20. Individual shorebirds recaptured during spring (March-June) migration in the 

southwestern Lake Erie marsh region.  MSD = minimum stopover duration. 

 

 

Year Species 

Species 

Code Band 

Initial Mass 

(g) MSD (days) 

Mass 

Change (g) 

2012 Dunlin DUNL 1801-39807 47.2 6 3 

 1801-39811 52.1 15 -0.3 

 2331-74972 56.4 4 -0.3 

   

    Spotted Sandpiper SPSA 2441-84216 37 4 1.4 

             

     

    2013 Dunlin DUNL 2421-14087 46.3 9 0.1 

 2421-14125 53.4 2 -3.5 

 2421-14195 52.7 14 15.4 

 2421-14704 56.1 1 -3.3 

 2421-14708 48.5 9 11.1 

 2421-14783 53.1 13 11.8 

 2421-14822 55.8 17 1.6 

 2421-14838 48.6 3 4.5 

 2451-22387 59.6 5 -3.7 

   

    Semipalmated Plover SEPL 2421-14892 49.9 11 9.5 

 2421-14908 42.2 11 12.3 

 2421-14913 52.9 2 -6.4 

   

    Semipalmated Sandpiper SESA 2441-79111 23.9 7 5.8 

 2441-79126 25.5 4 3.3 

 2461-13733 28.1 4 4.9 

  

    Spotted Sandpiper SPSA 2421-14143 49.1 13 -4.7 
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Discussion 

Semipalmated sandpiper, least sandpiper, pectoral sandpiper and short-billed 

dowitcher gained body mass in the Lake Erie marsh region during autumn migration.  

Rates of body mass gain differed among species and from my hypothesized value of 1 

g/day.  SESA and LESA gained mass at rates <1 g/day.  This is likely due to their 

relatively smaller body mass compared to other species (Table 5).  As a percentage of 

initial mass, SESA and LESA had comparable rates of mass gain relative to the other 

species (Table 16).  PESA and SBDO each gained mass faster than the assumed rate, but 

had similar rates of mass gain as a percentage of initial mass to SESA and LESA (Table 

16).  Rate of mass gain for LESA was similar to that recorded by Butler and Kaiser 

(1995) during autumn migration in the Fraser River Delta, British Columbia.  Butler and 

Kaiser (1995) recorded mass gains of 0.34 g/day in western sandpipers, a species with 

comparable body size to SESA.  Goede et al. (1990) estimated that each gram of body 

mass gained by shorebirds resulted in 0.7 g of fat that could be used to fuel migration.   

Estimating full stopover duration by capture, marking, and recapture methods is 

limited by absence of knowledge of the time elapsed between arrival and first capture of 

birds at stopover sites.  Minimum stopover duration clearly underestimates full stopover 

duration (Kaiser 1999, Schaub et al. 2001, Chernetsov 2012), but by how much is 

unknown.  One can double minimum stopover duration by assuming that birds are 

captured and recaptured with equal probability throughout the full stopover period and 

that recapture probability is independent of initial capture probability.  I gained insight 

into full stopover duration by examining daily mass gain as a function of minimum 

stopover duration and made an additional assumption that birds leave stopover areas after 
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they have gained sufficient energy reserves (i.e. body mass) to continue migration.  I 

found that body mass increased quadratically through 12 days after initial capture for 

SESA and through 14 days for LESA, after which both species sustained lower rates of 

mass gain through their known minimum stopover duration.   

I did not determine whether birds who stayed longer than the break point 

determined by piecewise regression lost mass afterward, or were just individual that had 

lower rates of mass gain relative to those that were last recaptured before the break point.  

Regardless, I do not consider these birds as typical of the population of birds migrating 

through the LEMR.   

I calculated full stopover duration (FSD) estimates for SESA and LESA by 

doubling the mean minimum known stopover duration for each species.  This provided 

estimates of FSD (rounded to the nearest day) for SESA (12) and LESA (16), which was 

close (±2 days) to the piecewise regression break points of these two species.  Doubling 

of mean minimum known stopover durations of SBDO and PESA produced estimates of 

FSD that were 13 and 14 days for each species, respectively.  These estimates of FSD 

were within the 90
th

 percentile of recapture events for all four species; i.e. 90% of 

recaptures occurred within the full stopover duration estimate for each species.  For 

SESA, 27 of 301 (9%) individuals were last recaptured after 12 days; for SBDO, 7 of 69 

(10%) individuals were last recaptured after 13 days; for PESA, three of 35 (9%) 

individuals were last recaptured after 14 days; for LESA, 28 of 281 (10%) individuals 

were last recaptured after 16 days.  I conclude that doubling the minimum stopover 

provided a reasonably accurate estimate of full stopover duration for SESA and LESA, 

and possibly PESA, and SBDO during autumn.   
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Recorded mass gains that occurred over the full stopover duration were larger 

than values assumed by the UMR&GLR Joint Venture.  Minimum stopover durations 

were consistent with estimates made by Potter et al. (2007) for each species with >1 

recaptured individual but greatly underestimated full stopover durations of the four 

species that I studied.    

Birds remaining after the typical full stopover duration seem to represent a 

different group of individuals.  Body mass models for SESA and LESA showed these 

individuals typically gained less mass throughout over long minimum known stopover 

durations.  No discernible patterns were found in these groups (i.e. age, capture site, wing 

chord, injuries) that would explain why they remained longer and why they generally did 

not gain much mass.   

 I could not accurately estimate rates of mass gain for any species during spring 

migration due to small sample sizes (Table 19).  Evidence from my research suggested 

that birds generally maintained body mass during spring stopover.  SESA were the only 

species that had a positive mean rate of mass change that differed significantly from zero, 

while DUNL appeared to simply maintain body mass.  Goede et al. (1990) recorded mass 

gains during spring migration of 0.1 g/day for DUNL for birds which weighed ≤55 g; 

DUNL gained 0.9 g/day at weights >55 g at a staging site in the Dutch Wadden Sea.  

Only one individual DUNL from my study with an initial mass >55 g (n = 4) gained 

body mass, and only at the very low rate of 0.09 g/day.  However, DUNL studied by 

Goede et al. (1990) were staging for a non-stop oceanic flight to the breeding grounds 

and thus may have employed a different migration strategy than DUNL migrating 

through the LEMR (Skagen et al. 1999, Warnock 2010).   
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Within-season recapture rates may be lower in spring due to a faster migration 

speed.  Shorebirds may have shorter stopover durations during spring so they can reach 

breeding grounds at optimal times to increase their overall fitness (Myers 1981, 

Gudmundsson et al. 1991).  Shorter stopover duration in the LEMR would reduce the 

probability of recapturing an individual at a single stopover location.  I obtained a 

substantially lower recapture rate during spring than autumn; however, my spring 

recaptures generally indicated similar minimum stopover durations to autumn.  Ten of the 

18 recaptured migrating birds (SPSA is a local breeder) had stopover durations >5 days, 

and six individuals (33%) were >10 days.  Further research is needed to more accurately 

determine rates of mass change and stopover durations for spring migrating shorebirds in 

the LEMR. 

 Rates of mass change and stopover duration were apparently impacted by capture.  

Shorebirds recaptured after 1-3 days indicated potential capture effects (Figure 8) on 

mass change.  Pienkowski et al. (1979) recorded mass loss in captured DUNL of 1 g/hr 

for the first hour of captivity and 0.5 g/hr for the next three hours; similar results were 

reported by Goede and Nieboer (1983).  Birds captured during my study were generally 

weighed within one hour.  However, it was not always possible to account for time 

captured birds spent in mist nets or to quickly process large numbers of birds captured in 

a short period of time.  Warnock et al. (2004) also observed potential effects of capture 

on stopover duration.  DUNL radio-marked (~2% of body mass) during spring migration 

stayed 5 times longer than DUNL that moved through the site after being radio-marked 

previously.  This additional “recovery period” is likely a result of the additional weight 

and adjustment to the radio-transmitter.  My research did not add additional mass to the 
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birds, but handling and processing time may still have necessitated a recovery period.  

Birds may have needed to stay longer to recoup from capture and regain lost mass.  As a 

result, my estimated rates of mass gain may be conservative and minimum stopover 

durations may be slightly over-estimated.   

Initial body mass differed between spring and autumn migration for three species.  

SESA averaged 1.3 g more mass during autumn migration whereas SEPL and KILL both 

averaged >5 g more mass in the spring (Table 18).  My results were similar to Butler and 

Kaiser (1995) who found that body mass of LESA did not differ between autumn and 

spring migration at a coastal stopover site.  Other studies have shown differences in 

shorebird mass between autumn and spring migration that vary among species.  Butler et 

al. (1987) found that both male and female western sandpipers were heavier during spring 

migration compared to autumn at a coastal stopover site in southern British Columbia.   

Butler et al. (1987) hypothesized that greater mass in spring could be a result of 

either 1) differences in habitat quality or quantity prior to arrival at stopover sites, and/or 

2) differences in energy accumulation to provide energy reserves needed for breeding.  

The use of stored resources for egg production (i.e. “capital breeders”) varies among 

shorebirds and seems to be more dependent upon time of arrival at the breeding grounds 

and climatic conditions (Morrison and Hobson 2004, Yohannes et al. 2010).  Differences 

in habitat quality or quantity, or variation in the type of food resources available in the 

LEMR or before arrival could also impact initial mass measurements.  Shorebirds 

segregate among foraging niches based on relative body size and variation in morphology 

(Recher 1966, Davis and Smith 2001).  KILL and SEPL both forage by gleaning 

invertebrates and other prey from the surface, differing from SESA which forage by 
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probing shallow depths into mud or water.  Such differentiation in methods of exploiting 

available food resources could explain contrasting patterns of seasonal body mass as 

variations in habitat can limit access to various food resources (Safran et al. 1997).  Other 

species comparisons, though not statistically significant, seem to follow this general 

pattern of differentiation among foraging guilds (Table 18).  This pattern could be a result 

of differentiation in types of food resources available at different times of the year as a 

result of habitat conditions or food production cycles.   

Although shorebirds were shown to gain mass, particularly during autumn 

migration, this does not necessarily indicate that habitat quantity or quality is adequate to 

support shorebirds populations in the LEMR.  Further examinations must determine if 

shorebirds are gaining enough mass or building body mass at sufficient rate to 

accommodate their migration strategy (Lindstrom and Alerstam 1992, Skagen and Knopf 

1994b, Skagen et al. 1999).  Information on food resource levels encountered by 

migrating shorebirds in the LEMR can provide additional insights into potential habitat 

limitations.
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Chapter 3:  Habitat conditions and invertebrate food resources at an inland shorebird 

stopover site  

 

Abstract 

 Migrating shorebirds require adequate habitat conditions and food resources at 

stopover sites to complete migration.  Shorebirds typically forage on invertebrates in 

saturated mud and shallow water areas with minimal vegetation cover.  My objectives 

were to assess shorebird habitat conditions and invertebrate food resources at an inland 

stopover site to gain insights into potential habitat and energy limitations encountered by 

shorebirds.  I monitored fluctuations in habitat zone cover and assessed invertebrate food 

resource levels within primary shorebird foraging zones during spring and autumn 

migration 2012-2013 in the southwestern Lake Erie Marsh region.  Saturated mud and 

shallow water habitats tended to increase along with vegetation coverage during spring 

migration.  Vegetation tended to decrease as water levels rose throughout autumn, 

particularly in units managed to provide waterfowl hunting opportunities.   Mean dry 

invertebrate biomass was below assumed values of 20 kg/ha used in regional 

conservation strategies and ranged from 3.67 kg/ha (95% CI ±4.61) in spring to 12.14 

kg/ha (95% CI ±5.68) in autumn.  Food resources were highly variable.  Results suggest 

that shorebirds in the southwestern Lake Erie marsh region may encounter habitat and 

food resource limitations, particularly during spring migration.  Regional shorebird 
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habitat conservation strategies can benefit from the use of the empirical data on habitat 

and food resource conditions to estimate foraging habitat needs for migrating shorebirds. 

Introduction 

Inland migrating shorebirds prefer habitats that are managed for native wetland 

plants containing standing water and exposed mudflats (Hands et al. 1991, Niemuth et al. 

2006).  Migrating shorebirds tend to congregate in suitable habitat with greater densities 

of prey (Colwell and Landrum 1993).  Hands et al. (1991) suggested that native wetland 

vegetation provides greater diversity and abundance of invertebrate prey.  As a result, 

shorebird densities are higher on managed wetlands, marshes, and moist-soil units 

compared to flooded agricultural fields and borrow ditches (Hands et al. 1991, Twedt et 

al. 1998, Baranowski 2007).  Freshwater estuary habitats seem to be preferred stopover 

locations in northwest Ohio, but are generally less available (Baranowski 2007). 

Stopover sites are selected based on trade-offs between risks and benefits 

associated with each site.  Stopping in relatively unfamiliar areas requires shorebirds to 

cope with risks at stopover locations, including higher rates of predation and potentially 

inadequate food resources (Skagen 2006).  Larger stopover sites have lower predation 

risk but lower fattening rates, while smaller sites typically provide a higher fattening rate 

and higher predation risk (Ydenberg et al. 2002, Taylor et al. 2007, Brindock and Colwell 

2011).  

Inter- and intra-specific competition should be expected due to large numbers and 

concentrations of shorebirds at stopover sites.  However, competition is minimized by 

partitioning of habitat among foraging guilds based mainly on morphological differences 

among species (Recher 1966). Species segregate along wetland zones relative to the 
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water’s edge (Recher 1966, Davis and Smith 2001).  For example, least and 

semipalmated sandpipers generally use saturated mud, pectoral sandpipers use saturated 

mud and water less than 3.5 cm deep, solitary sandpipers forage in water <3.5 cm deep, 

and lesser yellowlegs forage in water ≤6 cm deep (Hands et al. 1991).  As a result, inter-

specific competition is more limited along the horizontal gradient from dry to wet 

conditions. 

Competition is lessened even further with vertical partitioning of resources.  

Variation in bill length among species allows for a division of food resources based on 

substrate, mode of feeding, and probing depth (Recher 1966).  For instance, 

semipalmated plovers feed primarily by gleaning substrate and plant surfaces (Rose and 

Nol 2010), while semipalmated sandpipers use both gleaning and shallow probing.  

Dowitchers use relatively deep probing to reach their prey (Recher 1966, Davis and 

Smith 2001).  

Changing availability of food resources is believed to be one of the primary 

drivers behind the evolution of wildlife migrations (Schneider and Harrington 1981).  

Schneider and Harrington (1981) suggested shorebird predation may sharply reduce 

invertebrate densities at stopover sites.  Other studies have reported shorebirds do not 

substantially impact food resources at stopover locations, but could if populations reach 

high enough levels (Mitchell and Grubaugh 2005, Hamer et al. 2006).  The hydrologic 

pattern at a stopover site may play a key role in managing shorebird impacts on and 

access to food resources (Collazo et al. 2002, Hamer et al. 2006).   

Limitations of food availability at major stopover locations can cause energetic 

shortfalls that prevent shorebirds from completing migration in good body condition, 
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potentially impacting survival and contributing to population declines (Baker et al. 2004, 

Morrison et al. 2007, Kraan et al. 2009, McGowan et al. 2011).  Seasonal fluctuations in 

food resources can alter the amount of habitat required for shorebirds to obtain necessary 

energy reserves (Collazo et al. 2002).  Habitat areas accessible to shorebirds are often 

only a fraction of an entire wetland complex (Collazo et al. 2002) given the limited range 

of water depths within which shorebirds can actively forage (Recher 1966).  Wetland 

habitats have been in decline throughout North America in recent decades, generally 

reducing the amount of available shorebird habitat (Dahl 2011) and thus potentially 

creating energetic limitations for migrants. 

My objectives were to assess shorebird habitat conditions at an inland stopover 

site.  I monitored fluctuations in habitat zone cover and assessed invertebrate food 

resource levels within primary shorebird forage zones during autumn and spring 

shorebird migrations to make seasonal comparisons and estimate the level of food 

abundance association with shorebird body mass gains.  I hypothesized that invertebrate 

food resources would be approximately 20 kg/ha under variable habitat conditions in both 

spring and autumn based on assumptions made by the Shorebird Habitat Conservation 

Strategy developed by the Upper Mississippi River & Great Lakes Region Joint Venture 

(Potter et al. 2007).  Knowledge of food and habitat resources is important for strategic 

habitat conservation planning (Collazo et al. 2002).  I compared habitat conditions and 

invertebrate food resources between spring and autumn migration seasons in order to gain 

insights into which season may be more limiting to migrating shorebirds to inform the 

Upper Mississippi River and Great Lakes Region Joint Venture’s Shorebird Habitat 

Conservation Strategy (Potter et al. 2007).   
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Study Area 

Habitat conditions and invertebrate biomass were assessed within the 

southwestern Lake Erie marsh region.  This location is a primary shorebird stopover site 

within the Great Lakes region, with >20,000 shorebirds migrating through the area 

annually (Baranowski 2007, Shieldcastle 2014, WHSRN 2015).  The LEMR consists of 

various habitat types known to be used by migrating shorebirds, including managed 

marshes, agricultural fields, and estuarine zones where rivers and creeks discharge into 

Lake Erie or surrounding bays (Baranowski 2007).  My research focused on two marsh 

complexes in the LEMR: Ottawa National Wildlife Refuge (ONWR) and Winous Point 

Marsh Conservancy (WPMC).  Each of these complexes consists of several 

hydrologically managed marsh units and shoreline estuaries.  Agricultural crop fields 

dominate the surrounding landscape.  

 Marsh vegetation within these complexes consisted primarily of native wetland 

plants including smartweed (Polygonum spp.), rose mallow (Hibiscus moscheutos), 

cattails (Typha spp.), American lotus (Nelumbo lutea), common arrowhead (Sagittaria 

latifolia), and cottonwood (Populus deltoides).  Purple loosestrife (Lythrum salicaria), 

Phragmites australis and other invasive species have colonized many marshes in the 

LEMR and are currently being controlled through biotic, chemical, mechanical, and 

water level management practices.   

 Marsh conditions (i.e. vegetation community and water levels) are impacted by 

weather, Lake Erie water levels, and wetland management actions.  Most marsh units 

within ONWR and WPMC have water control structures that are used to manipulate 

water levels to achieve desired vegetation communities and habitats for particular 
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wildlife taxa (e.g. waterfowl, shorebirds, etc.).  Estuarine zones are more directly 

impacted by weather conditions, particularly recent precipitation levels and wind 

direction and speed.  Management strategies are often impacted by anticipated weather 

conditions and water levels of Lake Erie; property managers adapt strategies based on 

current precipitation and wind conditions and expected future conditions in order to meet 

management objectives. Mean annual precipitation (rainfall and snowfall) in the LEMR 

is 159 cm and mean monthly temperatures range from -3.7 °C to 23.1 °C (NCEI).   

Methods 

Habitat assessment plot establishment 

Plots were established to measure changes in habitat conditions and food 

resources during each migration season.  I established plots in areas where suitable 

shorebird habitat conditions were expected to develop and banding operations would be 

conducted.  Plots ranged in size from 150 m x 150 m to 200 m x 250 m.  Each plot was 

divided into 50 m x 50 m grid cells with wood stakes at the corners of each 50 m x 50 m 

cell.  A sample point was located in the center of each cell.  Corner stakes were marked to 

indicate 5 cm, 10 cm, and 20 cm height from the surface of the substrate to aid visual 

recording of water depth classes at distance.  Habitat conditions and food resources were 

assessed every two weeks.   

Spring.- I established seven habitat plots in spring 2012.  Three plots were in three 

management units at ONWR (Figure 23Figure 23) and four plots were located within two 

management units at WPMC (Figure 24).  Assessments were initiated on 16-17 April 

2012 and assessed every two weeks until 31 May for a total of four assessment periods.   
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I established a total of six habitat plots in spring 2013.  Four plots were in separate units 

at ONWR (Figure 25) and two plots were located within WPMC (Figure 26).  Plots were 

established on 2-3 April 2013 and assessed every two weeks until 29 May for a total of 

five assessment periods.  Two additional plots, Darby Pool 4 (ONWR) and South Creek 

(WPMC), were initiated on 15-17 April and were only assessed during four periods. 

Autumn.- I established nine habitat plots in eight wetland units in autumn 2012.  

Five plots were located within ONWR (Figure 27) and four plots within WPMC (Figure 

28).  Assessments were initiated on 16-20 July and concluded on 5-6 November for a 

total of nine sampling periods.  Some plots, namely those on WPMC, were not able to be 

assessed every week due to restricted access prior to and during waterfowl hunting 

seasons (e.g. Figure 28A) (2012: Sep. 1-16 [teal], Oct. 13-28, Nov. 10-Dec.23; 2013: 

Sep. 7-22 [teal], Oct. 12-27, Nov. 9-Dec. 22).  Additionally, some plots were established 

later in the season as habitat conditions changed over the course of several months, 

making new areas available for shorebird use (e.g. Figure 27A). 

I established four habitat plots in four separate wetlands in autumn 2013 (Figure 

29).  Assessments were initiated 16-17 July and concluded on 8 October for a total of 

seven sampling periods.  Similar to the 2012 season some plots on WPMC property were 

not assessed during periods in proximity to waterfowl hunting seasons.   

Habitat assessments 

Habitat Conditions.- Habitat conditions within each cell were visually assessed 

from the center of each cell.  Observers recorded the percentage of the cell covered by 

each habitat type on a categorical scale from 0 to 5 (0=0%, 1=1-5%, 2=6-25%, 3=26-

50%, 4=51-75%, 5=76-100%).  Habitat types were associated with 4 shorebird guilds, as 
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defined by Potter et al. (2007): water 5-20 cm deep, water <5 cm deep, saturated mudflat, 

and dry mudflat.  Observers also recorded the percentage of the plot covered by >20 cm 

deep water which was considered unsuitable for all shorebird guilds.  Saturated mud was 

defined as mud that was entirely saturated with water; this condition was characterized by 

small pockets of standing water in a matrix of bare mud with “wet silvery” sheen.  Dry 

mudflat was defined as an area that was not entirely saturated with water, had no standing 

water and no sheen, although the soil surface may have appeared dark and damp. 

Percent cover of vegetation within each habitat type was visually assessed on a 

categorical scale from 0 to 5 (0=0%, 1=1-5%, 2=6-25%, 3=26-50%, 4=51-75%, 5=76-

100%).  Standing dead vegetation was assessed in the same manner as live vegetation.   

Food Resources.- Food resources were assessed by sampling benthic invertebrates 

within each 50 m x 50 m cell where suitable habitat was present.  Suitable habitat was 

defined as areas of saturated mud or shallow water ≤5 cm deep that was not covered by 

dense vegetation.  Sampling was conducted every two weeks (Hamer et al. 2006) during 

spring and autumn migrations (approximately 1 April to 7 June, 6 July to 15 November).  

I did not use exclosures in my sampling; samples reflected invertebrates that may have 

been actively foraged by shorebirds.  Consequently, my estimates represented standing 

crop biomasses, not estimates of total biomass produced. Soil cores were collected from 

every cell during the first assessment period and every other cell in subsequent sampling 

periods in spring 2012.  Cores were collected from every cell in all other seasons. 

Benthic core samples were taken using a 5 cm diameter PVC pipe with a beveled 

edge driven 5 cm deep into the substrate (Sherfy et al. 2000, Hamer et al. 2006).  Core 

samples were collected at the nearest saturated mud and 5 cm deep water from the sample 



70 

point (center of the cell); as a result, a maximum of two samples were retrieved from 

each cell.  Areas that had been recently probed by shorebirds or that were covered with 

vegetation were avoided.  Saturated mudflat samples represented food biomass estimates 

for the moist mudflat species guild while samples from 5 cm deep water represented 

estimates for the shallow-water species guild.  

 Core samples were placed in individual re-sealable plastic bags and transported to 

a lab where they were refrigerated until processing; samples were processed within 10 

days  of collection (Anderson and Smith 2000).  Core samples were washed in the lab 

using a 500 micrometer sieve (Weber and Haig 1996, Anderson and Smith 2000).  

Invertebrates were identified to order, and when possible, family and subfamily using a 

30x stereomicroscope (Weber and Haig 1996).  Invertebrates were counted and oven-

dried at 70°C for 24 hrs (Hamer et al. 2006).  Total dry mass of invertebrates from the 

core sample was recorded to the nearest 0.0001 g (scale accuracy ±0.0002 g) to obtain 

total biomass. 

Data analysis 

 Habitat dynamics.- Categorical assessments of habitat conditions were equated to 

the midpoint of the category; i.e. an assessment of “5” indicated a habitat zone that 

covered 76-100% of the cell and was assigned a value of 88%.  Midpoint values for a 

given habitat zone were averaged across all cells within a single habitat assessment plot.  

The produced a single mean value for each habitat zone (n = 5) for each plot during each 

sampling period. 

 Vegetation cover values were also equated to the midpoint of each category.  

Midpoint values for each habitat zone (n = 5) were then averaged across all cells in a 
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habitat assessment plot.  Vegetation cover for the entire habitat assessment plot was 

obtained by multiplying the percent vegetation cover value for a habitat zone by the 

percent cover of the particular habitat zone.  These weighted vegetation cover values 

were then summed across all five zones to obtain a single vegetation cover value for the 

entire habitat assessment plot for each sampling period.   

 

% Vegetation Cover for a plot at a single sampling period = 

 

∑ 𝑚𝑒𝑎𝑛 % 𝑣𝑒𝑔 𝑐𝑜𝑣𝑒𝑟 𝑜𝑓 𝑧

𝑧 = 5

𝑧 = 1

 ×  𝑚𝑒𝑎𝑛 % 𝑐𝑜𝑣𝑒𝑟 𝑜𝑓 𝑧 

 

, where z specifies one of five habitat zones in each cell of a habitat 

assessment plot.   

 

 The weighted mean value for each habitat zone and vegetation coverage amount 

for each sampling period was graphed to depict changes in overall habitat and vegetation 

cover for each habitat assessment plot during autumn and spring.  The highest level 

possible for vegetation cover was 77.4%.  

 ANOVA was used to determine statistical trends in mean habitat and vegetation 

cover by sampling period for autumn and spring.  The proportional data was arcsine 

square-root transformed in order to normalize its distribution and meet the assumptions of 

an ANOVA prior to analysis.  Tukey’s Honest Significant Differences test (α = 0.05) was 

used if the ANOVA indicated a significant difference in habitat or vegetation cover 

across periods. 

 Food resources.- The median invertebrate biomass of individual soil core samples 

was used to obtain a biomass estimate for each period across all habitat assessment plots.  
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Some core samples contained invertebrates with dry biomass less than the sensitivity of 

the scale (±0.0002 g) and were assigned a value of 0.00001 g.  Median biomass estimates 

for each period were averaged to obtain an estimate for the entire season.  Mean biomass 

estimates for each sampling period and season are also reported. 

 Weather conditions.- Data were collected from the National Oceanic and 

Atmospheric Administration (NOAA) station in Marblehead, Ohio (station ID 9063079) 

regarding Lake Erie water levels and wind speeds.  Daily precipitation levels were 

obtained from NOAA National Centers for Environmental Information station in Port 

Clinton, Ohio (Station ID US1OHOT0002).  Information on weather conditions assisted 

the interpretation of habitat dynamics and food resource fluctuations. 

Results 

Invertebrate food resources 

Spring.- I collected 268 soil cores in spring 2012 and 240 soil cores in spring 

2013 (Table 21).  Estimated median invertebrate biomass across all sampling periods and 

foraging zones was 10.19 kg/ha (95% CI ±9.36) in 2012 and 3.67 kg/ha (95% CI ±4.61) 

in 2013.  Invertebrate biomass remained generally level throughout most of 2012 (Figure 

9) while a general increasing trend was apparent in 2013 (Figure 10).  Median biomass 

estimates were considerably lower than the assumed value of 20 kg/ha during the 

majority of both seasons (Figure 13).  Invertebrate density differed between years, with 

spring 2013 generally having a lower number of invertebrates per core (Table 21).  

Invertebrate density generally increased throughout spring, peaking in mid- to late-May 

(Table 21).  The proportions of the invertebrate community represented by Annelida and 

Diptera were similar between years (Table 21). 
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Autumn.- I collected 370 soil cores in 2012 and 87 cores in 2013 during autumn 

(Table 21).  Median invertebrate biomass was lower than the assumed value of 20 kg/ha 

for nearly all sample periods in 2012 (Figure 11) and 2013 (Figure 12).  Invertebrate 

biomass increased during the latter part of sampling in 2012 (Figure 11).  Estimated 

median invertebrate biomass across all sampling periods and foraging zones was 12.14 

kg/ha (95% CI ±5.68) in 2012 and 7.93 kg/ha (95% CI ±8.76) in 2013 (Figure 13). 

Invertebrate density per core sample also increased during this latter period to the highest 

levels across all seasons (Table 21).  Overall core density in 2013 was less than half the 

density in 2012.  Annelida (primarily Oligachaeta) accounted for >78% of invertebrates 

in both years.  Diptera (primarily Chironomidae) contributed 13-16% of total invertebrate 

biomass (Table 21). 
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Table 21.  Mean total biomass and numeric abundances and densities of invertebrates across all assessment plots and sampling periods 

during spring (April-June) and autumn (July-November) shorebird migration 2012-2013 in the southwestern Lake Erie marsh region.  

 

Year Season

Sampling 

Period

Assessment 

Dates No. Plots

No. 

Cores

Dry 

Invertebrate 

Biomass 

(kg/ha)

±95%  

CI

Total 

Inverts

Mean 

Density 

(Inverts/core)

±95%  

CI

%  

Annelida

%  

Diptera

%  

Coleoptera

%  

Nematoda

%  

Mollesca

%  

Other

7 268 19.74 8.85 2085 7.8 1.2 56 34 0.4 0.9 0.4 7.9

1 Apr 16-17 7 109 26.91 8.82 869 8.0 1.5 45.0 41.4 0.3 0.0 0.2 12.7

2 Apr 30 - May 3 7 67 13.55 4.55 324 4.8 1.3 32.7 61.7 0.3 0.0 0.0 3.7

3 May 14-18 7 45 20.37 7.05 577 12.8 5.3 77.1 16.8 0.2 2.9 0.7 2.4

4 May 28-31 7 47 18.13 7.70 315 6.7 2.6 71.7 16.2 1.3 0.3 0.6 9.2

6 240 15.04 10.57 1275 5.3 1.4 68 27 1.4 2.6 0.9 0.8

1 Apr 2-3 4 36 5.53 3.32 65 1.8 1.2 89.2 9.2 0.0 0.0 0.0 1.5

2 Apr 15-17 6 31 10.42 11.27 53 1.7 1.5 90.6 3.8 0.0 5.7 0.0 0.0

3 Apr 29 - May 1 6 46 18.54 15.47 123 2.7 1.4 83.7 13.8 0.0 0.0 0.8 1.6

4 May 13-15 6 67 12.94 5.18 440 6.6 3.8 78.9 14.5 2.5 2.5 0.5 1.1

5 May 28-29 6 60 27.76 9.90 594 9.9 2.9 51.3 42.4 1.2 3.2 1.5 0.3

9 370 30.03 13.44 4822 13.0 2.1 78 13 0.9 1.7 3.8 1.9

1 Jul 16-20 5 36 12.98 13.18 139 3.9 1.3 59.0 20.1 9.4 3.6 1.4 6.5

2 Jul 30 - Aug 3 6 51 12.93 6.08 382 7.5 2.8 75.4 19.1 0.5 2.1 0.5 2.4

3 Aug 13 -16 7 48 11.72 5.42 352 7.3 2.3 68.8 24.4 2.6 0.6 1.4 2.3

4 Aug 27-28 5 22 15.81 10.19 166 7.5 4.7 69.3 22.3 1.2 0.0 4.8 2.4

5 Sep 10-11 5 42 57.65 25.89 1072 25.5 11.7 85.3 9.3 0.3 1.3 3.5 0.4

6 Sep 24-26 8 41 50.89 25.24 915 22.3 8.9 85.7 7.3 0.7 1.9 2.4 2.0

7 Oct 8-12 7 41 39.25 18.42 803 19.6 6.3 78.7 12.8 0.1 2.2 3.9 2.2

8 Oct 22-23 6 50 33.86 13.19 547 10.9 3.7 69.8 16.3 0.2 2.0 9.3 2.4

9 Nov 5-6 6 39 35.19 19.19 446 11.4 3.3 76.5 14.6 0.9 1.1 5.2 1.8

4 87 18.08 17.82 538 6.2 2.3 80 16 2 1.5 0.7 0.4

1 Jul 16-17 4 5 11.10 24.95 4 0.8 1.1 0.0 75.0 25.0 0.0 0.0 0.0

2 Jul 30-31 4 16 17.06 12.56 144 9.0 6.2 81.9 16.0 0.7 0.0 1.4 0.0

3 Aug 13- 4 18 17.66 15.77 149 8.3 6.7 73.2 18.8 3.4 4.0 0.7 0.0

4 Aug 26-28 4 18 5.32 2.80 41 2.3 1.4 58.5 31.7 4.9 2.4 0.0 2.4

5 Sep 10- 2 10 8.00 5.25 59 5.9 4.7 79.7 20.3 0.0 0.0 0.0 0.0

6 Sep 23-24 4 15 7.03 6.18 44 2.9 2.1 81.8 9.1 4.6 0.0 2.3 2.3

7 Oct 8- 1 5 60.40 104.28 97 19.4 18.4 94.8 4.1 0.0 1.0 0.0 0.0

Overall

Overall

Overall

Overall

Autumn

Spring

2013

2012

2012

2013

7
4
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Figure 9.  Median invertebrate biomass levels by sampling period during spring migration 

(April-June) 2012 in the southwest Lake Erie marsh region.  Bars represent interquartile 

ranges.  Red line indicates 20 kg/ha assumed in Potter et al. (2007). 

Figure 10. Median invertebrate biomass levels by sampling period during spring migration 

(April-June) 2013 in the southwest Lake Erie marsh region.  Bars represent interquartile 

ranges.  Red line indicates 20 kg/ha assumed in Potter et al. (2007). 
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Figure 12. Median invertebrate biomass levels by sampling period during autumn 

migration (July-November) 2012 in the southwest Lake Erie marsh region.  Bars represent 

interquartile ranges.  Red line indicates 20 kg/ha assumed in Potter et al. (2007). 

Figure 11. Median invertebrate biomass levels by sampling period during autumn 

migration (July-November) 2013 in the southwest Lake Erie marsh region.  Bars represent 

interquartile ranges.  Red line indicates 20 kg/ha assumed in Potter et al. (2007). 
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Figure 13. Invertebrate biomass by season in the southwest Lake Erie marsh region 

during spring (April-June) and autumn (July-November) shorebird migrations 2012-

2013.  Values represent means of medians of each sample period within a season.  Bars 

represent 95% confidence intervals.  The Upper Mississippi River and Great Lakes 

Region Joint Venture Shorebird Habitat Conservation Strategy (Potter et al. 2007) 

assumed a value of 20 kg/ha, indicated by the red line.   
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Habitat Conditions 

Spring.- Percent habitat cover of water tended to decrease while availability of 

saturated and dry mud increased during spring migration (Figure 19).  There was less 

water >20 cm in sampling periods 4 and 5 than during periods 1 and 2 (P < 0.023). Dry 

mud had a nearly significant increasing trend during the same sample period comparisons 

(P < 0.068).  Declining cover of deeper water was in turn associated with increased 

vegetation cover.  There was more vegetation in sample period 4 than during sample 

period 2 (P = 0.006).  Dry mud and vegetation dominated nearly all plots by the end of 

spring.  Managed marsh units at ONWR and WPMC followed the same general patterns 

in habitat and vegetation cover.  However, South Creek (Appendix C), an estuary site at 

WPMC displayed wide variation in water depth and availability of saturated mud.  This 

location was highly affected by wind speed and direction and water levels quickly rose or 

fell during seiche events.  Wind speeds sustained at >6 m/s from the west-northwest can 

account for the lower water levels during the third sampling period, and wind speeds >2.5 

m/s and gusting >5.4 m/s from the south-southwest lowered water levels further during 

the fourth sampling period. The Boss Unit at ONWR had considerably more variation in 

spring 2013 than in spring 2012 (Appendix C), possibly due to differences in 

precipitation (Appendix B).  Food biomass levels have a trend generally associated with 

saturated mud and shallow water levels. 

Lake Erie water levels were higher during spring 2012 than in spring 2013 

(Appendix B), though this did not seem to have a noticeable impact on habitat within the 

managed marsh units.  Total rainfall during spring migration was comparable between 

seasons (Appendix B).  Generally higher water levels during the third sampling period in 
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2012 and the second sampling period in 2013 and were associated with precipitation 

events during the preceding weeks (Appendix B).   

Autumn.- Saturated mud increased in coverage as water cover decreased.  There 

was significantly more saturated mud coverage in sample period 8 compared to period 1 

(P = 0.007), while there was less water 5-20 cm cover in sample period 8 than earlier 

periods (P = 0.050).  Vegetation cover was less variable in autumn than in spring (Figure 

18), but had a declining trend.  There was less vegetation in sample periods 8 and 9 than 

in all other periods (P < 0.005). 

Rain events appeared to have a strong influence on habitat zone coverage, 

particularly in management units where water levels were not able to be manipulated by 

pumping.  Water levels in McClure’s Marsh (Appendix C) rose and fell throughout the 

autumn 2012 season as very limited water control was available on this unit.  This unit 

was not assessed in 2013 due to large rainfall amounts early in the summer months, 

causing it to remain flooded throughout autumn (Appendix B).   

Management actions also affected habitat conditions.  Water levels were raised in 

MS 5 in 2012 to prevent the spread of invasive species (Appendix C); this unit is not 

hunted.  Removal of large amounts of water after heavy rains in summer 2013 (Appendix 

B) provided shorebird habitat, particularly in North Lilly (Appendix C).    
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Figure 15.  Habitat dynamics during spring (April-May) shorebird migration 2012 in the 

southwest Lake Erie marsh region. 

Figure 14. Habitat dynamics during spring (April-May) shorebird migration 2013 in the 

southwest Lake Erie marsh region. 
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Figure 17. Habitat dynamics during autumn (July-November) shorebird migration 2012 

in the southwest Lake Erie marsh region. 

Figure 16. Habitat dynamics during autumn (July-November) shorebird migration 2013 

in the southwest Lake Erie marsh region. 
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Figure 19. Habitat dynamics during spring (April-May) shorebird migration in the 

southwest Lake Erie marsh region, 2012-2013. 

Figure 18. Habitat dynamics during autumn (July-November) shorebird migration in the 

southwest Lake Erie marsh region, 2012-2013. 
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Discussion 

I assessed habitat conditions and food resource levels from a sample of habitats 

used by shorebirds where body mass changes were measured at ONWR and WPMC.  

Habitat plots were assessed regardless of actual bird use.  My assessments were not a 

random sample of habitats in the LEMR, but rather assessments of primary areas 

available for shorebird use in ONWR and WPMC.  Calculations of food resources 

represent mean biomass of invertebrates in habitat zones available to foraging shorebirds 

and were not adjusted based on the actual amount of available habitat from which 

samples were taken. 

Habitat conditions were highly variable, with some seasonal trends.  Autumn 

season was generally more stable in habitat zone coverage and overall vegetation cover 

(Figure 19).  Spring had a noticeable increasing trend of dry mud and vegetation cover 

throughout the season, associated with decreasing water levels.  Primary shorebird 

foraging zones (saturated mud and shallow water <5 cm depth) were not dominant in 

either season, despite my targeting prime shorebird areas for assessments (Autumn: 

saturated mud 5.1-24.1%, <5 cm water10.2-23.6%; Spring: saturated mud 12.9-20.3 %, 

<5 cm water 10.5-15.1%).  This aligns with observations by Collazo et al. (2002) that 

accessible shorebird habitat is a small percentage of area in a given wetland.  Habitat 

conditions appeared to be influenced by weather patterns (precipitation, wind), Lake Erie 

water levels, and management regimes.  Lower lake levels and wind conditions were 

associated with the opening of estuarine habitats that are preferred by shorebirds 

(Baranowski 2007). 
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Dramatic shifts in water levels occurred in mid- to late-autumn, particularly at 

WPMC (Appendix C). These shifts generally coincided with the start of waterfowl 

hunting season in mid-October.  Water levels that were drawn down earlier in the year to 

promote vegetation and provide shallow water and mud habitats for shorebirds and teal 

were often raised to promote use by waterfowl.  Notably, saturated mud and shallow 

water (<5 cm) are primary shorebird foraging zones but rarely dominated coverage of 

plots.  Crane Creek and South Creek estuaries had high coverage (24%-85%) of saturated 

mud and shallow water (<5 cm) when weather events created drawdown conditions.  

Estuaries were otherwise unsuitable, as they mostly comprised deepwater when flooded.   

Similar to spring, habitat zone coverage of estuaries varied widely during autumn with no 

seasonal trend.  Estuarine habitat was dependent on weather (wind) conditions (Appendix 

C) and had very stable habitat conditions in the absence of wind (Appendix C). 

Shorebirds are generally opportunistic foragers, altering their diets with food 

sources available at foraging sites (Recher 1966, Brooks 1967).  However, opportunistic 

foraging may not apply in all habitats or locations.  Smith et al. (2012) found that 

shorebirds in the Illinois River valley avoided Oligochaeta and selected other 

invertebrates.  Similar avoidance by shorebirds in the LEMR could affect the usable level 

of food resources for migrant shorebirds.  Invertebrates from my study were primarily 

(56-80%) Annelida (vast majority Oligochaeta), with lower levels (13-34%) of Diptera 

(mostly Chironomidae).  Samples collected during spring migration season had larger 

proportions of Diptera (chironomid) compared to autumn, even though overall 

invertebrate biomass was lower during spring.   
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Food resources were highly variable in autumn and spring.  Median estimates of 

biomass ranged from 0.0 kg/ha to 28.01 kg/ha, while mean estimates ranged from 3.32 

kg/ha to 60.40 kg/ha across all sampling periods.  Food resource data was highly right 

skewed; therefore, median estimates likely provide a better evaluation of actual food 

resource levels.  Food resource biomass in each season was lower than other areas in the 

upper Midwest (Smith et al. 2012), although habitat components are similar (i.e. moist 

soil managed marshes).  My evidence suggests invertebrate biomass is lower than the 

assumed value of 20 kg/ha.  Median biomass was consistently less than 20 kg/ha across 

seasons.  However, using the mean indicates higher levels of invertebrate biomass (Table 

21).  This may be important, as shorebirds have been shown to congregate in areas with 

higher densities of forage (Hicklin and Smith 1984, Colwell and Landrum 1993, Hamer 

et al. 2006), though some studies disagree (Smith et al. 2012).  Migrating shorebirds were 

observed to gain body mass during autumn migration and maintain body mass during 

spring under observed invertebrate biomass levels.   

The lower than expected level of invertebrate food resources and fluctuations of 

habitat conditions indicate shorebirds could be energetically limited in the southwestern 

Lake Erie marsh region.  Spring migration is likely more restrictive due to reduced 

invertebrate food resource levels.  Further research is needed to determine specific 

invertebrate biomass levels associated with particular water management regimes in the 

LEMR.  Effort should also be made to ensure that preferred shorebird foraging habitat is 

made available during peak migratory periods (Shieldcastle 2014).  Such actions will 

work toward providing adequate habitat and food resource conditions for shorebirds in 

the LEMR.  
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Chapter 4:  Implications for regional shorebird habitat conservation planning 

 

Abstract 

 Strategic habitat conservation plans can effectively deliver conservation at 

regional and local levels.  Strategic habitat conservation planning should be based on 

empirical data that are applicable to specific regions and locations to accurately predict 

habitat needs of wildlife.  Empirical data collected in the southwestern Lake Erie marsh 

region suggest shorebirds may be limited by habitat and food resources at one location in 

the Upper Mississippi River & Great Lakes Region Joint Venture’s planning area.  

Empirical data on shorebird body mass dynamics, stopover duration estimates, and food 

resource levels were used to revise estimated foraging habitat requirements of four 

shorebird species as part of the Upper Mississippi River & Great Lakes Region Joint 

Venture Shorebird Habitat Conservation Strategy.  Estimated foraging habitat 

requirements for semipalmated sandpiper, least sandpiper, pectoral sandpiper, and short-

billed dowitcher all increased using the empirical data during autumn migration.  Overall 

habitat required to maintain estimated populations for these four species increased by 

166%.  Calculations assume shorebirds are gaining mass at sufficient rates to complete 

migration. Revised values of stopover duration seem to have the largest impact on the 

updated estimates.  Using estimates of minimum stopover duration reduces habitat 

requirements by 50% relative to estimates of full stopover duration.  The Upper 
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Mississippi River & Great Lakes Region Joint Venture can strengthen the biological 

components of its shorebird habitat conservation strategy by incorporating empirical data. 

Introduction 

 Habitat conservation planning can be effective at delivery of conservation at local 

or regional levels to meet continental priorities.  The Upper Mississippi River and Great 

Lakes Region (UMR&GLR) Joint Venture stepped down priorities for shorebird 

conservation identified in the U.S. Shorebird Conservation Plan (Brown et al. 2001) and 

integrated information from the Upper Mississippi Valley/Great Lakes Shorebird 

Conservation Plan (de Szalay et al. 2000).  The UMR&GLR Joint Venture is a regional 

partnership of agencies and organizations that is focused on implementing bird 

conservation in a planning region that includes over 97 million ha across portions of 10 

states throughout the Midwest region of the United States (UMRGLRJV 2015). The 

UMR&GLR Joint Venture’s Shorebird Habitat Conservation Strategy (Potter et al. 2007) 

was developed to “establish efficient habitat conservation to maintain or increase 

carrying capacity for populations of priority shorebird species consistent with continental 

and JV regional goals” (Potter et al. 2007, pg 1). 

 Energetic costs of migration require sufficient food and habitat resources for 

shorebirds to complete migration in good body condition (Harrington et al. 2002).  

Bioenergetics modeling is used to develop habitat conservation objectives for each 

species in the UMR&GLR Joint Venture region based on the assumption that food 

energy is the primary population limiting factor (Loesch et al. 2000).  The UMR&GLR 

Joint Venture assumes migrating shorebirds are most limited by food energy during 

spring in the UMR&GLR Joint Venture’s region.   
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My thesis results have direct application to the UMR&GLR Joint Venture’s 

regional habitat conservation strategy.  The information presented in the previous 

chapters provided indications of potential habitat and energetic limitations at a critical 

stopover area in the UMR&GLR Joint Venture region.  The empirical data collected 

through my research project can be used to revise and enhance the accuracy of the 

UMR&GLR Joint Venture’s bioenergetics model to predict foraging habitat requirements 

for selected species.  My objective was to incorporate the empirical data collected on 

shorebird body mass dynamics and stopover durations, habitat conditions, and 

invertebrate food resources into the UMR&GLR Joint Venture’s bioenergetics model to 

strengthen its biological foundations.  I provide foraging habitat requirements for 

semipalmated sandpiper, least sandpiper, pectoral sandpiper, and short-billed dowitcher 

based on empirical data collected in the southwestern Lake Erie marsh region. 

   The UMR&GLR Joint Venture assumed that all shorebird species need to gain 

mass at approximately 1 g/day to complete migration in good condition (Potter et al. 

2007).  Empirical data collected during my project indicated that all species did not meet 

that assumption.  My research showed that shorebirds gained mass during autumn 

migration and generally maintained their mass during spring migration at a mid-latitude 

stopover area in the UMR&GLR Joint Venture’s planning region.  Least and 

semipalmated sandpipers gained mass slower than the assumed rate, while pectoral 

sandpiper and short-billed dowitcher had daily rates of gain in body mass >1 g/day 

during autumn migration (Table 14).  Assuming that observed rates of mass gain allow 

each species to complete migration in good condition, they can be used to recalculate the 

energy requirement of each species. 
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 Full stopover duration estimates were all longer than the UMR&GLR Joint 

Venture’s assumed values for each species.  I estimated full stopover durations for each 

species as twice the minimum stopover duration.  This was supported by reduced mass 

gain and recapture events after the full stopover duration.  Stopover duration estimates 

impact the “Use Days” components of the model (Potter et al. 2007). 

 Habitat conditions and invertebrate food resources in my study area were variable.  

The UMR&GLR Joint Venture’s assumed value of 20 kg/ha of food resources appeared 

to be a high assumption based on empirical data (Figure 13).  Mean estimates of 7.9-12.1 

kg/ha of invertebrate biomass sustained shorebird body mass gains of 0.28-1.49 g/day 

during autumn migration while 3.7-10.2 kg/ha of invertebrate biomass maintained 

shorebird body mass during spring migration.  Food resources were sampled generally 

within the area in which shorebird weight gains occurred (see Local movements on page 

18).  Habitat conditions fluctuate based on weather patterns, lake levels, and water 

manipulation practices.  Primary shorebird foraging zones of saturated mud and shallow 

water ≤5 cm deep were rarely dominant in either spring or autumn. 

Study area 

 Empirical data were collected from the southwestern Lake Erie marsh region 

(LEMR) in northwestern Ohio.  The LEMR is a mid-latitude interior stopover site located 

along the coast of Lake Erie.  The region spans northwestern Ohio to extreme 

southeastern Michigan and is one of the primary shorebird stopover sites in the Upper 

Mississippi River and Great Lake Region Joint Venture planning region (WHSRN 2015).  

The area comprises several private and public managed marsh complexes interspersed 

with Lake Erie coastline, agricultural fields, and urban development. 
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Methods 

I used the bioenergetics model developed by the UMR&GLR Joint Venture 

(Potter et al. 2007) to frame my calculations of foraging habitat requirements for an 

individual shorebird during a single stopover.  Calculations were conducted migrating 

least sandpiper, semipalmated sandpiper, pectoral sandpiper, and short-billed dowitcher 

using empirical data collected during my research.  The UMR&GLR Joint Venture model 

uses four components to calculate total forging habitat requirements for each species in 

the UMR&GLR Joint Venture region:  population size that migrates through the 

UMR&GLR Joint Venture region, duration of stay in the UMR&GLR Joint Venture 

region, energy requirements for each individual, and energy supply per unit area. 

 

FORAGING HABITAT = ABUNDANCE * USE DAYS * ENERGY REQUIREMENT * FORAGE DENSITY
-1

 

where, FORAGING HABITAT is the area (ha) needed to provide sufficient forage; 

ABUNDANCE is the estimated number of shorebirds using the JV region; USE DAYS 

is the estimated number of stopover days during migration; ENERGY REQUIREMENT 

is the estimated daily requirement of food (g) for each individual; and FORAGE 

DENSITY is the estimated amount of food (invertebrate) mass/m
2
 of habitat 

(adapted from Potter et al. (2007)). 

 

I retained estimates of abundance used by the UMR&GLR Joint Venture in my 

model as my research did not collect or analyze information on shorebird abundance.  My 

estimates of invertebrate forage density suggested food biomass levels that were below 

the UMR&GLR Joint Venture’s assumed value.  I averaged the mean of the median 

estimates of invertebrate biomass from my empirical data for my calculations.  I 
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estimated 6.95 kg/ha and 10.04 kg/ha of invertebrate biomass for spring and autumn, 

respectively.   

Use days were calculated by multiplying estimated stopover duration at each 

location by the number of locations used in the UMR&GLR Joint Venture region (Potter 

et al. 2007).  Increases in the amount of use days increases the amount of habitat required 

for each species.  This component was adjusted to include the estimated full stopover 

duration from my empirical research.  I did not adjust the assumed number of stops in the 

UMR&GLR Joint Venture region. 

Energy requirement was based on several components.  I used the same procedure 

outlined in Potter et al. (2007).  Empirical data from my research was used to adjust two 

components of this calculation.  First, mean initial body mass was used to calculate 

existence metabolic rate for spring and autumn following Potter et al. (2007).  Second, 

the rate of mass gain for each species was used to calculate deposition of invertebrate 

mass (DIM).  The DIM was based on Kersten and Piersma (1987) who estimated that 

approximately 2 g of invertebrate forage was required to increase shorebird mass by 1 

g/day.  I retained the 2:1 ratio from Kersten and Piersma (1987), but adjusted the target of 

1 g/day of body mass gain to meet my empirically calculated rate of mass gain for each 

species.  All other components in the energy requirement calculation remained the same.  

Thus, my calculations estimated the amount of energy required to achieve the observed 

rate of mass gain, rather than the assumed rate of 1 g/day.  Rates of body mass gain 

slower than 1 g/day would decrease foraging habitat requirements, while rates faster than 

1 g/day would increase foraging habitat requirements. 
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Results 

Least sandpiper USE DAYS estimate increased from 20 days to 32 days based on 

the full stopover duration estimate of 16 days and two stops in the UMR&GLR Joint 

Venture region.  ENERGY REQUIREMENT decreased from 5.8 g to 4.4 g of forage per 

individual per day based on empirical estimates of rate of mass gain and mean body 

mass.  Total FORAGING HABITAT REQUIREMENT increased by 141% from 728 ha under the 

assumed values to 1,760 ha with empirical data (Table 22).  An individual least sandpiper 

would require 70 m
2
 of foraging habitat per stopover period. 

 USE DAYS estimate for semipalmated sandpiper increased from 20 days to 24 days 

per individual.  The full stopover duration increased from 10 days to 12 days.  The 

amount of daily forage needed for an individual semipalmated sandpiper (ENERGY 

REQUIREMENT) decreased from 6.0 g to 5.5 g with empirical estimates of body mass and 

rate of mass gain.  Total FORAGING HABITAT REQUIREMENT increased 2,422 ha (118%) to 

a total 5,194 ha (Table 22), or 66 m
2
 per individual per stopover period. 

 Estimated FORAGING HABITAT REQUIREMENT for pectoral sandpipers increased by 

183% from 1,323 ha to 3,745 ha (Table 22).  This equates to 148 m
2
 per individual per 

stopover period.  USE DAYS estimate increased from 30 days to 42 days based on 14 day 

full stopover duration.  Estimated ENERGY REQUIREMENT remained nearly steady with the 

empirical estimates, increasing 0.16 g to 10.63 g of forage per day.   

 The short-billed dowitcher USE DAYS estimate increased by >100% based on a 

much longer full stopover duration estimate.  USE DAYS under the assumed stopover 

duration (5 days) totaled 10 days; empirical estimates indicate 26 USE DAYS (FSD = 13 

days).  ENERGY REQUIREMENT also increased from 12.4 g to 13.6 g to account for larger 
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body mass (103.3 g) and a greater rate of mass gain (1.5 g/day) with empirical data.  An 

individual needs 176 m
2
 of foraging habitat per stopover period.  Total estimated 

FORAGING HABITAT REQUIREMENT increased from 358 ha to 2,039 ha (467%) (Table 22).  

 

 

Figure 20.  Estimated foraging habitat requirements for selected shorebirds species based 

on the bioenergetics model used in Potter et al. (2007).  Empirical data collected from 

autumn (July-November) migrating shorebirds in the southwest Lake Erie Marsh Region 

(2006-2013) was used to recalculate estimates of the model. 
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Bioenergetic 

Model Abundance × × × =

Species Abundance

# of 

Stops 

in JV 

Region

Source of value JV JV Empirical JV JV Empirical JV Empirical JV Empirical JV Empirical JV Empirical JV Empirical

SESA 395,062    10 12 2 20 24 26 29.4 2 1.1 6.02 5.48 2 1.004 2,378 5,194        

LESA 125,472    10 16 2 20 32 24 24.1 2 0.6 5.80 4.37 2 1.004 728     1,760        

PESA 84,211      10 14 3 30 42 75 74.4 2 2.2 10.47 10.63 2 1.004 1,323 3,745        

SBDO 57,892      5 13 2 10 26 100 103.3 2 3.0 12.38 13.60 2 1.004 358     2,039        

Foraging Habitat 

Requirements

Total Use Days 

per individual 

(days) Body Mass (g)

Daily Energy 

Requirement per 

individual (g)DIM (g)

Maintenance 

Foraging Habitat 

Requirements (ha) 

Use Days Energy Requirement (ER) (g)

Stopover 

Duration at 

each stop 

(days)

Forage Density 

(g/m
2
)

Forage Density 
-1

Table 22.  Bioenergetics model calculations as developed by Potter et al. (2007).  Empirical data are from shorebirds captured in the 

southwest Lake Erie marsh region during autumn (July-November) migration, 2006-2013. 

9
4
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Discussion 

My research sought to determine if migrating shorebirds were resource-limited in 

the LEMR, and if so, which season was most limiting.  I determined that shorebirds 

gained body mass during autumn migration food resource levels of 3-12 kg/ha.  

Alternatively, limited recapture data indicated that shorebirds migrating through the 

LEMR during spring did not gain body mass or that gains were not as large as during 

autumn.  Rather, shorebirds generally maintained body mass with weak evidence of mass 

loss by some individuals.  Spring body mass dynamics occurred with food resource levels 

of 3-10 kg/ha, similar to autumn.  Full stopover duration estimates for autumn were 

longer than assumed values of 1-5 days for SBDO and 5-10 days for LESA, SESA, and 

PESA.  Longer stopover durations could indicate birds need to remain longer to attain the 

requisite amount of body mass that enables them to continue migration or be indicative of 

high habitat quality.  Spring stopover duration estimates were inconclusive given small 

sample sizes, but limited evidence suggests shorter stopover durations than in autumn.   

Habitat assessments revealed dynamic water levels that varied with precipitation, 

wind conditions, wetland management actions, and Lake Erie water levels.  Primary 

shorebird foraging zones of saturated mud and water <5 cm deep were never the 

dominant form of habitat cover in areas I observed during spring and autumn migration 

seasons.  Vegetation cover increased throughout spring and generally remained stable in 

the autumn.  Amount of vegetation cover was higher in autumn than in spring.  A 

summary of these findings is provided in Table 23. 

A comprehensive examination of available evidence suggests that spring season is 

likely more limiting to migrating shorebirds (Table 23).  Spring presents increasing levels 
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of vegetation cover and lower invertebrate biomass.  Although sample sizes were 

somewhat limited, examination of body mass dynamics suggests birds did not gain body 

mass during spring migration and generally had shorter stopovers during which to gain 

mass necessary to complete migration. 

 

Table 23.  Spring versus autumn comparison of various components related to shorebird 

migration ecology to determine seasonal habitat limitations in the Upper Mississippi 

River & Great Lake Region Joint Venture planning area.  Data were collected in the 

southwestern Lake Erie marsh region. 

Component Spring   Autumn   

JV 

Assumption 

Body Mass 

Dynamics 

Maintain                                     
weak evidence of                         

gains (SESA) and              

declines (SEPL, DUNL) 

 

Gain                                          
0.3 - 1.5 g/day                        

rates vary based on species  

 

1 g/day 

  
   

 
 

Stopover 

Durations 
inconclusive                           

seem shorter than autumn  
all species >10 days                             

longer than expected 

 

1-5, 5-10 days                          

depending on 

species 

  
   

 
 

Invertebrate 

Biomass 

Generally lower 

3-10 kg/ha                         

wide confidence range 
 

Generally higher 

7-12 kg/ha                         

wide confidence range 

 

20 kg/ha 

spring is more 

limiting 

  
   

 
 

Primary 

Foraging Zones 
saturated mud and water <5 cm never dominate habitat zones                                                                                

generally similar prevalence across seasons 

 

. 

  
   

 
 

Deep Water 

Cover 
decline throughout 

season 
  

generally stable                      
increase late season   

. 

Vegetation 

Cover 
increase throughout 

season  
generally stable 

decrease late season 

 

. 

 

 

Estimated foraging habitat requirements increased for each of the four species based on 

empirical data relative to the UMR&GLR Joint Venture’s strategy.  The UMR&GLR 
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Joint Venture’s plan is based on the assumption that spring season is more limiting than 

autumn, however my calculations used empirical data estimates from autumn migration.  

My research did not provide information to fully support or reject the UMR&GLR Joint 

Venture’s hypothesis of spring limitation.  Nonetheless, insights gained from body mass 

dynamics, stopover duration estimates, food biomass measurements, and habitat 

assessments indicate spring season is likely more limiting for shorebirds.  Shorebirds 

failed to gain body mass during spring, and mean invertebrate biomass estimates were 

generally lower in spring than autumn (Table 23).  My recalculations of the model 

provided insights on habitat needs for the autumn season.  Since spring may have more 

limitations regarding habitat and food resources, foraging habitat requirements needed to 

maintain current shorebird population levels in the UMR&GLR Joint Venture region may 

be even higher than my calculations suggest.  Note that my calculations provided 

estimates for foraging habitat requirements with the given full stopover duration 

estimates for each species and a target rate of mass gain as developed by linear regression 

models (see Chapter 2).  This assumes that the rate of mass gain is sufficient for each 

species to complete migration in good body condition.  Should a faster rate of mass gain 

be required for successful migration, additional food and habitat resources may be 

needed.  My calculations suggest a 166% increase in foraging habitat requirement 

estimates across all four species analyzed to support current estimated populations of 

shorebirds that migrate through the UMR&GLR Joint Venture.  This estimate did not 

account for population deficits identified in the UMR&GLR Joint Venture strategy.  

Achieving increases in populations will require additional foraging habitat.  
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The most influential component of the bioenergetics model was USE DAYS.  This 

component is heavily influenced by the abundance and stopover duration estimates for 

each species.  My research did not attempt to generate revised abundance estimates.  

Abundance estimates used by the UMR&GLR Joint Venture were stepped down from 

continental population estimates to represent the UMR&GLR Joint Venture region; see 

Potter et al. (2007) for a full discussion.  Continental population estimates were derived 

from Morrison et al. (2006), who estimated breeding population of shorebirds; thus, the 

UMR&GLR Joint Venture’s estimates reflect spring migrant populations.  Autumn 

populations in the UMR&GLR Joint Venture are potentially larger, given the influx of 

juvenile birds into the population (Shieldcastle 2014), so estimating habitat requirements 

for autumn based on spring populations likely generates a minimum total habitat 

requirement. 

My research provided revised estimates for stopover duration based on empirical 

data.  Full stopover duration estimates (see Chapter 2) were longer than the UMR&GLR 

Joint Venture’s assumed stopover duration by 2-8 days (+20% to +160%, Table 22).  

Using minimum stopover durations estimated from empirical data still increased the 

amount of foraging habitat requirements for each species.  Under minimum stopover 

duration estimates, least sandpiper would require 847 ha (+16% compared to 

UMR&GLR Joint Venture plan), semipalmated sandpiper requires 2,684 ha (+13%), 

pectoral sandpiper would need 1,846 ha (+40%) and short-billed dowitcher would 

increase to 1,019 ha (+184%).  Using full stopover duration instead of minimum stopover 

duration increased the overall foraging habitat requirements for these four species by 

99.2% (Table 24).  However, given the evidence to support the use of full stopover 
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durations (see page 29), caution should be exercised in accepting these reduced habitat 

requirements.  Minimum stopover durations are known to generally underestimate the 

number of days migratory birds remain in a location (Schaub et al. 2001) and adjusting 

habitat requirements to meet the minimum could produce formidable habitat deficits for 

migratory shorebirds in the UMR&GLR Joint Venture region. 

 Meeting the habitat needs of shorebirds in the LEMR and throughout the 

UMR&GLR Joint Venture region will require habitat restoration efforts.  Wetland loss 

has been substantial throughout North America, including the UMR&GLR Joint 

Venture’s region, in the past century (Dahl 2011).  Creating or restoring wetlands in the 

landscape should be a focal priority for the conservation of shorebirds and other wetland-

dependent wildlife in the UMR&GLR Joint Venture region given the potential influence 

of wetland loss (and therefore food resources) to shorebird populations (Harrington et al. 

2002). 

Table 24.  Foraging habitat requirements as calculated by a bioenergetics model (Potter et 

al. 2007) under various stopover duration estimates.  Using full stopover duration (FSD) 

estimates rather than minimum stopover duration (MSD) results in a 99.2% increase in 

the estimated amount of foraging habitat required by semipalmated sandpiper (SESA), 

least sandpiper (LESA), pectoral sandpiper (PESA), and short-billed dowitcher (SBDO) 

in the Upper Mississippi River and Great Lakes Region Joint Venture planning area. 

  
Joint Venture Values 

Empirical Data         

MSD  

Empirical Data               

FSD 

Difference                       

(FSD - MSD) 

Species 

Code 

Stopover 

Duration 

(Days) 

Foraging 

Habitat 

(ha) 

MSD 

(days) 

Foraging 

Habitat 

(Ha) 

FSD 

(days) 

Foraging 

Habitat 

(ha) 

Foraging 

Habitat 

(ha) 

% 

change 

from 

MSD 

SESA 10 2,378 6.2 2,684 12 5,194 2,510 93.6 

LESA 10 728 7.7 847 16 1,760 913 107.7 

PESA 10 1,323 6.9 1,846 14 3,745 1,899 102.9 

SBDO 5 358 6.5 1,019 13 2,039 1,020 100.0 

TOTAL   4,787   6,396   12,738 6,342 99.2 
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Local shorebird movements in the LEMR suggest that wetland habitat restoration 

efforts should be undertaken in areas in relatively close proximity to existing wetlands.  

Over 90% of resightings of color-marked birds were within 10 km of initial banding 

locations (see Chapter 1, Local movements on page 18).  Shorebirds generally avoided 

areas of wetlands and agricultural fields that were recently re-flooded in the middle of the 

migration season, and tended to avoid areas with tall and/or dense vegetation and nearby 

tree lines (personal observation).  Conservation of shorebirds in the UMR&GLR Joint 

Venture region will improve by providing additional habitat in proximity to existing 

wetlands in a manner that takes into account the surrounding  landscape (Farmer and 

Parent 1997).   
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Appendix A: Shorebird AOU alpha codes and scientific names 
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Table 25.  Common names, American Ornithological Union (AOU) alpha codes, and 

scientific names of all species captured during spring and autumn migration in the 

southwestern Lake Erie marsh region, 2006-2013. 

  

Common Name 

Alpha 

Code Scientific Name 

American Golden-Plover AMGP Pluvialis dominica 

Baird's Sandpiper BASA Calidris bairdii 

Black-bellied Plover BBPL Pluvialis squatarola 

Buff-breasted Sandpiper BBSA Calidris subruficollis 

Dunlin DUNL Calidris alpina 

Greater Yellowlegs GRYE Tringa melanoleuca 

Hudsonian Godwit HUGO Limosa haemastica 

Killdeer KILL Charadrius vociferus 

Long-billed Dowitcher LBDO Limnodromus scolopaceus 

Least Sandpiper LESA Calidris minutilla 

Lesser Yellowlegs LEYE Tringa flavipes 

Marbled Godwit MAGO Limosa fedoa 

Pectoral Sandpiper PESA Calidris melanotos 

Red Knot REKN Calidris canutus 

Red-necked Phalarope RNPH Phalaropus lobatus 

Ruddy Turnstone RUTU Arenaria interpres  

Sanderling SAND Calidris alba  

Short-billed Dowitcher SBDO Limnodromus griseus 

Semipalmated Plover SEPL Charadrius semipalmatus  

Semipalmated Sandpiper SESA Calidris pusilla  

Solitary Sandpiper SOSA Tringa solitaria  

Spotted Sandpiper SPSA Actitis macularius  

Stilt Sandpiper STSA Calidris himantopus  

Upland Sandpiper UPSA Bartramia longicauda  

Western Sandpiper WESA Calidris mauri  

Wilson's Phalarope WIPH Phalaropus tricolor  

Wilson's Snipe WISN Gallinago delicata  

White-rumped Sandpiper WRSA Calidris fuscicollis  
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Appendix B: Lake Erie water levels and precipitation levels 
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Figure 21.  Daily Lake Erie water depth in 2012 (blue) and 2013 (red) as measured at Marblehead, Ohio, USA.  Data adapted from 

National Oceanic and Atmospheric Administration. 
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Figure 22.  Weekly precipitation totals in mm.  Seven day weeks begin on 1 March and continue until 7 November for 2012 and 2013.  

Data adapted from National Oceanic and Atmospheric Administration station in Port Clinton, Ohio, USA. 
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Appendix C: Habitat assessments  

  



115 

 

 

 

 

  

Figure 23. Percent cover of vegetation and shorebird habitat foraging zones dynamics for the Moist Soil Unit 4 (A), Boss Unit (B), 

and Moist Soil Unit 7 (C) at Ottawa National Wildlife Refuge in the southwest Lake Erie marsh region during spring shorebird 

migration, April-June 2012.   
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Figure 24. Percent cover of vegetation and shorebird habitat foraging zones dynamics for the Metzger Marsh North (A), Metzger 

Marsh South (B), Horseshoe East (C), and Horseshoe West (D) at Winous Point Marsh Conservancy in the southwest Lake Erie marsh 

region during spring shorebird migration, April-June 2012. 
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Figure 25. Percent cover of vegetation and shorebird habitat foraging zones dynamics for Blausey Unit (A), Boss Unit (B), Darby Pool 

4 (C), and Kontz Unit (D)  at Ottawa National Wildlife Refuge in the southwest Lake Erie marsh region during spring shorebird 

migration, April-June 2013. 
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Figure 26. Percent cover of vegetation and shorebird habitat foraging zones dynamics for the South Creek Estuary (A) and Horseshoe 

Island (B) at Winous Point Marsh Conservancy in the southwest Lake Erie marsh region during spring shorebird migration, April-June 

2013. 
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Figure 27.  Percent cover of vegetation and shorebird habitat foraging zones dynamics for Crane Creek Estuary 2 (A), Moist Soil Unit 

5 (B), Crane Creek Estuary (C), Mini Marsh (D), and Pool 2A (E) at Ottawa National Wildlife Refuge in the southwest Lake Erie 

marsh region during autumn shorebird migration, July-November 2012.         
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Figure 27: continued  
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Figure 28. Percent cover of vegetation and shorebird habitat foraging zones dynamics for Metzger Marsh 2 (A), Metzger Marsh (B), 

McClure’s Marsh (C), and Horseshoe East (D), at Winous Point Marsh Conservancy in the southwest Lake Erie marsh region during 

autumn shorebird migration, July-November 2012.   
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Figure 29. Percent cover of vegetation and shorebird habitat foraging zones dynamics for Blausey Unit (A) at Ottawa National 

Wildlife Refuge, South Creek (B), Horseshoe Island (C), and North Lilly (D) at Winous Point Marsh Conservancy in the southwest 

Lake Erie marsh region during autumn shorebird migration, July-October 2013.   
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