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ABSTRACT 

Risk of Mortality for the Semipalmated Plover (Charadrius 

semipalmatus) Throughout Its Life Cycle  

Simone Elise Williams  

 
Three long-term mark and recapture/resight data sets of individually marked 

Semipalmated Plovers (Charadrius semipalmatus) were analyzed using Cormack-Jolly-

Seber models.  Data came from two breeding populations (Churchill, Manitoba, Canada, 

n=982, and Egg Island, Alaska, USA, n=84) and one overwintering population 

(Cumberland Island, Georgia, USA, n=62).  For Alaska and Georgia, time-invariant 

models were best-supported, giving annual survival estimates of 0.67 (95%C.I.: 0.58-

0.76) and 0.59 (95%C.I.: 0.49-0.67) respectively.  Data from Manitoba supported a time-

dependent model: survival estimates varied from 1.00 to 0.36, with lowest estimates from 

recent years, supporting observations of local population decline.  Seasonal survival 

analysis of the Georgia population indicated lower mortality during winter (monthly 

Φoverwinter: 0.959, 95%CI: 0.871-0.988; for 6 month period Φoverwinter: 0.780 (0.440-0.929)) 

than during combined breeding and migratory periods (monthly ΦBreeding+Migration: 0.879 

(0.825-0.918); for 8 month ΦBreeding+Migration: 0356 (0.215-0.504)).  I recommend, based on 

high resight rates, continued monitoring of survival of wintering populations, to 

determine potential range-wide population declines. 

Keywords: survival, longevity, mortality, shorebird, overwinter, breeding, migration, life 

cycle   
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Chapter 1:  General Introduction  

Long distance migrations are one of the most magnificent natural phenomena 

observed worldwide.  The species of birds in the families Charadriidae and Scolopacidae 

are well documented to migrate over hemispheric proportions (Skagen 2006, Pearce-

Higgins et al. 2017).  Shorebirds breed in a vast array of habitats and biomes (Piersma 

and Lindström 2004, Garvey et al. 2013, Pearce-Higgins et al. 2017).  Those that breed in 

the high Arctic are commonly associated with non-breeding areas that are along marine 

coastlines (Piersma and Lindström 2004, Henkel et al. 2012).  By contrast, those that 

breed in the low Arctic, boreal and temperate zones are often connected with freshwater 

environments during the non-breeding season (Piersma and Lindström 2004, Henkel et 

al. 2012).  The life cycle of these long-distance migrants involves spending about a 

quarter or more of their time, during their spring and fall migrations, in transit to multiple 

geographical locations between the breeding grounds and wintering grounds (Piersma 

and Lindström 2004, Cardoso and Zeppelini 2011, Henkel et al. 2012).  The cyclic nature 

of their migration and their high site fidelity to breeding, stopover and wintering locations 

has given shorebirds the title of “sentinels of the planet’s health” as their flights and 

habitats cross international borders, over different biomes and climate zones (Piersma and 

Lindström 2004, Wormworth et al. 2011, Méndez et al. 2018).  As a result, the health of 

their populations (the balance of their demographics, mortality rate, timing of migration, 

plumage status, body mass, etc.) can be considered indicators of the sustainability of the 

ecosystems that they use (Piersma and Lindström 2004, Skagen 2006, Henkel et al. 

2012).  
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The study of shorebirds presents an opportunity to provide insight into where and 

how conservation management efforts should be implemented to safeguard the planet’s 

diversity, dynamics and overall quality of the environment (Piersma and Lindström 2004, 

Henkel et al 2012, Pearce-Higgins et al. 2017, Méndez et al. 2018).  Success during 

breeding relies on adequate body condition of the birds during the spring, en route to the 

breeding grounds, so that they have sufficient reserves to make the full migratory flight 

(Morrison et al. 2007) and then engage in reproductive activities.  During the summer, 

poor breeding success is indicative of either adverse weather conditions or high predator 

density (Piersma and Lindström 2004, Henkel et al. 2012).  Additionally, low 

reproductive success may be associated with inability to replenish fat stores on the 

breeding grounds, since some shorebirds are income breeders (Klaassen et al. 2001)  

Similarly, by examining body condition and whether the birds have moulted during the 

autumn season we can infer the quality of the staging area, which depends partly on 

climatic conditions (Johnston 1964, Piersma and Lindström 2004).  Likewise, inspection 

of the condition of shorebirds while they are still on their non-breeding grounds can 

indicate the abundance of food, how good the weather was, and the risk of being 

depredated (Ydenberg et al. 2002, Piersma and Lindström 2004).   

Most North American shorebirds that breed in subarctic or Arctic regions migrate 

through coastal or inland areas of Canada and the United States and then spend their non-

breeding season in the southern United States and/or the Caribbean, Central and South 

America (Pearce-Higgins et al. 2017).  The timing of southward migration is correlated to 

the weather conditions and quality of the staging areas, including the abundance of food 

and level of predation occurring on the area (Piersma and Lindström 2004, Kober and 
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Bairlein 2009, Gill et al. 2014).  Stopover site philopatry is linked to quality of the 

staging area, and it appears that a high number of birds returning year after year indicates 

higher stopover quality (Bonter et al. 2007, Meissner 2007, Warnock 2010).  Hence, 

migratory shorebirds are reliant on habitat quality throughout their annual cycle and 

changes in survival among years or seasons can indirectly convey the health of the 

ecosystems they inhabit (Piersma and Lindström 2004).   

On breeding grounds, studies on the ecology and conservation of Arctic breeding 

shorebirds span a broad array of topics including timing of breeding, nesting and hatching 

success, juvenile and fledgling survival, courtship and foraging behaviour, social 

structure, spatial use, mate retention, parenting, responses to severe weather events, 

climate change, sea level rise, human interactions, habitat loss or fragmentation and 

predator and prey cycles  (e.g. Baker 1979, Powell 2001, Cohen et al. 2007, Ballantyne 

and Nol 2011, Smith et al. 2012, Garvey et al. 2013).  Likewise, on the wintering 

grounds, studies have centered on habitat selection, population surveys, feeding 

regimens, diet, energy usage, physiology, and phenology (Smith and Nol 2000, Drake et 

al. 2001, Barbieri and Mendonca 2005, Kober and Bairlein 2009, Rose and Nol 2010, 

Brindock and Colwell 2011).  During shorebird migration however, there continue to be 

many knowledge gaps (Rocque et al. 2006, Carlisle et al. 2009) and the complete 

migratory pathways of many shorebirds are yet to be elucidated (Ng et al. 2018).   

Global Positioning Systems (GPS), geolocator technology, radio transmitters and 

distinct colour band combinations have allowed for many advances in tracking where 

birds migrate, breed and spend their long non-breeding seasons (Drake et al. 2001, 

Stucker et al. 2010, Thorup et al. 2017, Ng et al. 2018).  In turn, this has given ecologists 
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a better understanding of the connectivity and physiological limitations to certain staging 

and stop-over sites on the migration flyway (Smith et al. 1991, Baker et al. 2004, Skagen 

2006, Lindström et al. 2010, Ng et al. 2018).  For example, the Red Knot (Calidris 

canutus rufa) flys from Tierra del Fuego, Argentina to Delaware Bay, U.S.A. appears to 

be synchronised so that upon arrival in Delaware Bay, they are in time for the spawning 

season of the Atlantic horseshoe crab (Limulus polyphemus) (Baker et al. 2004, Morrison 

and Hobson 2004, Skagen 2006).  Red Knots feed on the roe, which are highly nutritious 

and allow the migrants to replenish depleted fat stores to continue their flight to breed in 

the High Arctic (Baker et al. 2004, Skagen 2006, Morrison et al. 2007).  The energetic 

costs, risks of starvation, predation, drift and disorientation due to severe weather events 

are all inherent dangers associated with migrating thousands of kilometers to reach their 

breeding grounds in the remote Arctic regions (Alerstam 2001, Baker et al. 2004, 

Meissner 2007, Morrison et al. 2007, Gilg and Yoccoz 2010, Lindström et al. 2010).  

However, the benefits of reduced predation at higher latitudes, open landscapes, 

increased daylight, low pathogenic risks, limited competition and the emergence of 

abundant invertebrate food resources balance out the vulnerabilities and unknown perils 

that can be experienced during long distance migration (Gilg and Yoccoz 2010, 

McKinnon et al. 2010).  The trade-offs and benefits for migrating to the Arctic breeding 

grounds, allow shorebirds the best start for their offspring, while keeping their own 

probability of survival high (Lindström 1999, Gilg and Yoccoz 2010, McKinnon et al. 

2010).  However, the warming temperatures in northern polar regions may alter the 

balance between the costs and benefits of long-distance migration.  
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Climate change models and projections of predator-prey relationships show that 

prey outbreak cycles, and in particular, lemming cycles, may become less frequent or 

disappear, since peaks in the abundance of prey occur as a result of breeding during long 

cold winters (Ims et al. 2011, 2013).  These changes in predator-prey relationships can 

have impacts on shorebirds because during high lemming years, typically, predators (e.g. 

Arctic fox, Vulpes lagopus) would rarely feed on shorebirds (McKinnon et al. 2014), thus 

enhancing shorebird reproductive success.  Additionally, the current warming trends, 

most pronounced at high latitudes where many shorebird species breed, may alter the 

timing of migration which could impact arrival times at key staging areas or stop-over 

sites and hence, availability of food resources (Walther et al. 2002, Rakhimberdiev et al. 

2018).  Furthermore, models of sea level rise predict that coastal nesting and foraging 

areas could be lost due to melting ice and thermal expansion (Seavey et al. 2011).  In 

addition to the loss of 6 million hectares of eastern seaboard, it is expected that there will 

be increased erosion, storm flooding and loss of barrier islands, which are key habitats for 

many migrating and wintering shorebird species (Seavey et al. 2011, Sims et al. 2013).  

Habitat loss of this extent would undoubtedly threaten and endanger many wildlife 

populations (Seavey et al. 2011).  Having survival estimates of shorebirds as baseline 

levels prior to the main impacts of climate change will be helpful in determining where 

and when in the annual cycle these impacts are most serious to the viability of shorebird 

populations (Piersma et al. 2016, Weiser et al. 2017).  Having annual survival estimates 

from multiple locations can help to understand whether individual flyways are 

experiencing higher than sustainable mortality (Weiser et al. 2017).   
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Understanding the population dynamics of shorebirds is crucial, especially in light 

of current population declines (Morrison et al. 2006, Ross et al. 2012, Smith et al. 2012).  

Life cycle analyses on long distance migrants have been one method used to decipher 

whether the migratory, overwintering or breeding phases are experiencing the highest 

mortality (Sillett and Holmes 2002) and thus, at which life stage populations are most 

vulnerable.  However, to conduct a life cycle analysis requires a large data set with 

multiple resightings or recaptures of marked individuals over time from both breeding 

and wintering populations (Sillett and Holmes 2002).  It is very rare to find a candidate 

species that meets these requirements (Sandercock 2006).   

For a combined total of over thirty years on the breeding grounds of Churchill, 

Manitoba, Canada, on Egg Island, Alaska, USA and on the wintering grounds of 

Cumberland Island, Georgia and the coastline of South Carolina, USA, there have been 

ongoing population studies of marked populations of Semipalmated Plover (Charadrius 

semipalmatus)  (Nol et al. 2010).  Like many species of Charadrii, this long-distance 

migrant shows a high degree of site fidelity (Nol et al. 2010) to breeding (Flynn et al. 

1999) and wintering sites (E. Nol pers. comm.).  However, unlike other shorebirds, 

Semipalmated Plovers seem to have a relatively stable population; and yet, they share 

wintering and breeding areas with many declining shorebird populations (Sprandel et al. 

2000, Lishman et al. 2010, Brown et al. 2012, Ross et al. 2012).  Improving our 

understanding and knowledge of this species’ demographics throughout its life cycle 

should provide insights that can be related to or used as a model for other threatened or 

endangered shorebirds (Stenzel et al. 2007, Morrison et al. 2012). 
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In Chapter 2 of my thesis I provide annual survival estimates from three 

populations of Charadrius semipalmatus (Semipalmated Plover or SEPL), studied on the 

breeding grounds in Copper River Delta, Alaska, USA and Churchill, Manitoba, Canada, 

and on the overwintering grounds in Cumberland Island, Georgia, USA.  I treat these as 

three distinct populations because there is little evidence of mixing on the Georgia 

wintering grounds (E. Nol pers. comm.). For the Churchill breeding population, I also 

examine factors that may influence annual survival.  Whereas most annual survival 

estimates come from breeding populations, I provide one of the first based on a colour-

marked population on the wintering grounds.  Given that the migratory pathways of the 

three populations are not completely well-known, any differences in survival can lead to 

further research to determine the source and stopover sites of each population, thus 

informing conservation management.  I hypothesize that there will be variation in the 

survival estimates based on the source of the mark-recapture data.  I predict that estimates 

of annual survival from the wintering grounds will have larger confidence intervals in the 

estimate because there may be greater variability in detection probabilities during winter 

because birds are not tied to their breeding sites.  Additionally, the survival estimates 

derived from non-breeding populations may be lower because apparent survival, based on 

mark-recapture, cannot distinguish permanent emigration from mortality and birds during 

the non-breeding season may disperse permanently out of the original capture site.  

In Chapter 3 I calculated the non-breeding (seasonal) survival of Semipalmated 

Plovers based on repeated observations of a population in southeastern Georgia and 

examine inter annual variation in this rate.  Previous work on survival of plovers has 

indicated that mortality during the non-breeding season is low (Drake et al. 2001) and 
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that most mortality for shorebirds occurs outside of the non-breeding season (Piersma et 

al. 2016).  Therefore, I also predict that survival will be relatively high during the winter 

months.  As birds typically show Type 1 survival curves (Botkin and Miller 1974), I also 

predict that the best model supporting the data during the non-breeding season is one that 

is time independent.  I also discuss the limitations of this study for assessing the mortality 

rate during the migratory phase and recommendations for adjustment of field survey 

efforts to better assess migratory mortality rates.  I provide an appendix with longevity 

records from the marked populations, since no longevity records have been compiled 

since 2013 (Nol and Blanken 2014) and the presence of older individuals in a population 

can provide opportunities for studying age-related reproductive success.  Finally, I end 

with a general discussion examining future directions.  
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Chapter 2: Annual survival estimates of Semipalmated Plovers derived 
from two breeding and one non-breeding location 

Abstract 

Understanding population dynamics is crucial to deciphering factors that regulate 

populations and key to understanding the current decline of Western Hemisphere 

shorebirds.  Annual survival estimates are usually obtained from single locations.  The 

present study provides a comparison of annual survival estimates of Semipalmated Plover 

(Charadrius semipalmatus), from three locations with the hypothesis that the two 

populations from the breeding grounds should yield both higher rates of resighting 

probabilities and higher apparent survival than the non-breeding ground study because 

birds are more strongly tied and are presumed to have higher site fidelity to breeding 

grounds.  Estimates of apparent survival were derived from repeated annual surveys on 

breeding grounds in Churchill, Manitoba from 1992-2013 (nbanded=982, 

resight/recaptures=400), the Copper River Delta, Alaska (2006-2008, 2011-2015, 

nbanded=84, resight/recapture=39) and on the non-breeding grounds in Cumberland Island, 

Georgia (from 2003-2013, nbanded=62, resight/recapture=47).  Cormack-Jolly-Seber 

models were used to examine and compare apparent survival probabilities.  As per our 

prediction, the apparent survival rates from the breeding populations in Churchill, 

Manitoba and Alaska were higher than those obtained from resightings of birds on the 

non-breeding grounds in Georgia.  However, resighting rates of birds in the Georgia non-

breeding grounds were about 97%, indicating a high degree of non-breeding ground site 

fidelity.  This estimate was higher than resighting probabilities obtained from either of 

the breeding grounds.  Confidence limits of survival estimates from all three populations 

were relatively wide.  The Churchill apparent survival showed its lowest values in the 
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most recent years of study.  By contrast, both data from the Alaska population and from 

the wintering grounds supported a time-invariant model, but with lower survival in 

Georgia than in Alaska (Alaska: 0.67±0.05; Georgia: 0.59±0.05).  I suggest that once 

birds arrive at their non-breeding grounds, there is high site fidelity to these areas.  This 

has implications for conservation if the quality of the foraging areas decline or there is an 

increase in predation.  Movement away to other, potentially better sites, may not occur.  
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Introduction 

The Semipalmated Plover, Charadrius semipalmatus, is a socially monogamous 

shorebird with a high degree of site fidelity for breeding areas (Flynn et al. 1999, 

Lishman et al. 2010).  Recent studies of migratory shorebirds have shown a decline, 

where about 61% of North American shorebird populations have declined in the last 30 

years (Andres et al. 2012, Murchison et al. 2016). One demographic parameter that is 

critically important in understanding population trajectories is adult survival (Hitchock 

and Gratto-Trevor 1997, Weiser et al. 2017).  While fecundity is obviously important, 

populations with low adult survival will decline rapidly (Zöckler et al. 2013).  While 

survival estimates for some North American Arctic breeding species are now known 

across their wide breeding ranges (Weiser et al. 2017), there are no published estimates of 

the apparent adult survival of Semipalmated Plovers, except for examining adult survival 

of natal recruits into a population (Nol et al. 2010).  Return rates for this species are 

relatively high (40-59%) to two breeding locations (Churchill, MB: Flynn et al. 1999, 

Akimiski Island, NU: Lishman et al. 2010).  However, return rates are minimal estimates 

of survival and must be corrected for both resighting rates: movement out and then back 

into a study area (Sandercock 2006).  If birds skip years and are not seen in intervening 

years, return rates can underestimate survival rates (Sandercock 2006).  

Unlike many shorebirds, Semipalmated Plover populations are not declining 

significantly (Andres et al. 2012).  Given that this species has a very wide non-breeding 

range from coastal regions in the southern United States to central Brazil and the west 

coast of Peru, Ecuador and Chile (Nol and Blanken 2014), the less concentrated non-

breeding distribution may play a role in this species robustness to population declines.  
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Survival estimates determined by mark-recapture techniques incorporate the 

probability of resighting; and can also model if there are effects of sex and other 

covariates on the survival estimate (Sandercock 2006).  Although recent estimates of the 

survival of several species of shorebirds were improved using spatially explicit models 

(Weiser et al. 2017), these improvements were primarily evident in larger species that 

dispersed long (> 1 km) distances between breeding attempts.  As traditional mark-

recapture analyses cannot distinguish between permanent emigration and death, 

incorporating spatially explicit patterns of inter-annual dispersal will reduce the apparent 

rate of mortality.  Semipalmated Plovers are known to disperse relatively short-distances 

(< 200 m) between breeding attempts (Flynn et al. 1999, Lishman et al. 2010) so we 

assume that the much more complicated spatially explicit models are not required here.  

Additionally, adult survival estimates are more precise (e.g. smaller confidence intervals) 

where resighting probabilities are highest.  We assumed that we would have the highest 

resighting probabilities on two breeding locations and that birds during non-breeding, 

because they are not attached to a specific breeding site, would, as a result, be seen less.  

Therefore, we predicted that estimates of annual survival from non-breeding season 

locations would be less precise (e.g. larger confidence intervals) than those from breeding 

locations.  We also predicted that the estimate of apparent survival would also be lower 

from resightings taken from a non-breeding location because individuals would have the 

ability to move permanently away from the non-breeding location without sacrificing 

reproductive success.  We documented annual survival from three populations, two of 

which consist of breeding birds and one consisting of birds on their non-breeding 
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grounds.  Finally, we also examined causes of annual variation in adult survival from a 

long-term study (Nol et al. 2010) conducted in Churchill, Manitoba (Nol and Blanken 

2014).  

 

Methods 

  The exact wintering locations of specific breeding populations of the 

Semipalmated Plover are unknown (Nol and Blanken 2014).  However, a previous study 

of trace elements obtained from both breeding and wintering grounds (Storm-Suke 2012) 

suggested that birds wintering in the western part of the North American continent were 

partially assigned to non-breeding locations in the southeastern United States.  Birds 

breeding in Churchill, Manitoba, were tentatively assigned to wintering locations in 

northern South America.  Based on band resightings during the non-breeding season, 

birds banded in Alaska were seen in Ecuador, Florida, and Oregon; while birds banded in 

Manitoba were seen in French Guyana and Maine (Storm-Suke 2012).  Aerial and 

terrestrial surveys of Samborombón Bay, Buenos Aires Province, Argentina, have seen 

small to medium groups of Semipalmated Plovers in January (Summer), April (Autumn) 

and September (Spring), with the largest numbers seen in September, with an estimated 

mean abundance of 1,319 (SD: 1,216) (Martínez-Curci and Isacch 2017).  Thus, while a 

picture of the migratory connectivity of this species is beginning to emerge, there are still 

many uncertainties.  As a result, for this study, we chose three locations of convenience 

where other studies on banded Semipalmated Plovers had previously been conducted 

(Figure 2.0).  However, the methods on each field site varied depending on the goals at 
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each field location, and so this study extracted the data available from the available 

observations.  

 

Cumberland Island, Georgia 

As part of a study on the foraging ecology of Semipalmated Plovers on their non-

breeding grounds (Rose and Nol 2010, Rose et al. 2016), Georgia Department of Natural 

Resources personnel helped to capture a sample of 62 SEPL that were roosting on a 

beach on Cumberland Island Georgia.  Cumberland Island is part of the Cumberland 

Island National Seashore and is a largely uninhabited island (Figure 2.1).  Visitors came 

to the island daily by a commercial ferry service, but few walk down to the south end 

where the Semipalmated Plovers and other species of shorebirds roosted in large 

numbers.  Occasionally, and especially on weekends, boats landed on the south end and 

boat owners and/or their dogs sometimes caused the birds on the roost to fly.  

Semipalmated Plovers were captured on a high tide roost either on 11 March 2003 

(13 birds) or on 23 March 2003 (49 birds).  The daily movements of birds from this roost 

had been observed throughout Jan to Mar of 2003 (Rose and Nol 2010).  Birds were 

captured using a canon net, and each captured individual was given a unique colour-band 

combination consisting of either two or three colour bands on the right lower leg (to 

increase visibility, Figure 2.2), and either a white (for banded in Canada) or green (for 

banded in USA) flag and aluminum government issued band in the case of those who 

were given two colour bands, or simply an aluminum band on the left lower leg.  Local 

human residents, Pat and Doris Leary, participated in the original catch effort and 

subsequently volunteered to return to the original study site and the adjacent foraging 
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areas that had been identified as part of the foraging study, to observe and resight banded 

individuals.  Pat and Doris Leary used a boat and resighted birds at 46 subsequent 

locations during the periods October to March, 2003 to 2006.  Many individuals were 

both recorded and photographed.  Semipalmated Plovers were viewed relatively easily in 

a large mixed flock with other plovers and sandpipers, while foraging or resting along the 

mud banks, beaches and docks along the perimeter of Cumberland Island.  The flock 

would sometimes take flight in response to predators (often Peregrine Falcon, Falco 

peregrinus) or would stand in a lower crouched position in the sand or mud while 

keeping very quiet and still.  The flock would often take flight on researchers’ initial 

approach on the shoreline and circle around the researchers before settling down in the 

same area to continue to forage.  It was assumed that they did not see the researchers as a 

threat or predator and so returned to forage, which allowed the team to survey them in 

close proximity (P. Leary pers. comm.).  Also, flocks were less likely to take flight from 

a boat and were relatively easy to detect. 

Observations were primarily made during the winter months, but Pat and Doris 

also saw some banded individuals during the months when we presumed that they should 

have been on their breeding grounds.  The observations of resighted birds made during 

October to March comprised the data set used to estimate annual survival and resighting 

probabilities from the non-breeding grounds.  The first resightings of banded individuals 

occurred between October and March of 2004. 

 

Egg Island, Alaska 
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As part of a collaborative study with Dr. Mary-Anne Bishop, from the Prince 

William Sound Center, Cordova, Alaska, we documented site fidelity and survival of 

Semipalmated Plovers at a breeding site on Egg Island, Alaska (53.8635° N, 166.0490° 

W), approximately 16 km southwest of the town of Cordova.  Egg Island is a sand barrier 

island with a small dune system.  Semipalmated Plovers nested behind the primary dunes 

in low areas where there was an abundance of driftwood.  The field work for this portion 

of the study was restricted to 7 to 10 days in the end of May or beginning of June, during 

the peak of the incubation period.  The field season was short because the island is owned 

by the U.S. Forest Service and access was tightly regulated.  During the field season, 

personnel (usually 2-3) walked the length of the interior of the island and identified all 

banded individuals from previous field seasons, as well as located new nests.  Once nests 

were located, and after the nests contained at least 4 eggs, unbanded adults were captured 

using walk-in traps and banded with two or three colour bands and a green flag.  This 

annual survey of nests and resighted individuals was conducted for the years 2007 to 

2009 and then again 2011 to 2015.  

Resightings of plovers on Egg Island were conducted primarily by one technician 

who was a constant through the years, although she was often accompanied by other 

researchers who helped to find nests.  

 

Churchill, Manitoba 

  As with the other two projects, the field work near the town of Churchill, 

Manitoba, was focused on a variety of objectives not directly related to deriving survival 

estimates (e.g. Flynn et al. 1999, Zharikov et al. 2000, Nol et al. 2010), but also included 
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banding adults at the nest, and upon hatch, 1-2 day old nestlings.  Resightings in 

subsequent years included both banded individuals who were associated with nests as 

well as individuals whose nests were not found.  These two groups were not 

differentiated in the data set.  The study area and effort to locate previously banded birds 

were kept relatively constant among years (Flynn et al. 1999).  Nests were located at 8 

primary locations within 30 km of the town of Churchill, Manitoba (Figure 2.1).  

Resightings included data from birds banded from 1992 to 2013.  The first resightings 

were made in 1993. 

In Churchill, Manitoba, the ability to observe and identify plovers changed over 

the breeding season.  At the beginning of the breeding season, male Semipalmated 

Plovers were often observed in the air, due to their display flight and song.  However, 

because of their display flight and digging nest scrapes (small depressions in the 

substrate) it was difficult to identify the band combinations.  Band combinations were 

best confirmed when birds were recaptured on the nest.  In Churchill, Manitoba, 

surveyors differed in level of experience depending on the personnel, which often 

changed annually.   

  

Data Analysis 

For each study location, an input data set was created using the encounter 

histories of all banded individuals.  Encounter histories were organized for all data sets in 

Microsoft Excel 2010 so that only annual observations were included (e.g. a bird was 

observed any time in one non-breeding or breeding season or any time in the next).  

Using Cormack-Jolly-Seber (CJS) models within Program Mark (Cooch and White 
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2014), Semipalmated Plover apparent survival (Φ) and resight (ρ) probabilities were 

estimated for each of the study populations.  I used the CJS model because Semipalmated 

Plovers exhibit open population characteristics, where the individuals are able to freely 

immigrate and emigrate despite the relatively high site fidelity observed in this species 

during breeding season (Flynn et al. 1999).  Hence the CJS model infers these values, 

from the complement of the Φ probability value, where the complement gives an estimate 

of the number of deaths and permanent emigration out of the population and the ρ 

complement denotes the probability of not detecting a Semipalmated Plover or temporary 

emigration out of the population during the year or season (Sillett and Holmes 2002).  

Encounter histories mostly contained equal time intervals of observations (e.g. years).  

For Cumberland Island and Egg Island, observations were yearly.  For Egg Island, the 

period 2009 to 2011 had no observations because no personnel went to the island to 

observe.  Thus, we specified a time interval of 3 years to account for the period when 

researchers were not able to encounter plovers.  In the data from Churchill the resighting 

intervals were annual.  

Annual survival estimates were modelled as a function of sex (when known), 

time, year or a combination of year and sex.  All resightings were of adult birds.  

Although some of the individuals in Churchill were locally hatched, this number 

comprised a very small proportion of the total (Nol et al. 2010) so we did not distinguish 

between these birds and all others with unknown breeding origins.  The birds observed on 

Cumberland Island were not sexed as Semipalmated Plovers cannot be easily sexed using 

morphology or plumage characteristics during the non-breeding season (Nol et al. 2013).  

The most parsimonious model was selected based on Akaike’s Information Criterion 
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(AIC), by comparing the model weights and delta AIC values (Cooch and White 2014).  

When AIC values between the models differed by a small amount based on the “rule of 

thumb”, where delta AIC values were less than 2, the c-hat (ĉ) was calculated, where a c-

hat greater than 1 indicated the data were over dispersed and needed to be adjusted for a 

better fit (Cooch and White 2014).  The Bootstrap Goodness of Fit (GOF) test was run 

using 500 simulations with the adjusted c-hat value, where the Quasi-Akaike’s 

information criterion (QAICc) weights and delta QAICc were used to compare the 

models for parsimony (Cooch and White 2014).   
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Figure 2.1: Locations where Semipalmated Plovers (Charadrius semipalmatus) have 

been banded or resighted.  Churchill, Manitoba and Egg Island, Alaska were the locations 

where breeding surveys were conducted.  On the wintering grounds, Cumberland Island, 

Georgia was surveyed.  Suriname and French Guiana were not surveyed as part of this 

study, but resighting data and stable isotope feather analysis indicate this is a major 

overwintering area for birds banded in Churchill.  
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a) 

 

b) 

 

Figure 2.2: Semipalmated Plovers banded in Churchill Manitoba (a) and Cumberland 

Island Georgia (b) with colour bands and metal band with identification number (a) and 

flag (b).    
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Results 

We obtained encounter histories of 62 individuals over three years from 

Cumberland Island, Georgia, 89 individuals over 9 years (including the 2008 to 2011, 

where no surveys were conducted) from Egg Island, Alaska, and a much larger sample of 

982 individuals over 21 years from Churchill, Manitoba, Canada (Table 2.1). 

 

Annual Survival Models 

The most parsimonious models for both overwintering grounds in Cumberland 

Island, Georgia, and the breeding grounds in Egg Island, Alaska, were time invariant, 

showing a constant apparent survival for the periods (Table 2.2).  By contrast, the most 

parsimonious model for Semipalmated Plovers that bred in Churchill, Manitoba, 

contained time, where apparent survival varied as a function of year (Table 2.3).  

The apparent survival estimate given by the time invariant model for Cumberland 

Island, Georgia, was 0.59±0.05 (95% CI: 0.49-0.67) while apparent survival on Egg 

Island, Alaska, was 0.67±0.05 (95% CI: 0.58-0.76).  The overlapping range in confidence 

intervals between these two populations indicates they share similar survival probabilities 

(Table 2.3 & Figure 2.3).  In contrast, the Churchill, Manitoba, encounter histories 

indicated survival estimates that varied annually (Figure 2.3).  The observed fluctuation 

consisted of an initial, almost sinusoidal function, where the alternating pattern of high 

and low survival estimates for the period of 1992-2005 and the troughs in survival 

estimates rebounded to a higher peak the following year (Figure 2.3).  From 2006-2009, 

the survival estimates were similar; however, in the year 2010 there was a spike in the 

survival estimate (1.00±0.00, 95% CI: 1.00-1.00) followed by a significant low 
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(0.48±0.20, 95% CI: 0.16-0.82) in 2011.  In 2012 the survival estimate did not rebound as 

seen in previous years but continued to decline (Figure 2.3).   

 

Annual Resight Probability Models 

Resight probabilities were constant cross the study years on Egg Island, Alaska, 

0.74±0.07 (95% CI: 0.58-0.85) as they were on Cumberland Island, Georgia, 0.97±0.03 

(95% CI: 0.83-1.00).  The resight estimates varied annually for the Churchill, Manitoba, 

population (Figure 2.4).  From 1992 to 1999 the resight probability showed a very loose 

negative parabolic shape, which peaked in 1995 to 1996 (ρ: 0.80±0.06, 95% CI: 0.85-

0.89) followed by a trough in 1999 to 2000 (ρ: 0.35±0.09, 95% CI: 0.23-0.58).  Similar 

resight probabilities were estimated from 2000 to 2005 and increased 2005 to 2006 

(Figure 2.4).  Resight probability estimates gradually declined with the lowest estimates 

in 2010 at 0.22±0.05 (95% CI: 0.14-0.32) and in 2011 at 0.17±0.08 (95% CI: 0.06-0.38).  

In 2012, the resight probability increased to 0.36±0.00 (95% CI: 0.36-0.36).   
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Table 2.1: Locations of study areas, life stage, period of study and number of marked 

individuals.  The “*” indicated the periods where preliminary surveys were conducted, 

however those marked individuals were removed from our survival analysis. 

Location Breeding or 

Overwintering 

grounds 

Period (years of study) Number of 

marked 

individuals 

Churchill, Manitoba Breeding 1986*, 1988*, 1992-2013 982 

Egg Island, Alaska Breeding 2006-2008, 2011-2015 84 

Cumberland Island, 

Georgia 

Overwintering 2003-2006 62 
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Table 2.2: Models of annual survival (Φ) and recapture (ρ) probabilities for adult C. semipalmatus derived from a 

Cormack-Jolly-Seber (CJS) model of the mark-recapture data from Churchill, Manitoba; Egg Island, Alaska, and 

Cumberland Island, Georgia.  Table includes number of estimable parameters (k), second-order Akaike’s 

information criterion values (AICc) or Quasi Akaike’s information criterion values (QAICc), AICc or QAICc 

differences (∆), and QAICc weights (ω).  The subscripts parameterize Φ and ρ where “.” indicates time invariance, 

“t” means time dependence over years, “g” is sex dependence (male, female or unknown.  Churchill data only) and 

the “*” is used to join subscripts to show fractional parameters in the model.  Best fit models are bolded.  

  Churchill  Egg Island Cumberland Island

 Model k QAICc ∆ ω  k QAICc ∆ ω  k AICc ∆ ω 

1 Φt ρt 41 2970.93 0.00 0.76  13 206.69 8.54 0.01  5 183.10 3.76 0.04 

2 Φg ρt 24 2974.25 3.32 0.15  10 203.13 4.99 0.04      

3 Φ. ρt 22 2975.20 4.27 0.09  8 200.80 2.65 0.12  4 181.95 2.61 0.08 

4 Φg ρ(g*t) 66 3006.95 36.02 0.00  21 227.35 29.20 0.00      

5 Φ. ρ(g*t) 64 3007.69 36.76 0.00  19 224.40 26.26 0.00      

6 Φ(t) ρ(g*t) 83 3007.91 36.98 0.00  24 233.29 35.15 0.00      

7 Φ(g*t) ρt 77 3010.28 39.35 0.00  25 227.87 29.72 0.00      
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8 Φt ρg 24 3024.34 53.41 0.00  10 205.91 7.76 0.01      

9 Φt ρ. 22 3031.18 60.25 0.00  8 202.41 4.27 0.05  4 182.97 3.63 0.05 

10 Φ(g*t) ρ(g*t) 108 3043.16 72.23 0.00  34 253.40 55.25 0.00      

11 Φ(g*t) ρ(g) 60 3058.78 87.85 0.00  21 221.97 23.82 0.00      

12 Φ(g*t) ρ. 58 3064.51 93.58 0.00  19 219.04 20.89 0.00      

13 Φ. ρg 4 3103.16 132.22 0.00  4 201.56 3.41 0.08      

14 Φg ρg 6 3103.69 132.76 0.00  6 202.65 4.50 0.05      

15 Φ. ρ. 2 3104.48 133.55 0.00  2 198.14 0.00 0.45  2 179.33 0.00 0.84 

16 Φg ρ. 4 3107.09 136.16 0.00  4 199.86 1.71 0.19      
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Table 2.3: Estimates of annual apparent survival for adult C. semipalmatus in Churchill, 

Manitoba, Copper River Delta, Alaska, and on the over-wintering grounds on 

Cumberland Island, Georgia, based on the top models.  Model notations in Table 2.2. 

Location Model Years Survival 

Estimates 

95% C.I. (lower – 

upper) 

Georgia Φ. ρ. 2003-2004, 2004-

2005, 2005-2006 

0.59±0.05 0.49-0.67 

Alaska Φ. ρ. 2006-2007, 2007-

2008, 2011-2012, 

2012-2013, 2013-

2014, 2014-2015 

0.67±0.05 0.58-0.76 

Churchill Φt ρt 1992-1993 0.57±0.15 0.28-0.82 

  1993-1994 0.81±0.08 0.60-0.92 

  1994-1995 0.76±0.08 0.59-0.88 

  1995-1996 0.53±0.06 0.41-0.64 

  1996-1997 0.86±0.07 0.65-0.95 

  1997-1998 0.51±0.07 0.38-0.63 

  1998-1999 0.83±0.17 0.29-0.98 

  1999-2000 0.39±0.10 0.22-0.59 

  2000-2001 0.82±0.14 0.40-0.97 

  2001-2002 0.90±0.16 0.24-1.00 

  2002-2003 0.61±0.12 0.38-0.81 

  2003-2004 0.79±0.14 0.43-0.95 

  2004-2005 0.55-0.09 0.38-0.72 

  2005-2006 0.72±0.07 0.56-0.84 

  2006-2007 0.73±0.08 0.54-0.86 

  2007-2008 0.81±0.11 0.51-0.94 

  2008-2009 0.72±0.14 0.40-0.91 

  2009-2010 0.77±0.16 0.35-0.95 

  2010-2011 1.00±0.00 1.00-1.00 

  2011-2012 0.48±0.20 0.16-0.82 

  2012-2013 0.36±0.00 0.36-0.36 
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Figure 2.3: The apparent annual survival probabilities (± SE) of the Semipalmated Plover overwintering in Cumberland Island 

(Georgia) and on the breeding grounds in Egg Island (Alaska) and Churchill (Manitoba).  Estimates were generated from the most 

parsimonious model for each population.  For example, only data from the Churchill population were supported by a model with 

survival varying over time, so the annual estimates are provided.  
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Figure 2.4: Probability of resighting (± SE) of Semipalmated Plovers on the breeding grounds in Churchill, Manitoba, based on the 

most parsimonious model. 
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Discussion 

Despite potential differences in the rates of permanent emigration and resighting 

from the non-breeding and breeding study areas, apparent adult survival estimates from 

all three populations were very similar.  Although the magnitude of mean apparent 

survival from the Georgia non-breeding location was lower than that from either breeding 

site, the confidence limits of apparent survival estimates overlapped.  Thus, this suggests 

that adult survival estimates are relatively robust to our method of observation, stationary 

stage (e.g. breeding or non-breeding), as well as migratory path.  This is very similar to 

results from a recent paper that also reported few ecological or environmental conditions 

correlate with adult survival in 25 species of migratory shorebirds (not including 

Semipalmated Plover), studied across the North American and Russian Arctic on their 

breeding grounds (Weiser et al. 2017).   

A caveat for results indicating most support for time-invariant models for the 

Alaska and Georgia data are that time effects may have been easier to detect with the 

much larger sample size included in the Churchill data (Kordjazi et al. 2016).  The 

estimates of survival yielded from small sample sizes may show bias when survival rates 

are low, especially for inverse J-shaped population growth (Fiske et al. 2008).  However, 

estimates from small sample sizes can be accurate if greater survey effort includes adult 

dispersal (Anders and Marshall 2005, Horswill et al. 2018).  We acknowledge there are 

limitations to experimental design in field surveys, and that these results may lack 

precision.  High resight rates in both Alaska and Georgia indicate that dispersal may not 

be important, despite our predictions that birds would potentially disperse, especially 

when not tied to a breeding site.  As the average survival estimates from the three studies 
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are quite similar, despite the differences in number of individuals, suggests that these 

results are representative of true survival.  

   

Annual Apparent Survival & Connectivity  

Shorebirds exhibit high site fidelity for both their wintering and breeding 

locations (Coleman and Milton 2012, Olalla-Kerstupp et al. 2015).  However connecting 

breeding and wintering populations to shared individuals is rare.  The breeding and 

wintering ground populations only showed a limited connectivity for Egg Island, Alaska, 

and Cumberland Island, Georgia, where only a portion of Alaska’s population are 

assumed to overwinter in the region of South Carolina and Florida area (Storm-Suke 

2012), while lower proportions were assigned to wintering areas in French Guiana and 

Suriname respectively.  About 20% of birds from Egg Island, Alaska had trace element 

signatures that were not assigned to any known non-breeding location (Storm-Suke 

2012).  Additionally, band resightings have placed plovers from Alaskan breeding 

populations in Oregon, Florida and Ecuador (Storm-Suke 2012).  There have been no 

band resightings that directly link the population from Egg Island in Alaska to 

Cumberland Island in Georgia; however, analysis of the trace elements found in the 

feathers of SEPL from Egg Island have suggested that 45% (n=20, probability of 

wintering group membership of ≥80%) of these birds may disperse to the southeastern 

coastline of North America, ranging from South Carolina to Florida (Storm-Suke 2012).  

Thus, the degree to which our populations are linked by the same individuals is moderate 

to weak.  
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The analyses for the Alaskan and Georgian populations not only shared similar 

annual survivorship estimates (ΦAlaska: 0.67±0.05 SE & ΦGeorgia: 0.59±0.05 SE), but they 

also had the time invariant model as the best fit for their data set (Table 2.3).  In contrast 

to Alaska and Georgia, the annual apparent survival probability in Churchill, Manitoba, 

fluctuated depending on the year (Figure 2.3).  However, the apparent annual survival 

estimates for Alaska and Georgia were within the range of fluctuation for the Churchill 

population (ΦChurchill : 0.36±0.00 SE to 1.00±0.00 SE).  The Alaska population shared a 

similar annual apparent survivorship to the SEPL population in Akimiski Island, Nunavut 

(ΦNunavut: 0.649±0.046 SE) (Lishman et al. 2010).  Another study by Flynn et al. 1999, 

reported that average return rates to the Churchill breeding area from 1993 to 1997 

ranged from 40% to 59% in Churchill, Manitoba, where this present study found the 

apparent survival to be higher, ranging from 0.51±0.07 SE to 0.86±0.07 SE, for the same 

period in Churchill (Figure 2.3), confirming the generally accepted principle that return 

rates underestimate survival (Sandercock et al. 2005).  In comparison to other 

Charadridae (e.g. Kentish Plover, C. alexandrinus, in Turkey Φ: 0.64; Mountain Plover, 

C. montanus, Φ: 0.68; Piping Plover, C. melodus, Φ: 0.74; Double-banded Plover, C. 

bicinctus, Φ: 0.75; and Ringed Plover, C. hiaticula Φ: 0.87), our results for apparent 

annual survivorship for adults from the breeding grounds were similar (Larson et al. 

2000, Sandercock et al. 2005).   

The population trend assessments for Arctic breeding shorebirds from the US 

Shorebird Conservation Plan consider the Semipalmated Plover population to be stable. 

However, the population dynamics are unknown and not well studied (Gratto-Trevor et 

al. 2011).  Our study did not look at the total number of Semipalmated Plover in any of 
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our populations; however, given the important role that adult survival has in population 

dynamics, the constant apparent annual survivorship shown in the Alaska and Georgia 

SEPL populations over the years of the study supports the trend of a stable population in 

the United States (Hitchock and Gratto-Trevor 1997, Andres et al. 2012, Nol and Blanken 

2014).  Interestingly, Canadian studies of population trends showed mixed values 

throughout study periods, where Semipalmated Plover populations were considered to be 

declining or increasing depending on the population’s location (Gratto-Trevor et al. 

2011).  Declines were reported in the Maritime Provinces (1974-1998), Ontario (1976-

1997), and Quebec (1976-1998), and Quebec (1976-1998) (Morrison et al. 2001).  The 

Churchill, Manitoba, population is well studied and was considered to have a stable 

population between 1988 to 2011 (Andres et al. 2012).  However, the pattern seen in the 

apparent annual survival after 2010 shows a steep decline for the next two years (Figure 

2.3).  It is unclear whether the decline is attributed to mortality or emigration, as apparent 

survival cannot distinguish between the two (Sandercock 2003).  The local breeding 

population in the historic study area, the area covered by this study, has declined 

substantially from an average of around 42 pairs per season to fewer than 25 (K. Mills 

pers. comm.).  This decline in the number of breeding pairs is consistent with the steep 

decline in apparent adult survival. 

Further studies are needed to differentiate between emigration and mortality for 

the Churchill population.  Past observations on Akimiski Island have shown that a male 

Semipalmated Plover dispersed about 31 km from one breeding location to another when 

the initial breeding grounds became unfavourable, presumably due to the actions of 

foraging Snow Geese (Anser caerulescens) (Lishman et al. 2010).  Unsuccessful nesters 
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will also disperse (females: 323.1 m and males: 61.7 m) (Lishman et al. 2010) but not 

nearly as far as this one documented case, and, for the most part, still in the broader study 

area.  Although the population of Semipalmated Plover in the Churchill region has been 

shown in the past to have greater nest success than Akimiski Island, there should be 

further analysis on nesting success in Churchill to determine if this may have contributed 

to possible permanent emigration in more recent years (Flynn et al. 1999, Lishman et al. 

2010).  

The fluctuations in apparent survival could also be attributed to mortality of 

cohort age.  The Churchill populations were studied for a 21-year period and captured the 

lifespan of many individuals, while the Egg Island and Cumberland Island populations 

were studied for shorter three and six-year periods respectively (Figure 2.3).  This further 

supports a time-dependent model selection for the Churchill population, as older cohorts 

of individuals may not survive to breed and then show sudden drops in annual survival if 

these older individuals are disproportionately represented in the population.  It would be 

useful to know whether older individuals simply fail to leave their wintering grounds 

during their last year, when their condition has presumably deteriorated, or whether their 

mortality occurs throughout the annual cycle.  Using geolocators or satellite transmitters 

to track individual migratory paths and the timing of their mortality could help to 

understand more precisely when and why individuals succumb to mortality (Johnson et 

al. 2016, Watts and Turrin 2016).  

  Another factor warranting further investigation is the migration routes to and 

from the wintering grounds.  The annual apparent survival estimates do not distinguish 

whether mortality or permanent emigration is occurring during the overwintering, 
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breeding or migration life cycle phases.  By gathering further observations for all of the 

phases, one can determine what factors are driving the observed trends in survival (Sillett 

and Holmes 2002, Leyrer et al. 2013).  Considering that adult shorebirds are long 

distance migrants, flying hemispheric distances to overwinter in South America, some 

studies suggest the greatest mortality occurs during migration and on the non-breeding 

grounds (Leyrer et al. 2013).  Habitat changes in coastal mudflats of Suriname and 

French Guiana may have contributed to mortality and permanent emigration, as these 

coastal mudflats have redistributed in area and have shortened exposure time for 

shorebirds to forage as a result of increasing sea levels (Morrison et al. 2012).  

Furthermore, El Niño Southern Oscillation events create a cascade effect whereby the 

reduced levels of surface water nutrients yield a decrease in the abundance of 

invertebrates available on the mudflats for shorebirds to feed on (O’Hara et al. 2007).  As 

a result, shorebirds may be unable to accumulate adequate fat stores for migrating to 

breed, which may contribute to the reasons for mortality and/or permanent emigration 

observed (O’Hara et al. 2007, Morrison et al. 2012, Duijns et al. 2017).  In 1997-1998 an 

El Niño event saw a less than 30% reduction of SEPL returning to Churchill for breeding 

and a 15% reduction in Prudoe Bay, Alaska (Nol and Blanken 2014).  Additional possible 

threats to survival in Suriname and French Guiana include overhunting, in which a study 

on Semipalmated Sandpipers (Calidris pusilla) estimated that this practice reduced the 

population by 26% (Morrison et al. 2012).  In the United States and Canada, only 

selected shorebirds are legally hunted with strict guidelines.  These types of enforcement 

are absent in Suriname and emerging in French Guiana (Morrison et al. 2012, Atlantic 

Flyway Shorebird Initiative Harvest Working Group 2017).  Although there are no 
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studies that compared the rate of survival from two wintering grounds on different 

continents for the same species, seasonal studies show that Piping Plovers overwintering 

in Laguna Madre of Texas, USA, showed no mortality during the 6-month nonbreeding 

season whereas, Mountain Plovers (Charadrius montanus) overwintering in California 

experienced only 5% mortality (Drake et al. 2001).  These areas have relatively stable 

habitats, mild microclimates and mortality from hunting shorebirds with the exception of 

Snipe is prohibited (Jurek 1974, Drake et al. 2001).   

There have been no studies documenting the rate of predation on Semipalmated 

Plover on the non-breeding grounds, although there are some observations of predation 

by Peregrine Falcons in Venezuela (Nol and Blanken 2014).  Predation from raptors 

accounted for approximately 21% of mortalities in Dunlin (Calidris alpina) over-

wintering in California, but it is unclear how much raptor predation affects Semipalmated 

Plovers, as their behavior and size differs from that of Dunlins (Drake et al. 2001).  

Generally, Semipalmated Plovers would crouch on the ground and stay very still when a 

falcon or owl approached on both the breeding and wintering grounds, while Dunlins take 

flight in response to approaching predators (Drake et al. 2001).  Wilson’s and Piping 

Plovers have also used this ‘staying low and still’ tactic to avoid predation from raptors, 

as raptors generally capture their prey in the air (Drake et al. 2001).  There are various 

factors that influence survival over the annual cycle, and the location where these birds 

choose to overwinter, whether the area is experiencing habitat loss, human disturbances, 

unstable food availability, increased predation or hunting pressures, or extreme weather 

events will impact their chances of survival and their ability to return to breeding grounds 

for surveying (Rockwell et al. 2017, Gibson et al. 2018).  Deciphering when and where in 
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the annual cycle Semipalmated Plovers are experiencing the greatest mortality will aid in 

understanding the pressures regulating their population and whether there are 

spatiotemporal patterns in mortality during the stationary periods (e.g. breeding & 

overwintering seasons) or during migration (e.g. autumn or spring) (Klaassen et al. 2014).  

 

Comparison with other Charadrius plovers 

My study looked at multiple estimates of annual apparent survival from multiple 

locations, which has rarely been done for many species of shorebird.  From these results, 

we see that the best models supported will depend, possibly on the sample size as 

mentioned previously, but also on location of breeding or wintering sites, or possibly, the 

degree of connectivity between breeding and wintering sites.  There is limited 

quantifiable data on the degree of site fidelity during the overwintering season for many 

Charadrius species.  However, in the threatened and endangered Piping Plovers 

(Charadrius melodus), there has been some analysis of the degree of connectivity to 

wintering and breeding grounds with regard to their apparent survival (Gratto-Trevor et 

al. 2011, Gratto-Trevor et al. 2016).  The breeding populations in the Great Plains 

populations in North Dakota and the Atlantic Coast have virtually the same survival rate 

(0.737 and 0.739 respectively) (Larson et al. 2000, Elliott-Smith and Haig 2004).  As no 

evidence of dispersal and permanent emigration has been found for the non-breeding 

population found in the Bahamas, an estimate for true survival was determined to be 0.71 

(95% CI: 0.61-0.80), using the Barker model in Program Mark (Gratto-Trevor et al. 

2016).  The wintering ground census of Piping Plovers revealed that Piping Plovers 

disperse between the southern Atlantic Coast, Gulf of Mexico, Florida, and the 
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Caribbean, with very low migratory connectivity between breeding and non-breeding 

locations (Gratto-Trevor et al. 2012).  Thus, again, survival estimates appear to be 

relatively robust in this closely related species, despite great divergence in wintering 

regions.  Similar to the Piping Plover, the threatened Snowy Plover (Charadrius nivosus) 

also has limited data on survival during the overwintering season (Page et al. 2009).  A 

breeding population in Great Salt Lake, Utah, had an annual apparent adult survival 

which ranged from 0.578 to 0.880 over 4 years, while a Northern California coast 

population showed apparent survival for males to be 64% and females to be 57% (Page et 

al. 2009).  The discrepancy between apparent survival between the sexes may be 

attributed to greater mortality in females and males having higher site fidelity (Page et al. 

2009).  Additionally, females exhibit lower site fidelity rates which were attributed to 

sexual differences in detection and dispersal rates (Page et al. 2009).  The top model for 

resighting probabilities in my study did not include sex, even though there are similar 

differences in early season behaviour between male and female Semipalmated Plovers 

(Blanken and Nol 1998) as is seen in Snowy Plovers.  In California, failed Snowy Plovers 

will often disperse up to 1140 km during the breeding season, which has resulted in 

permanent emigration of individuals outside the study area and thus could not be 

accounted for in the survival estimates (Sandercock et al. 2005).  Both males and females 

show a high degree of overwintering site fidelity, where about two-thirds of males and 

females from Lake Abert, Oregon, overwintered along coastal California or Baja 

California for two consecutive years and about one-third for at least 3 years (Page et al. 

2009). 
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Annual Resight Probability 

Generally, breeding ground resight probabilities were lower than overwintering 

ground resight probabilities (Figure 2.4).  While my initial prediction was that birds 

would be resighted at higher rates during breeding because they were attached to 

particular nest sites, this was not supported by the data.  The resight probability for 

Georgia (ρ: 0.97±0.03) and Alaska (ρ: 0.74±0.07) was remarkably constant throughout 

the study period, while the resighting rate for the Manitoba population fluctuated over the 

years (ranged from 0.22±0.05 to 0.80±0.06).  Resight probability or encounter rates 

assess the ability for these birds to be detected by surveyors (Sandercock 2003).   

Alaska’s study site covered a much smaller area than Manitoba’s, which may 

account for the consistency in resightings in Alaska and the variation seen for Manitoba.  

The fluctuation viewed in Manitoba could be due to the learning curve involved in 

detecting the birds on breeding grounds by different researchers.  In addition, the level of 

experience by researchers varied over the years.  During the nesting season, 

Semipalmated Plovers are very cryptic until potential predators or investigators become 

too close to their nest, which is when parents will often display a broken wing act or 

make an alarm call to lead the predator away.  

 In comparison, on the non-breeding grounds, Semipalmated Plovers were easily 

viewed in mixed flocks of sandpipers and other plovers along open stretches of shoreline 

and roosting on docks.  These birds appear less agitated by observers so observers could 

easily view them from a boat or by walking up to the perimeter of the mixed flock and 

examining the flock with a scope or binoculars.  Additionally, the same observer 
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conducted the resightings in each year of the study.  Quantitatively, Cumberland Island, 

Georgia, detection was highest, which suggests surveying populations from the 

overwintering grounds may be more effective (ρ: 0.97±0.03, 95% CI: 0.83-1.00).  This 

high resighting rate also suggests that Semipalmated Plovers wintering on Cumberland 

Island are not moving much and appear to have very high site fidelity.  This strategy 

seems adaptive given non-breeding areas may consistently provide all necessary 

resources (Gibson et al. 2018).  However, if high site fidelity is a trait with little adaptive 

potential, choosing poor quality wintering sites, or those where sites are initially 

attractive but resources fluctuate substantially across the non-breeding season, would 

appear to qualify those sites as ecological traps (Battin 2004).  This was observed in a 

study of Piping Plover (Charadius melodus) metapopulation which, showed increased 

disturbances in habitats (from stochastic events, such as flooding), and then decreased 

survival, high emigration and low immigration in to the area compared to controlled 

subpopulations.  Once the disturbance had ended there was an increase in the 

immigration of plovers back to the habitat (Catlin et al. 2016).  Piping Plover 

observations have shown that dispersal rates increased as a result of disturbance events. 

Thus, these need to be analysed in conjunction with survival, and as well as elucidating 

the functional connectivity of various habitats at one stationary stage (Catlin et al. 2016).  

Obtaining seasonal survival estimates during the non-breeding season for a variety of 

sites that vary in their food quality, rates of human disturbance and quantity of foraging 

and roosting habitat should be the next research frontier (Gibson et al. 2018).   

 
 In conclusion, the apparent survival estimates of Semipalmated Plovers on the 

wintering grounds has more precise and had a greater resighting probability than on the 
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breeding grounds, which was counter to our previous predictions.  Additionally, estimates 

of apparent survival varied depending on the location, where Churchill, Manitoba showed 

local decline in recent years.  The connectivity of these populations to their respective 

wintering and breeding grounds warrants further investigation, to fully understand where 

the greatest mortality is occurring.  This will help to elucidate where to direct 

conservation efforts to the phase in their life cycle with greatest mortality and hence, to 

aid in the recovery of shorebirds.   
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Chapter 3: Seasonal survival in the Semipalmated Plover 

Abstract 

While annual survival estimates of migratory shorebird species from different 

flyways are useful in elucidating which populations might be experiencing declines, these 

estimates mask subtle effects of habitat quality at different locations throughout the 

annual cycle that can disproportionately result in low adult survival.  Here we investigate 

seasonal survival on the wintering grounds to determine whether the greatest mortality is 

occurring on the wintering grounds or, by contrast during the breeding and migration 

phase of a shorebird’s life cycle.  The Semipalmated Plover was surveyed repeatedly on 

the non-breeding grounds in Cumberland Island, Georgia, from 2003-2006.  Using 

repeated observations over three successive non-breeding periods we estimated survival 

during the overwintering period and combined breeding and migration periods.  Mean 

monthly survival (±SE) of non-breeding birds was 0.959±0.035, compared to monthly 

survival of the same birds over their migration and breeding periods of 0.879±0.023.  

This suggests that, like many species, Semipalmated Plovers experience most of their 

mortality outside of the non-breeding season.  To understand whether the majority of 

mortality occurs during migration or breeding requires regular resightings of birds on the 

breeding grounds, which is a future direction for this study.  
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Introduction 

While annual survival estimates of migratory shorebird species, especially if they 

are from birds using more than one flyway, are useful in elucidating which populations 

might be experiencing declines, these estimates mask subtle effects of habitat quality at 

different locations throughout the annual cycle that can disproportionately result in low 

adult survival.  For example, migration mortality rates exceed those at wintering and 

breeding sites (Sillet and Holmes 2002, Baker et al. 2004).  Additionally, two recent 

papers suggest that mortality during migration and breeding exceed that experienced by 

migratory birds during the non-breeding season and point to the need for obtaining 

seasonal survival estimates (Weiser et al. 2017, Dokter et al. 2018).  

Semipalmated Plovers (Charadrius semipalmatus) are a small long-distant 

migratory shorebird that breed in the subarctic during the months of May to August and 

overwinter in the southern United States and South America from October to March.  The 

migration phase of their life cycle is generally during the months of August and 

September (southward) and April to May (northward).  Semipalmated Plovers have a 

broad range and share the flyways and habitats with many declining migratory shorebird 

species.  Quantifying the survival rates of Semipalmated Plovers throughout the annual 

cycle is a crucial step towards understanding the population dynamics on the wintering 

grounds, which are unknown (Nol and Blanken 2014, Chapter 2, this thesis).   

 To estimate the rate of mortality during the non-breeding season, Semipalmated 

Plover, we used Cormack-Jolly-Seber (CJS) models.  Given results from previous studies 

on seasonal survival during both the non-breeding and migratory periods, we predicted 
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that most of the annual mortality of the Semipalmated Plover would be experienced 

during the combined migratory and breeding periods rather than during winter.  

 

Methods 

As part of a study on the foraging ecology of Semipalmated Plovers on their non-

breeding grounds (Rose and Nol 2010), Georgia Department of Natural Resources 

personnel helped to capture a sample of 62 SEPL that were roosting on a beach on 

Cumberland Island, Georgia, U.S.A. (Rose and Nol 2010).  Cumberland Island is part of 

Cumberland Island National Seashore and is a largely uninhabited island.  Visitors come 

to the island daily by a commercial ferry service, but few walk down to the south end 

where the Semipalmated Plovers and other species of shorebirds roosted in large 

numbers.  Occasionally, and especially on weekends, boats did land on the south end and 

sometimes boat owners and/or their dogs caused the birds on the roost to fly.   

Semipalmated Plovers were captured on a high tide roost, either on 11 March 

2003 (13 birds) or on 23 March 2003 (49 birds).  Birds were captured using a canon net 

and each captured individual was given a unique colour-band combination consisting of 

either two or three colour bands on the right lower leg (to increase visibility, Figure 2.2), 

and a white and aluminum government issued band in the case of those who were given 

two colour bands, or simply an aluminum band on the left lower leg.  Briefly, local 

residents P. and D. Leary volunteered to return after the initial banding, to observe and 

resight banded individuals.  Observers conducted surveys either via boat within the St. 

Mary’s River estuary or by walking along the coast of Cumberland Island.  The 

frequency of surveys was at least two times weekly per month (a period of 176 days), on 
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47 post-banding occasions during the periods October to March, 2003 to 2006.  From the 

62 initially banded, 56 were observed at least once subsequently.  These data were 

grouped into 18 monthly intervals over 4 years past the original banding date starting in 

March 2003. 

Many individuals were both recorded and photographed.  Semipalmated Plovers 

were viewed relatively easily in a large mixed flock with other plovers and sandpipers, 

while foraging or resting along the mud banks, beaches and docks along the perimeter of 

Cumberland Island.  Some observations of banded birds were made during roosting 

times, whereas many observations were also made while birds were foraging in the tidal 

creeks where individuals could easily be identified because the density of birds was much 

lower than during roosting.  

Observations were primarily made during the overwintering months (October to 

March), but the observers also saw some banded individuals during the months when we 

presumed that the birds should have been on their breeding grounds.  The observations of 

resighted birds made during October to March comprised the data set used to calculate 

survival estimates and resighting probabilities from the non-breeding grounds.  The first 

resightings of banded individuals were made between October and March of 2004. 

Data Analysis 

An input data set was created using the encounter histories of all individuals 

banded in the two captures on Cumberland Island.  While observations were made 

irregularly over the study period, we grouped these into monthly encounter histories 

(Cooch and White 2014).  Using Cormack-Jolly-Seber (CJS) models within Program 

Mark (Cooch and White 2014), Semipalmated Plover apparent monthly survival (Φ) and 
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resight (ρ) probabilities were estimated.  We used a CJS model because Semipalmated 

Plovers exhibit open population characteristics, where individuals are able to freely 

immigrate and emigrate.  We used a grouping variable to designate the three successive 

years (2003-2006) of observations.  To obtain comparable estimates for monthly and 

seasonal  survival estimates (non-breeding and combined breeding and migration) we 

took the monthly survival estimates to the power of the length of that particular season 

(Sandercock 2003, Cooch and White 2014, B. Sandercock pers. comm.). 

We assumed that most birds had arrived on their non-breeding grounds by 

October, and had departed on their northward migration by April (Nol and Blanken 

2014).  Thus, the non-breeding period was the 6-month period from October to March 

and the combined migration and breeding period was the 8-month period from March to 

October acknowledging that these periods overlapped in two months.  The same data 

were used to estimate the survival rates over the combined migration and breeding 

periods because plovers left the study area for their northbound migration in April and 

returned to the Georgia study area in September and October (Nol and Blanken 2014).  

We expected that resighting rates, should be moderately high during spring migration 

(March through May) when birds were beginning their northward migration, very low in 

mid-summer when they were presumed to be breeding and increasing in August through 

October as portions of the birds returned to the non-breeding grounds (Nol and Blanken 

2014). 

Monthly survival estimates were modelled as a function of time (the months in 

the non-breeding season), year, or a combination of year and time (Table 3.1).  All 

resightings were of birds that had at least completed their first southbound migration.  
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The most parsimonious model of the three: time, year or time and year, was selected 

based on Akaike’s Information Criterion (AIC), by comparing the model weights and 

delta AIC values (Cooch and White 2014).  When AIC values between the models 

differed in a small amount based on the “rule of thumb”, where delta AIC values were 

less than 2, the c-hat was calculated, where a c-hat greater than 1 indicated the data were 

over-dispersed and needed to be adjusted for a better fit (Cooch and White 2014).  The 

March to October (breeding and migration periods) and October to March (overwintering 

period) models were adjusted by c-hat values of 1.252 and 1.179 respectively.  The 

Bootstrap Goodness of Fit (GOF) test was run using 500 simulations with the adjusted c-

hat value, where the Quasi-Akaike’s information criterion (QAICc) weights and delta 

QAICc were used to compare the models for parsimony (Cooch and White 2014).   

 

Results 

Non-breeding survival and resighting 

Forty-seven surveys of non-breeding Semipalmated Plovers were conducted from 

October 2003 to March 2006.  The initial number of birds banded was 62 and of these 56 

were observed at least once subsequently.  These were grouped into 18 monthly intervals 

over 4 years, past the original banding date starting in March 2003.  The most 

parsimonious model from our analysis gave estimates of seasonal survival based on a 

time-invariant model and the probability of resighting plovers on the wintering grounds 

were dependent on the year and time of month the surveys were conducted (Table 3.1).  

The estimate of monthly survival (±SE) was 0.959 (CI:0.872-0.988).  Extrapolated to the 
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entire 6-month non-breeding season, this value is a survival rate of 0.780 (CI: 0.440-

0.929), with non-significant monthly variation (Figure 3.1).  

The top model for estimates of resighting probabilities included both a year and 

month effect (Table 3.1).  Average of resighting rates during months where there were 

observations was 0.616 (Table A.2).   

Combined migration and breeding period survival and resightings 

As with survival during the non-breeding period, our top model for the combined 

period of migration and breeding (March to October) was time –invariant for survival, 

but resighting rates were strongly dependent on both the year and the month (Table 3.1).  

Survival probability over the combined migration and breeding period was 0.879 (0.825- 

0.918), which, when extrapolated over the 8-month period that included these resightings, 

was 0.356 (0.215- 0.504), a much lower rate than observed during the non-breeding 

season.  As we predicted, resighting rates were very low in mid-summer (Figure 3.1). 
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Table 3.1: Models of seasonal survival (Φ) on the non-breeding grounds (October to March), and the breeding and migration periods 

(March to October); and recapture (ρ) probabilities for adult C. semipalmatus derived from a Cormack-Jolly-Seber (CJS) model of the 

mark-recapture data from Cumberland Island, Georgia.  The number of estimable parameters (k), Quasi-Akaike’s Information 

Criterion values (QAICc), QAICc differences (∆), and QAICc weights (ω).  The subscripts parameterize Φ and ρ where “.” indicates 

time invariance, “t” means time of month dependence over years, “g” is year dependence (2003, 2004, 2005, 2006) and the “*” is used 

to join subscripts to show fractional parameters in the model.  Best fit models are bolded. 

Seasonal Period: Non-breeding (Oct-Mar) Migration and Breeding (Mar-Oct) 

Rank Model k QAICc ∆ ω Rank k QAICc ∆ ω 

1 Φ(.)ρ(g*t) 16 275.27 0.00 0.81 3 29 401.40 4.05 0.11 

2 Φ(g) ρ(g*t) 18 278.45 3.17 0.16 5 31 405.2 7.87 0.01 

3 Φ(t)  ρ(g*t) 19 282.29 7.02 0.02 6 33 411.89 14.53 0.00 

4 Φ(.) ρ(t) 6 285.88 10.61 0.00 1 8 397.36 0.00 0.70 

5 Φ(g) ρ(t) 8 287.72 12.45 0.00 2 11 400.95 3.59 0.12 

6 Φ(t) ρ(t) 9 291.76 16.49 0.00 4 12 401.93 4.57 0.07 
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7 Φ(.) ρ(.) 2 297.23 21.97 0.00 13 2 476.74 79.38 0.00 

8 Φ(g) ρ(.) 4 299.83 24.56 0.00 14 5 479.09 81.73 0.00 

9 Φ(g*t) ρ(g*t) 26 300.28 25.01 0.00 7 40 429.15 31.79 0.00 

10 Φ(.) ρ(g) 4 300.91 25.63 0.00 10 5 470.24 72.88 0.00 

11 Φ(g) ρ(g) 6 303.52 28.25 0.00 12 8 474.34 76.98 0.00 

12 Φ(t) ρ(.) 6 303.99 28.72 0.00 11 8 473.15 75.79 0.00 

13 Φ(t) ρ(g) 8 307.88 32.61 0.00 9 11 468.87 71.51 0.00 

14 Φ (g*t)ρ(t) 19 310.69 35.41 0.00 8 34 437.36 40.00 0.00 

15 Φ (g*t) ρ(.) 16 324.90 49.63 0.00 15 29 514.48 117.12 0.00 
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a) 

 
b) 

 

Figure 3.1: (a) The apparent monthly resight probabilities (±SE) of Semipalmated Plovers 

overwintering on Cumberland Island, Georgia for the period of October to March for 

years 2003 to 2006. (b) The apparent monthly resight probabilities (±SE) for the 

migration and breeding periods from March to October.  These estimates were derived 

from the most parsimonious models (Table 3.1).  
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Discussion 
 

The magnitude of the apparent seasonal survival estimates for the breeding and 

migration periods was lower than the estimate for the non-breeding grounds, which 

suggests greater mortality was occurring during the breeding and migratory periods.  As 

with other more recent papers on seasonal survival of migratory shorebirds (Drake et al. 

2001, Leyrer et al. 2013, Méndez et al. 2018), our data suggest support for limited 

mortality during the non-breeding season of Semipalmated Plovers at one location, and 

most of the annual mortality occurring outside of this overwintering period.   The 

migratory periods in a bird’s life cycle have been found to have the greater mortality, 

which in some cases may be due to poor quality on migratory stop-over sites or increased 

predation (Sillett and Holmes 2002, Rockwell et al. 2017, Weiser et al. 2017). While our 

confidence limits on our survival estimates, especially outside of the non-breeding period 

are wide, resighting rates during the non-breeding period were surprisingly high.  

Resighting rates during the combined breeding and migration periods in Georgia, when 

birds should have been away from the non-breeding grounds are progressively lower, 

showing the protracted migration over the months of April to June and then again from 

August to September (Figure 3.1). There were observations of plovers remaining on the 

nonbreeding grounds during the migration and breeding periods, which suggests that 

these birds were either juveniles, too old to breed, or unable to migrate.  As age or health 

status was not determined at the time of banding, the reasons why these birds remained 

on the wintering grounds (e.g. ‘oversummering’) are a mystery and warrant further 

investigation in future studies (Chowdhury 2012).   
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Similar to the determination of annual survival, the next step in these analyses 

would be to determine migratory connectivity for the Georgia non-breeding population 

and then obtain an estimate of survival on the breeding grounds from a region that 

encompasses many of these non-breeding birds.  Currently, we have long-term data from 

a breeding population in Churchill, Manitoba, but results of trace element analyses and 

banding recoveries (Nol and Blanken 2014) suggest that the birds breeding in Churchill 

do not winter in the southeastern United States.  Locating the breeding grounds for the 

Georgia non-breeding birds will probably require the use of GPS tags that allow for the 

identification of sites to within about 6000 km if, for example, these birds fly and breed 

in Alaska (see Chapter 2).  While these devices are currently being used on small birds, 

the birds must be recovered after a year of migration to obtain the data (Hallworth and 

Marra 2015).  While the birds on Cumberland Island have high site fidelity, so that, in 

theory, they should be easy to catch again, repeated capture of the same individuals has 

proven to be challenging.  As expected, birds are wary of threats that they have already 

experienced, especially as cannon netting can be quite traumatic for individual birds 

(Ward 2013).  

Further study is also required to obtain estimates of non-breeding survival from a 

variety of sites that vary in habitat features (e.g. human disturbance, food quality, etc.) for 

comparison with the values that we report here (e.g. Gibson et al. 2018).  Our very high 

resighting rates during the non-breeding season suggest a high degree of site fidelity to 

this location.  Cumberland Island is a US National Seashore, which is boat-only access 

(with the exception of a small number of permanent residents who reside at least 3 km 

from the roost sites) so human disturbance is relatively minor.  Thus, this may be an ideal 
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location for non-breeding shorebirds, and indeed, the birds here undergo regular 

movements as the tide recedes and comes back in, replenishing the tidal creek feeding 

areas (Rose and Nol 2010), feeding on a rich invertebrate benthofauna (Rose and Nol 

2010, Rose et al. 2016).  

 

The resightings that were used in our analyses were made more than a decade 

ago.  In more recent years, there has been an annual visit of a Peregrine Falcon (Falco 

peregrinus) to the Cumberland Island roost (P. Leary pers. comm.).  As a result, the large 

(> 800, Rose and Nol 2000, B. Winn, Georgia Department of Natural Resources per 

comm.) roost on the south end of Cumberland Island from the mid-2000’s has been 

repeatedly disrupted by the hunting Peregrine Falcon.  Birds now roost predominantly in 

smaller groups among many sites within the St. Mary’s River estuary.  Banding another 

cohort of individuals at this site and following them for 3-4 subsequent years would 

provide a before-after experiment about the specific effects of predation risk on non-

breeding survival of Semipalmated Plovers.  

 In summary, our study showed that Semipalmated Plovers have high survival on 

the overwintering grounds and greater mortality experienced during the migratory and 

breeding phases of their life cycle.  We recommend population surveys be conducted on 

the wintering grounds as detection of shorebirds was higher and their behaviour is less 

cryptic than observed on the breeding grounds.  As the data used in these analyses are 

now quite old, we also recommend a repeat of this study at Cumberland Island in the near 

future.  
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Chapter 4: General Discussion 

From the current study, apparent annual survival of Semipalmated Plovers falls 

well within the range of survival of other species in the genus Charadrius.  To improve 

on future survival investigations of migratory populations, a full annual life cycle 

analysis should be conducted, where connectivity patterns to the breeding and 

overwintering grounds and migratory routes would be accounted for (Bonter et al. 2008, 

Culp et al. 2017).  Establishing the strength of connectivity patterns is crucial for 

understanding key areas where mortality may affect population survival.  Management 

practices should include investigating the USFWS Bird Banding Lab (BBL) database of 

band resightings, stable isotope analysis, genetic analysis, morphological comparisons 

across the range, light-level geolocator and satellite telemetry, all to aid in creating a 

model to determine the strength of connectivity (Culp et al. 2017).  Another area that 

would aid in assessment and provide more observations of both survival and 

connectivity, would be analysis of reports from citizen scientists using applications such 

as e-bird or local birdwatching groups (Dennhardt et al. 2017).  By establishing the 

strength of connectivity throughout the life cycle to their wintering, breeding, and 

migratory periods, this would further our understanding of the sites and habitat 

characteristics needed to sustain healthy survival rates and lead to further investigation of 

how the habitats are used throughout the annual cycle and their usage in light of future 

climate change.  These are key questions that need answers to aid in management of 

declining shorebird populations. 

While my study has identified that annual survival is relatively robust across 

different methods, locations of capture, and across two stages of the life cycle, variation 
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in annual survival at Churchill, Manitoba, and the causes of this variation are areas of 

future research.  The relative role of local factors, such as degradation of local habitats, 

potential increases in predation, or lower reproductive success, versus factors operating 

during the migratory and non-breeding seasons need to be explored.  This is particularly 

important, given that I documented much lower survival in the latter years of my study 

than that experienced by birds throughout the first two decades.  Whether lower local 

survival is accompanied by stronger trends in declining populations across this species 

range is also not known.  The last evaluation of population trends for Semipalmated 

Plovers gave their status as Least Concern and the total population is estimated to be 

200,000 individuals (Andres et al. 2012, BirdLife International 2016).  However, due to 

the wide species range, these estimates are based on observations from migration.  Birds 

on migration presumably originate from many breeding locations.  Therefore, the local 

breeding populations and the decline that we have seen in Churchill (E. Nol pers. 

comm.), may not reflect overall population declines  

By contrast,  the reduced quality of  major non-breeding areas, either through 

increases in Peregrine Falcons or losses of foraging habitat, could further the decline of 

wintering populations, which would reflect recent population level declines seen on the 

breeding grounds.  Again, this is speculation, as there have been no studies on the 

predation rate of Semipalmated Plovers on the wintering grounds.  Likewise, it is 

unknown whether the strategies used by Semipalmated Plovers, such as migrating and 

roosting in a multi-species flock of shorebirds, provides an advantage in their survival, 

especially, with the rise in predation by Peregrine Falcons in areas such as Suriname, 

French Guiana, and Guyana (Morrison et al. 2012, Dekker and Drever 2016). 
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Semipalmated Plovers overwinter in a variety of locations, from the southern United 

States to South America, and assessments of wintering habitat have shown a reduction in 

the size of suitable mudflats (in Suriname, Guyana and French Guiana) used for foraging 

(Morrison et al. 2012).  Degradation of wintering habitat by anthropogenic development 

and human recreation have been well documented to alter the hydrogeochemical 

processes and sedimentation patterns or remove the ecosystem needed to sustain 

availability of shorebird prey or foraging area (Barbieri and Mendonça 2005, Martínez-

Curci and Isacch 2017).  Consequently, without suitable food-rich foraging areas, we 

may see a loss in accumulation of fat reserves needed for migration and breeding, which 

ultimately decreases the birds’ chances for survival (Morrison et al. 2007, Culp et al. 

2017).  These losses on the wintering grounds are further jeopardized by climate change, 

showing accelerated sea level rise and eroding the low-lying coastal and intertidal areas 

utilized by shorebirds (Galbraith et al. 2002).  Additionally, climate change presents other 

factors that affect the survival, such as the timing of migration being delayed or advanced 

by increases in the intensity and frequency of hurricanes and tropical storms, which 

consequently results in a mismatch in the arrival of birds and the time when food 

resources are optimal (Michener et al. 1997, Walther et al. 2002, Culp et al. 2017).  

Although these factors need to be assessed for the local populations in Churchill and 

Alaska, they cannot be fully comprehended without knowing the pathways taken to their 

respective wintering grounds (Faaborg et al. 2010). 

Continued technological advancements in lightweight GPS-tags, automated radio-

telemetry through systems like MOTUS, Data loggers (such as light-level geolocators), 

and satellite transmitters designed for small animals may present a viable approach for 
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tracking movements and migratory patterns (Taylor et al. 2017).  Satellite tracking has 

been successful with larger shorebirds like Whimbrel, Numenius phaeopus (Watts et al. 

2008).  Similarly, light-level data-loggers have been used with shorebirds like Red Knots 

(Calidris canutus rufa), Whimbrel and the Pacific Golden Plover (Pluvialis fulva) (Niles 

et al. 2010, Johnson et al. 2011, Alves et al. 2016).  Recent improvements include 

extended battery-life through solar-charging of both GPS-tags and satellite transmitters 

and lighter weights of 5 g - 6 g, which has been tested on mid-sized shorebirds (with an 

average weight of 124 g) (Chan et al. 2016).  Further enhancing tracking devices for 

small (45 g) birds, like that proposed by the International Cooperation for Animal 

Research Using Space (ICARUS) Initiative should provide a new frontier in connectivity 

and migratory research (Pennisi 2011).  Moreover, contemporary ecological studies on a 

variety of breeding and non-breeding grounds will help to elucidate the future of this 

small shorebird.  Automated radio-telemetry systems have been used in passerine studies 

and may be a more viable option for small shorebirds, as the nanotags weigh < 1 g and 

have a battery life of 3 to 6 months (Wright et al. 2018).  However, the limitation to this 

method is that radio array tower network coverage is not consistent throughout North 

America and limited in South America (www.motus.org), where these birds overwinter, 

an area for further expansion (Taylor et al. 2017).  With that said, to aid in filling in our 

knowledge gaps on connectivity for Semipalmated Plover, using nanotags to track from 

the wintering grounds in Georgia and South Carolina to the breeding grounds may shed 

some light on the connectivity and survival during both stationary periods and migration 

(Taylor et al. 2017).  Additionally, this would both compliment and confirm findings 

from trace analysis, mark-and-recapture methods, and other resighting efforts (such as 
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observations from e-bird sightings and other bird watching groups) and provide a better 

picture of the pathway taken during migration to provide further insight to the area where 

these birds breed (Taylor et al. 2017).  In conclusion, this thesis emphasizes the 

importance of long-term studies on a species, and involvement of the public, because 

many of the patterns seen in the survival rate on the wintering and breeding grounds, and 

site fidelity strength could not have been determined without consistent efforts of 

researchers, bird watching groups and citizen scientists.   
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Appendix 1: Longevity records of Semipalmated Plovers (Charadrius semipalmatus) 

from their wintering grounds in coastal Georgia, U.S.A and breeding grounds in 

Churchill, Manitoba. 

 

Abstract 

Matrix population analysis of the average lifespan of Semipalmated Plovers using 

the average annual apparent survival derived from Alaska and Cumberland Island 

(Chapter 2) is 2.2 years.  Our results have shown multiple plovers have surpassed this 

estimate, living well into 9 years.  For the first time, the longevity of these birds has been 

confirmed on the wintering and breeding grounds where individuals have survived to the 

estimated ages 13, 14, and 15 years old.  Thus, these exceptional birds stand out as true 

survivors.  
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Introduction 

In addition to annual survival estimates, records of longevity help to understand 

the population dynamics of breeding birds.  While matrix population models provide 

estimates of average life expectancy that are based on extrapolating annual survival until 

when birds are no longer alive, longevity records provide estimates of individuals that 

usually live beyond those mathematical expectations for average survival.  Here we 

present four examples of particularly old individual Semipalmated Plovers, living up to 

fifteen years (Table A1.1).  Two are from our study of non-breeding birds from coastal 

Georgia, whereas one is from the breeding grounds where this species has been studied 

since 1992.  The previous longest living Semipalmated Plover from the Churchill, 

Manitoba, study lived 9 years (Nol et al. 2010).  Other shorebirds from the Churchill 

study area have shown similar longevity, such as the American Golden-Plover (Pluvialis 

dominica) with 12 years for a female and 13 years for a male (Klima et al. 2013).  

Furthermore, a 26-year old Whimbrel (Numenius phaeopus) was recaptured on the 

breeding grounds of Churchill, setting a record in longevity for its species in North 

America (Klima et al. 2013).  Using values of average annual survival derived from 

Chapter 2 (Manitoba: 0.70, Georgia: 0.59, Alaska: 0.67), average life expectancy can be 

calculated as 2-3 years (average life expectancy = -1/ln(s) where s is average annual 

survival, equated to 2.35 years) (Vandertoon 2000).  Thus, the following Semipalmated 

Plovers are exceptional birds that stand out as true survivors.  
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Methods and Results 

 

The data on longevity were compiled from surveys of survival, breeding and nest 

success conducted annually on a population of Semipalmated Plovers breeding in 

Churchill, Manitoba, Canada from 1984 to 2013, and another population overwintering 

on Cumberland Island, Georgia, USA, from 2003 to 2017.  Semipalmated Plovers were 

captured and banded with a unique colour combination and given an identification 

number, during the breeding and wintering periods.  The following are details regarding 

those individuals that have surpassed the previous published longevity record (Nol et al. 

2010).  

 

Band #: 8911-3728  

This bird was first banded on the non-breeding grounds, using a cannon net, on 

March 3, 2003.  The bird was given a green flag and 3-colour band combination (YOO 

on Right leg) for ease of reading.  One observer (P. Leary) regularly returned to the area 

near where the capture occurred over the years 2003-2006 and sporadically after that 

date.  The bird was not seen between 2003 and 2006, but was later resighted in November 

2017.  Assuming that the bird was in its 2nd year upon capture in 2003 (i.e. it hatched in 

2002), the bird would be a minimum of 15 years of age in 2017. 

 

Band #: 1861-33201 

Another Semipalmated Plover from the original capture on March 3rd, 2003 and 

banded (Green Flag,A:,WYW), was seen on five occasions in 2003, nine occasions for 
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both 2004 and 2005, once in 2006 and again on February 18th, 2014.  As this bird was 

also first banded in 2003, in February of 2014 it must have been nearly 12 years old as a 

minimum age. 

 

Band #’s: 1461-42453 and 8051-50634  

The longest living adults in the Churchill, Manitoba, breeding study were 11 years 

(Band # 1461-42453, banded in 2002, last resighted in 2013) and 14 years (Band#: 8051-

50634 Banded in 1993, last resighted in 2006).  

 

Table A1.1: Estimated minimum age of the 14 longest living individual Semipalmated 

Plovers banded as adults on the breeding grounds in Churchill, Manitoba, based on 

repeated resightings on the breeding grounds 1993 to 2013. 

Band Number Year Banded Last Year 

Resighted 

Estimated Age 

1871-63364 2004 2011 8 

1861-33225 1997 2004 8 

1461-86425 2000 2007 8 

8051-50795 1996 2004 9 

1461-42456 2002 2010 9 

8051-78841 1997 2005 9 

1461-42420 2001 2009 9 

1461-86423 2000 2008 9 

1461-86422 2000 2008 9 

8011-20117 1992 2001 10 
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8051-78815 1997 2007 11 

8051-78828 1997 2007 11 

1461-42453 2002 2013 12 

8051-50634 1993 2006 14 

 

 

Discussion 

The calculated life expectancy for Semipalmated Plovers was 2 to 3 years, which 

would include birds that were not seen after banding (due to emigration or mortality), yet 

remarkably many have surpassed this in our previous studies (Nol et al. 2010).  As the 

birds in this study were already potentially breeding adults (e.g. after their year of hatch) 

when banded this means that individuals would have died prior to making it to the 

breeding grounds for the first time, which is an obvious bias.  Yet, it is unknown why 

these long-lived birds have survived past expectations, but some studies on long-lived 

seabirds have pointed to body mass, higher than average survival rate, delay in the age of 

first breeding and co-operative parenting as factors that contribute to longevity 

(Blumstein and Moller 2008).  Furthermore, the longevity of these birds may relate to the 

quality of the breeding grounds in the Churchill, Manitoba, region, and to the quality of 

the wintering grounds and stop-over sites during the migratory period (Studds et al. 

2017).   

Although the fecundity rate was not studied for these individuals, it has been 

observed that only a few Semipalmated Plovers, raise most of the young to fledging 

repeatedly over their lifetime and this lifetime reproductive success (LRS) is related to 

longevity (E. Nol. pers. comm.).  This may seem counter-intuitive, as life-history theory 
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predicts individuals will trade-off between self-maintenance and investment in offspring 

(Ydenberg et al. 2002, Ricklefs 2008).  Yet, some high-quality individuals exhibit 

increased reproductive investment with greater survival and longevity (Johns et al. 2018).  

A study of Cassin’s Auklets (Ptychoramphus aleuticus) showed that double-brooding 

individuals not only produced seven times more chicks, but lived six years longer than 

those that only have one brood in the season (Johns et al. 2018).  These “super-birds” are 

truly remarkable as they have managed to achieve, lifetime reproductive success (LRS) 

and longevity, through gaining the life strategies (e.g. personality, adaptations and 

behaviours) to counter stressors to their mortality (reproduction, migration, predation, 

starvation, etc.), which further sustained their legacy (Smith 1988b, Hochachka 1989, 

Wolf et al. 2007, Johns et al. 2018).  Lifetime reproductive success studies in shorebirds 

are rare, and need to be addressed in future research.   

The Semipalmated Plovers presented here are indeed “super-birds”, having 

surpassed original estimates of life span and the previous longevity record of nine years 

(Nol et al. 2010), to achieve this new record of fifteen years.  To my knowledge, this is 

the first account of shorebird longevity recorded with examples from both the breeding 

and wintering grounds.  None of these longevity records could have been discovered 

without the long-term observational studies conducted on the breeding grounds and 

wintering grounds; this stands as a testament to the contribution of long-term mark and 

recapture/resight efforts of citizen scientists and researchers.  
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Appendix 2: Supplemental Results of Survival Analyses  

Table A.1: Top model output showed time invariance (.) for seasonal survival estimates 

(phi) for the overwintering Semipalmated Plovers on Cumberland Island, Georgia, from 

October to March for the years 2003 to 2005.  Resight estimates (p) were derived as a 

combination of year (g) and month (t) observed.  The estimates, standard error and 95% 

confidence intervals were corrected by a c-hat = 1.179 for the most parsimonious model, 

the real function parameters of Phi(.)p(g*t).   

                                                                

Period Parameter Estimate Standard 

Error 

95% Confidence Interval 

Lower         Upper 

Oct- Mar 

2003-2006 

1:Phi 0.9593380 0.0246913 0.8721750 0.9878904 

Oct-Nov 2003 2:p 0.7130758 0.1246085 0.4296336 0.8912996 

Nov-Dec 2003 3:p 0.4852873 0.1114893 0.2821745 0.6933793 

Dec 03-Jan 04 4:p 0.6031516 0.1117394     0.3783952      0.7914345 

 

Jan-Feb 2004    5:p 0.3051480     0.0948999     0.1544466      0.5135815     

Feb-Mar 2004    6:p          0.7421909     0.1176871     0.4630366      0.9057573 

Oct-Nov 2004    7:p          0.8885009     0.1099573     0.4750359      0.9859499 

Nov-Dec 2004    8:p          0.5498314     0.1462116     0.2773169      0.7954001 

Dec 04-Jan 05    9:p          0.0000000     0.0000000     0.0000000      0.0000000 

Jan- Feb 2005 10:p         0.5309633     0.1632618     0.2385059      0.8035943 

Feb-Mar 2005 11:p         0.7349239     0.1682681     0.3377800      0.9377721 

Oct-Nov 2005    12:p         0.0000000     0.0000002     -0.0000003     0.0000003 
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Nov-Dec 2005    13:p         0.0000000     0.0000000     -0.0000001     0.0000001 

Dec 04-Jan 05    14:p         0.2857143     0.1854000     0.0631582      0.7035564      

Jan-Feb 2005   15:p         0.6250000     0.1858520     0.2604959      0.8874589      

Feb-Mar 2006    16:p         0.9265648     0.1209422     0.2791416      0.9975735      
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Table A.2: The second best model had real function parameters of Phi(g) p(g*t)  

 for seasonal survival estimates (Phi) of overwintering Semipalmated Plovers on 

Cumberland Island, Georgia, from October to March through 2003 to 2005.  The 

parameter estimates show yearly (g) seasonal survival estimate, with the standard error 

and 95% confidence intervals, which was corrected for c-hat = 1.179.  Resight estimates 

(p) were derived as a combination of year (g) and month (t) observed.   

Period Parameter Estimate SE 95% Confidence Interval 

Lower             Upper 

2003-2004 1:Phi 0.9492516 0.0351663 0.8172752 0.9873778 

2004-2005 2:Phi 0.9349792 0.0488714 0.7484156 0.9858174 

2005-2006 3:Phi 1.0000000 0.0000000 1.0000000 1.0000000 

Oct-Nov 

2003 

4:p 0.7157296 0.1244152 0.4316425 0.8930142 

Nov-Dec 

2003 

5:p 0.4885211 0.1118669 0.2842610 0.6966879 

Dec-Jan 

2003 

6:p 0.6095819 0.1121110 0.3827850 0.7971949 

Jan-Feb 2004 7:p 0.3111135 0.0972074 0.1565808 0.5234964 

Feb-Mar 

2004 

8:p 0.7647409 0.1298166 0.4414208 0.9304160 

Oct-Nov 

2004 

9:p 0.8933309 0.1068531 0.4818590 0.9869141 

Nov-Dec 

2004 

10:p 0.5600167 0.1474968 0.2825090 0.8044762 
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Dec 04-Jan 

05 

11:p 0.0000000 0.0000000 0.0000000 0.0000000 

Jan-Feb 2005 12:p 0.5628697 0.1706880 0.2484540 0.8337593 

Feb-Mar 

2005 

13:p 0.7960115 0.1906915 0.2808554 0.9749942 

Oct-Nov 

2005 

14:p 0.0000000 0.0000001 -0.0000001 0.0000001 

Nov-Dec 

2005 

15:p 0.0000000 0.0000000 -0.0000001 0.0000001 

Dec-Jan 

2006 

16:p 0.2857143 0.1854000 0.0631582 0.7035564 

Jan-Feb 2006 17:p 0.6250000 0.1858521 0.2604957 0.8874590 

Feb-Mar 

2006 

18:p 0.8888889 0.1137465 0.4556526 0.9870898 
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Table A.3: Top model output showed time invariance (.) for seasonal survival estimates 

(phi) for the overwintering Semipalmated Plovers on Cumberland Island, Georgia, from 

March to October for the years 2003 to 2006.  Resight estimates (p) are based on month 

(t) observed.  The estimates, standard error and 95% confidence intervals were corrected 

by a c-hat = 1.252 for the most parsimonious model, the real function parameters of Phi(.) 

p(t).  These estimates show the probability of survival during the breeding and migration 

period, from the perspective of the wintering grounds. 

Period Parameter Estimate Standard 

Error 

95% Confidence Interval 

Lower               Upper 

. 1:Phi 0.8790330 0.0234250 0.8251337 0.9179704 

Mar-Apr 2:p 0.3577994 0.0618438 0.2474140 0.4856528 

Apr-May 3:p 0.1029315 0.0390730 0.0476769 0.2082216 

May-Jun 4:p 0.0143852 0.0160158 0.0015921 0.1178397 

Jun-Jul 5:p 0.0000000 0.0000000 0.0000000 0.0000000 

Jul-Aug 6:p 0.3336938 0.0782140 0.2008484 0.4994873 

Aug-Sep 7:p 0.3948925 0.0887672 0.2395946 0.5747647 

Sep-Oct 8:p 0.7329626 0.1255541 0.4384199 0.9061060 
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Table A.4: Best model output showed time dependent (t) for annual survival estimates 

(phi) for the overwintering Semipalmated Plovers Churchill, Manitoba, from June to 

August for the years 1992 to 2013.  Resight estimates (p) are based on yearly (t) 

observed.  The estimates, standard error and 95% confidence intervals were corrected by 

a c-hat = 1.180 for the most parsimonious model, the real function parameters of Phi(t) 

p(t).  The number of individuals observed each year includes recaptures from previous 

years. 

Period Parameter Estimate Standard 

Error 

95% Confidence 

Interval 

Lower       Upper 

# of 

Resighted 

Individuals

1992-

1993 

1:Phi 0.5731226 0.1530942 0.2825420 0.8206993 22 

1993-

1994 

2:Phi 0.8090298 0.0804335 0.6042814 0.9215865 66 

1994-

1995 

3:Phi 0.7603878 0.0750917 0.5858915 0.8768148 95 

1995-

1996 

4:Phi 0.5260602 0.0587194 0.4116184 0.6378280 98 

1996-

1997 

5:Phi 0.8623086 0.0725463 0.6540808 0.9540065 89 

1997-

1998 

6:Phi 0.5052604 0.0650238 0.3801761 0.6296897 132 

1998-

1999 

7:Phi 0.8327932 0.1749651 0.2979303 0.9831810 91 
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1999-

2000 

8:Phi 0.3880711 0.1011855 0.2157559 0.5938050 52 

2000-

2001 

9:Phi 0.8198635 0.1438606 0.4028050 0.9684657 33 

2001-

2002 

10:Phi 0.8974772 0.1553484 0.2423815 0.9958425 69 

2002-

2003 

11:Phi 0.6147922 0.1179364 0.3755293 0.8090070 59 

2003-

2004 

12:Phi 0.7926205 0.1365073 0.4287554 0.9511315 64 

2004-

2005 

13:Phi 0.5535578 0.0898255 0.3781637 0.7165602 66 

2005-

2006 

14:Phi 0.7225426 0.0722818 0.5622811 0.8407465 101 

2006-

2007 

15:Phi 0.7281625 0.0812866 0.5449850 0.8569532 106 

2007-

2008 

16:Phi 0.8053887 0.1100887 0.5109145 0.9425122 90 

2008-

2009 

17:Phi 0.7223268 0.1396135 0.3993233 0.9105485 92 

2009-

2010 

18:Phi 0.7698009 0.1646438 0.3511809 0.9538332 54 

2010-

2011 

19:Phi 1.0000000 0.0000001 0.9999997 1.0000003 70 

2011- 20:Phi 0.4789985 0.2048997 0.1553412 0.8213026 141 
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2012 

2012-

2013 

21:Phi 0.3611577 0.0000000 0.3611577 0.3611577 46 

1992-

1993 

22:p 0.3172411 0.1530730 0.1041787 0.6499168  

1993-

1994 

23:p 0.6129821 0.0813138 0.4472131 0.7561464  

1994-

1995 

24:p 0.6888889 0.0727931 0.5322614 0.8116297  

1995-

1996 

25:p 0.7995946 0.0609382 0.6543920 0.8937018  

1996-

1997 

26:p 0.7823129 0.0716709 0.6116672 0.8912978  

1997-

1998 

27:p 0.6675797 0.0818226 0.4936481 0.8053269  

1998-

1999 

28:p 0.3920223 0.0942692 0.2289864 0.5833169  

1999-

2000 

29 :p 0.3484321 0.0939686 0.1919793 0.5461987  

2000-

2001 

30:p 0.4195581 0.0923781 0.2557692 0.6032201  

2001-

2002 

31:p 0.3295453 0.0749554 0.2017859 0.4886732  

2002-

2003 

32:p 0.3583958 0.0769112 0.2248020 0.5182996  
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2003-

2004 

33:p 0.3766238 0.0770613 0.2409946 0.5348006  

2004-

2005 

34:p 0.4792534 0.0792071 0.3306850 0.6315845  

2005-

2006 

35:p 0.6218147 0.0681844 0.4822477 0.7437506  

2006-

2007 

36:p 0.4990400 0.0679478 0.3689899 0.6292201  

2007-

2008 

37:p 0.4715074 0.0736175 0.3333359 0.6141872  

2008-

2009 

38:p 0.2541439 0.0615133 0.1528163 0.3916020  

2009-

2010 

39:p 0.3434238 0.0743735 0.2150821 0.4996031  

2010-

2011 

40:p 0.2160968 0.0459955 0.1393449 0.3194335  

2011-

2012 

41:p 0.1671310 0.0788387 0.0620243 0.3784813  

2012-

2013 

42:p 0.3611575 0.0000000 0.3611575 0.3611575  
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Table A.5: The second best model had real function parameters of Phi(g) p(t)  

 for annual survival estimates (Phi) of breeding Semipalmated Plovers in Churchill, 

Manitoba, from June to August through 1992 to 2013.  The parameters for the estimate 

showed the sex (g) seasonal survival estimate, with the standard error and 95% 

confidence intervals, which was corrected for c-hat = 1.180.  Resight estimates (p) were 

based on yearly (t) and monthly (t) observations.   

 Parameter Estimate Standard 

Error 

95% Confidence Interval 

Lower      Upper 

Male 1:Phi 0.7089169 0.0176029 0.6732525 0.7421793 

 

Female 2:Phi 0.6845462 0.0177898 0.6486876 0.7183339 

 

Unknown 3:Phi 0.8333616 0.0593655 0.6839018 0.9203800 

 

1992-1993 4:p 0.2690688 0.1297078 0.0917872 0.5728043 

1993-1994 5:p 0.6396381 0.0741177 0.4858925 0.7692413 

1994-1995 6:p 0.7456144 0.0586070 0.6153221 0.8430336 

1995-1996 7:p 0.7217875 0.0687383 0.5701416 0.8353821 

1996-1997 8:p 0.8448391 0.0516664 0.7154833 0.9218102 

1997-1998 9:p 0.5527611 0.0664377 0.4219182 0.6766831 

1998-1999 10:p 0.4272370 0.0646582 0.3076729 0.5559534 

1999-2000 11:p 0.2246390 0.0592728 0.1294502 0.3608124 

2000-2001 12:p 0.3627087 0.0760075 0.2300343 0.5202050 

2001-2002 13:p 0.3806367 0.0653179 0.2631060 0.5140447 
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2002-2003 14:p 0.3523005 0.0649951 0.2373580 0.4873363 

2003-2004 15:p 0.4220515 0.0661672 0.3002664 0.5541159 

2004-2005 16:p 0.4316340 0.0687654 0.3047924 0.5681248 

2005-2006 17:p 0.6066529 0.0606915 0.4836960 0.7174338 

2006-2007 18:p 0.4943305 0.0584941 0.3819377 0.6072993 

2007-2008 19:p 0.5130481 0.0595648 0.3976895 0.6270332 

2008-2009 20:p 0.2702996 0.0502682 0.1835273 0.3790515 

2009-2010 21:p 0.3835387 0.0608816 0.2730410 0.5075340 

2010-2011 22:p 0.3088349 0.0555201 0.2115896 0.4265909 

2011-2012 23:p 0.1351501 0.0317908 0.0839954 0.2103063 

2012-2013 24:p 0.1534738 0.0375735 0.0932608 0.2421794 

 

    

 


