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POPULATION D M Y ~ L I C S  OF SEIMIPALMATED PLOVERS ( C . m s  SE~MIPALM;~TUS) 

BREEDING AT CHURCHILL, MANITOBA. 

Debra. S .  Badzinski 

This thesis describes the population dynamics of breeding Sernipalrnated Plovers 

(Charadnntcs semi$aZmatrcs) at Churchill, Manitoba. The objectives of this study were: 

(1) estimate rates of local suvïval and fecundity, (2) identifi factors affecting survival 

and fecundity and (3) estirnate population growth rate (lambda) and detexmine sensitivity 

of lambda to changes in demographic parameters. Local survival rates were not sex 

specific but there was significant annual variation that was correlated with hatching 

success. All reproductive parameters except fledging success, showed significant annual 

variation. Previous breeding experience affected fled,$n; success, but no t hatching 

success. Pairs with an experienced male fledged more chicks than did al1 other pairs, but 

female experience did not affect reproductive success. Population growth rate 

(h=O.846f 0.046) was most sensitive to changes in adult survival, juvenile post-fled,&g 

survival and pre-fledaGg survival. The mode1 predicted a population decline of more 

than 15%, but annual population censuses showed no population change. 
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Animal populations fluctuate because of the addition of individuals by 

recruitment and immigration and the loss of individuals through mortality and 

emigration. An understanding of the extent to which demographic parameters are 

iduenced by biotic and abiotic factors is of critical importance for studies of population 

demography as well as for understanding evolution oflife-histories (Lebreton et al. 

1992). Many different factors that operate either ex t~s i ca l l y  (e.g., environment) or 

intrinsically (e.g., density dependence) to the population May induce temporal variation 

in population size (Lima and Jaçic 1999). Environmental variation is both temporally and 

spatially unpredictable and results in fluctuations in population size when environmental 

variables affect survival and reproductive rates or immigration and emigration (Akçakaya 

et al. 1999). Several studies have found that environmental variables, such as 

temperature and rainfaT1, directly affect bird population dynamics (Peach et al. 1991, 

Thompson and Thompson 1991, Peach et al. 1994, Insley et al. 1997, Yalden and Pearce- 

Higgins 1997, Schekkerman et ai. 1998). Although difficult to detect and quanti& in 

natural populations, intrinsic population processes operating in a density-dependent 

m m e r  (e-g., crowding, cornpetition) also may cause fluctuations in population size 

through suppression of survival or reproductive rates (McCallum 2000). 



In most species, breeding success and sumival are the two most important life 

history traits because they exert the greatest influence on population size- The manner in 

which these two Me-history traits combine to optimize fitness differs among species (Oro 

et al. 1999). For example, shorebirds typically have low fecundity, and hi& adult 

sumival probabilities (Evans and Pienkowski 1984, Evans 199 1, Hitchcock and Gratto- 

Trevor 1 997, S andercock and Gratto-Trevor 1997). Shorebird reproductive success tends 

to fluctuate highly among years (Evans and Pienkowski 1984). Lhnual variation in 

several components of shorebird reproductive success, includuig probability of breeding 

(Gram-Trevor 1991), clutch size (Nol et al. 1997), viability of eggs (Tomkovich 1995), 

hatcbins success (Knopf 1 W6), pre-fledging growth rates (Schekkerman et al. 1 W8), and 

pre-fledging s u ~ v a l  (Schekkeman et al. 1998, &op£ and Rupert 1996) have been 

attributed to amual variation in weather conditions on breeding grounds. Most among 

year variation in shorebird reproductive success, however, resdts from variation in nest 

predation rates (Parr 1980, Evans and Pienkowski 1984, Haig 1992, Warrïner and Paton 

1995)- 

Unlike reproductive success, shorebird survival rates are apparently not 

iduenced by weather conditions on the breeding grounds because species with hi& 

probability of survival tend to forego breeding during unfavowable conditions instead of 

j eopardizing future sunival (Sandercock and Gratto-Trevor 1997). Weather conditions 

on the w i n t e ~ g  grounds, however, significantly af5ect shorebird local survival rates 

(Holland and Yalden 199 2, Peach et al. 1994, Insley et al. 1997). This is because 

environmental factors such as temperature, precipitation and wind affect the availability 

and distribution of invertebrate prey (Pienkowski 1983, Evans and Pienkowski 1984), 



which then rnay &ect shorebird sumival rates and consequently population size. 

Furthemiore, high densities of shorebirds on wintering grounds may result in increased 

intra- and ïnterspecific cornpetition for food that may m e r  exacerbate weather related 

effects. 

Several studies have found a relationship between shorebird population size and 

extrïnsic factors (e-g., unfavourable weather conditions), which increase wùitering 

ground mortality and suppress or prevent reproduction on breeding grounds, but few have 

found a relationship between population size and density-dependent factors (Evans and 

Pienkowski 1984). However, Y dden and Pearce-Higgins (1 997) found that although the 

population size of Golden Plovers (Phvialis apricaria) was influenced by winter 

weather, density dependent factors during the previous year explained more variation in 

the population's growth rate. There also is evidence to suggest that other aspects of 

shorebird demography, including foraging rates (Goss-Custard 1980), territory 

acquisition (Harris 1970, Holmes 1 WO), and nest predation rates (Page et al. 1983) are 

affected by population density. 

Because fluctuations in local population size result fiom interactions between 

different population factors, identification of biotic and abiotic factors influencing 

survival and reproductive success are critical for understanding b kd population dynamics 

(Lebreton et al. 1992). With a basic understanding of a species ' life-history, population 

models cm be developed and then used to assess the relative impact of varying rates of 

survival and fecundity on population growth and size as weil as to ascertain the most 

important life-history parameters. Population models also can be used to investigate 

population change over tirne, interaction of populations with their environment and 



probability of population increase or decrease. Development of a realistic population 

mode1 for any species depends upon obtaining accurate estimates of several essential 

demographic parameters such as survival rates, age at f i s t  breeding, fecundity and 

immigration. 

A population of Semipalmated Plovers (Charadrius breeding at 

Churchill, Manitoba has been studied since 1987, and as such, contributes one of the 

longest-term studies of small nearctic shorebirds. During each breeding season, 

Semipalmated Plover breeding success was monitored and birds were cclour banded to 

permit identification of individual birds and to estimate local survival rates. Information 

was also collected on reproductive ecology, behaviour and energetics. In this thesis I 

used demographic data fiom 1992-1998, the years with most complete colour-banding 

and nest monitoring, to describe the popuIation dynarnics of Sernipahated Plovers. 

STUDY SPECIES 

Semipalmated Plovers are small shorebirds that breed in sub-arctic and arctic 

regions of North America, and winter in coastal areas of the southern United States, 

central, and South America (Nol and B lanken 1999). Nesting habitat is characterized by 

sparsely vegetated areas such as coastal mudflats, outcrop ridges and grave1 ndges (Flynn 

1997). Semipalmated Plovers are monogamous within a breeding season, and more tha. 

50% of pairs are rnonogamous between breeding seasons (Flynn et al. 1999). Because 

unpaired males are rarely observed on breeding grounds, an equal sex ratio is assumed in 

the Churchill study population (Nol and Blanken 1999). Extrapair patemity is rare and 



Ïntra-specific brood parasitism has never been obsenred in ùiis species (Zharikov and Nol 

2000). 

Male Semipalmated Plovers are territorial, and in the spring settle on breeding 

temtones earlier than do females (Flynn et al. 1999). Once females arrive, pair bonding 

occurs and nest construction begins. In sub-arctic regions, most egg laying occurs in the 

first week of June and most young fledge by early August. Clutch size is typically four 

eggs, but females occasionally lay reduced clutches with two or three eggs. . 

Semipalmated Plovers are determinate layers, clutches contnining more than four eggs 

have never been found. Due to short sub-arctic breeding seasons, Semipaimated Plovers 

are only able to rear one brood per season, and there is little opportunity to re-nest 

following depredation of  their f i s t  clutch. Males and females share equally in 

incubation; while one parent incubates, the other forages nearby at coastal mudflats or 

inland ponds. 

The average incubation period is 24 days, and eggs usually hatch within 24 hours 

after pipping (when the chick breaks through the eggshell) (Nol and Blanken 1999). 

Parents lead their precociaI chicks to nearby rnudflats or ponds to forage soon afler hatch. 

Semipalmated Plovers exhibit biparental care; parental duties include leading chicks to 

suitable foraging areas, brooding chicks, and waniing chicks of predators. Fernales 

abandon their mates and broods approximately one to two weeks after hatch, but males 

remain with their brood until fledaging (Nol and Blanken 1999). 

Semipalmated Plovers are unusual among plovers in that breeding is apparently 

delayed until two, or, more commonly, three years of age (Flynn et al. 1999). Other 



plover species of similar size, about 45 g (e.g., Ringed Plover (Charadnus hiatiala), 

Piping Plover ( C h a r a d h  meludus), Snowy Plover (Charadrius atexandi-intrs)) begin 

breeding at one year of age (Pienkowski 1984, Wilcox 1959, Page et al. 1995). Adult 

philopatry (tendency to return to same breeding site in subsequent years) in 

Semipalmated Plovers is relatively hi& but natal philopatry is among the lowest reported 

for shorebirds (less than 2% of birds banded as chicks return to breed) (Flynn et al. 1999). 

Males are mure site tenacious than are fernales. Females are less iikely to return to the 

same temtory if they experienced breeding faihre in the previous year, but males 

typically return to the same temtory year after year regardless of previous breeding 

success (Flynn et al. 1999)- 

My first objective was to estimate local sumival rates for adult Semipalmated 

Plovers breedins at Churchill, Manitoba based on resightings of colour-marked birds 

fkom 1992-1 998. My second objective was to identie biotic and abiotic factors that 

influence local sumival rates. To accomplish these objectives, 1 determined (in Chapter 

2): 

1. if local survival probabilities are correlated with environmental variables such as 

temperature and precipitation, or with breeding success 

2. if Semipalmated Plover Iocal survival rates are time, sex and/or age specific. 

My objectives for the study of Semipalmated Plover reproductive success 

(Chapter 3) were to determine whether there was significant annual variation in several 

reproductive parameters (clutch size, hatching success, hatchability, nest predation and 



fledging success) and to test the hypothesis that breeding experience influences 

reproductive success. B ased on an accumuIation of studies documenting the importance 

of age and experience to breeding in birds, 1 predicted that experienced individuals would 

hatch more eggs, fledge more chicks, and nest earlier in the season than would 

inexpenenced birds. 

Finally, by using matrix-modelluig techniques, 1 constructed a model to calculate 

the growth rate of the Semipalmated Plover population (Chapter 4). The model 

incorporated several life-history parameters, including reproductive success, adult and 

juvenile local survival rate, and breeding propensity. 1 also performed a sensitivity 

analysis to explore the effect of each dernographic factor on the population growth rate. 

STUDY AREA 

The study area was located at Churchill, Manitoba (58" 45' N, 95" 04' W) (Figure 

1.1) on the West Coast of Hudson Bay. The study area encompassed 384 b2, but only 

about one quarter of this area was considered suitable nesting habitat (Flynn et al. 1999). 

Semipalmated Plovers reach their highest nest densities at or near the coast, but nest at 

low densities up to 16 km inland (E. Nol pers. comm.). Coastal nest sites are 

characterized by open gravel and shale areas surrounded by small patches of low-lying 

willow (SaZk spp.) and birch (Betula spp.). Inland nesting sites, however, have lower 

visibility due to the presence of willows, birches, white spruce (Picea glauca), and 

tamarack (La* laricina) around the gravel nesting sites (Sullivan Blanken and Nol 

1998). AIthough most Semipalmated Plovers nest on gravel areas or directly on the 

tundra, they occasionally nest on mudflats, or near the boreal forest edge. 





ABSTRACT 

Local sumival of breeding adult S emipalmated P lovers (Charadnus 

sern@aZnzatus) was estimated fiom the resighting of colour-banded adults (males: N= 142; 

females: N=152) at Churchill, Manitoba Eom 1992 to 1998. SURGE was used to calculate 

sumival and resighting probabilities and to determine whether suMval was correlated 

with annual conditions on the breeding grounds. Male Semipalmated Plovers had 

sipificantly higher resighting rates (0.85) than did females (0.64), either because females 

are more likely to temporarily emigrate, or  more likely to forego breeding and remain on 

wintenng grounds than are males. Similar to other shorebird species, male and female 

local survival rates did not differ. The most parsimonious sumival mode1 (with the 

lowest Aikaike's Information Criterion) contained two relative age classes in which 

sunival of newly banded birds was separated fiom that of previously banded birds. 

Overall, the constant local survival rate of adult Semipalmated Plovers was 0.71, but 

there was sigificant annual variation. Aunuai variation in sunival was not correlated 

with mean date of clutch completion, or mean temperature on the breeding grounds, but 

was correIated with hatching success (mean number of eggs hatched/nestin,o atternpt). 



To understand a species' population ecology, it is necessary to identify the 

intrinsic and extrinsic factors that are associated with anaual changes in survival and 

fecundity. Survival rates of birds may Vary with age (Botkin and Miller 1971, Kus et al. 

1984, Loery et al. 1987, K a n y d b w a  et al. 1990, Francis et al. 1992, Blums et al. 1996, 

Cézilly et al. 1996, Insley et al. 1997, Warnock et al. 1997), sex (Cézilly et al. 1996, 

Sandercock and Gratto-Trevor 1997), reproductive status (Francis et al. 1992), and 

physical condition (Aebischer and Coulson 1 !WO), and at the population level survival 

rates ofien exhibit marked temporal variation. Biotic factors (e.g., population density, 

cornpetition, and predation rates), and abiotic factors (e-g., c h a t i c  variables) may also 

influence survival probabilities (Lebreton et al. 1992). Climatic variables such as 

temperature, precipitation and wind directly affect the abundance and distribution of food 

resources, which rnay in tum affect survival of birds (Pienkowski 1983, Evans and 

Pienkowski 1984, Yalden and Pearce-Higgins 1997). Determination of factors that 

influence a species' survival and the derivation of precise, unbiased survival estimates are 

both crucial to understanding the dyaamics of animal populations (Lebreton et al. 1992). 

Long-temi studies show rnost shorebirds have a life-history strategy that includes 

low reproductive output, high a ~ u a l  survival rates and delayed age at first breeding 

(Skagen and Knopf 1993, Thompson and Hale 1993, Sandercock and Gratto-Trevor 

1997, Wamock et al 1997). Most smaller shorebird species breed for the f ~ s t  time at one 

or two years of age, but larger species may delay breeding for up to five years (Evans and 

Pienkowski 1984, Marks and Redmond 1996). Most arctic nesting shorebirds lay a four 



egg clutch and there is little among and within year variation in clutch size (Evans 1991, 

Székely et al. 1994, Nol et al. 1997). Hatching success of shorebird nests is stochastic, 

fluctuating among years in response to climatic variables and predation rates. 

Furthemore, because of short breeding seasons, arctic and subarctic breeding shorebirds 

rarely have an opportunity to renest following depredation of theu first clutch, and in 

years of Iate snow melt or inclement weather may forego breeduig altogether (Evans and 

Pienkowski 1984, Nol et al. 1997). 

Shorebird populations are typically characterized by unpredictable breedkg 

performance, high mortality in their first year of life, low reproductive output and high 

adult suvival rates (Evans and Pienkowski 1984, Yalden and Pearce-Hig30ins 1997). 

Species with this type of life-history strategy typically have relatively stable populations, 

but are vuherable to sudden population declines caused by small increases in adult 

mortality (Harris and Wadess 199 1). For many monogamous shorebird species, there is 

Little difference between male and female survival rates (Oring and Lank 1984, Gratto et 

al. 1985, Grant 199 1, Thompson and Hale 1993), which may be due to equal reproductive 

investrnent between the sexes @ru ton  1988). 

Hi& elasticity of adult survival is ubiquitous arnong long-lived vertebrates (e-g., 

Crouse et al. 1987, Brault and Caswell 1993, &aldo et al. 1996, Hitchcock and Gratto- 

Trevor 1997, Crooks et al. 1998); a relatively srnail proportional change in this parameter 

can have a marked effect on population size. Hitchcock and Gratto-Trevor (1997) used 

demographic matrix modelling techniques to explore possible causes of a population 

decline in Semipahated Sandpipers (Calidns pusilla) breeding at La Pérouse Bay, 

Manitoba. The results of their mode1 show-ed that only increases in adult sunival and/or 

I l  



immigration would have been successful in averting the population decline. Changes in 

reproductive parameters, including increased chick survival, increased chick production, 

and lower age at first breeding were ineffective at restoring population growth rate to a 

stable level (Hitchcock and Gratto-Trevor 1997). 

Survival rates of shorebirds are inherently dX6cult to estimate, primarily because 

there are few long-term population studies with colour-marked individuals. In addition, 

most studies have estimated shorebird survival rates by assuming resighting probability 

was close to one, and equated return rates of colour-banded birds with survival 

probabilities (e-g., Oring and Lank 1984, Grant 1991, Peach et al. 1994, Flynn et al. 1999 

but see Thompson and Hale 1993, Paton 1994, Sandercock and Gratto-Trevor 1997, 

Warnock et al. 1997). Return rates, however, are the product of true survival rate, degree 

of site fidelity, temporary ernigration, and rate of resighting, so should be used only as 

minimum estimates of survival. Because changes in survival probabilities c m  have a 

large effect on shorebird population size, it is important to obtain accurate sumival 

estimates. 

Recent statisticd techniques and programs (e-g., S U ~ ~ G E ,  MARK) used to analyze 

capture-recapture data produce separate estimates of  local survival and recapture rates 

(Lebreton et al. 1992). Local lx-vival rate estimates produced by this method are the 

product of true s u ~ v a l  rate and rate of local site fidelity; such estimates are an 

improvement over retum rates which potentially underestimate true sunival (Sandercock 

and Gratto-Trevor 2 997, iVamock et al. 1997). This method also allows the effects of 

factors such as sex, age, and clulaatic variables on survival and resighting rates to be 

assessed. 



The main objective of this study was to caIcuIate annual variation in local survival 

and resighting rates of adult Semipalmated Plovers (Charadrius semipalmatus), a 

seasonally monogamous shorebird breeding in the Hudson's Bay lowIands near 

Churchill, Manitoba. 1 also determined if sex, age class or annual concurions on the 

breeding grounds influenced survival a d o r  resightïng rates. 

NEST SEARCHING 

Al1 areas with suitable nesting habitat that were accessible by road were searched 

with equal effort fkom 1993 to 1997. No vehicle was available in 1992, so the entire 

study area was not thorou&ly searched. This resulted in low banding effort and no 

accurate estimation of population size. Semipahated Plovers are determinate layers, 

clutches containing more than four e,o,as have never been found. However, females 

occasionally lay less than four eggs. Semipahated Plover nests consist of a smdl scrape 

on the ground. Nests were Iocated by walking through the study area and sighting adults 

pei-forming distraction displays, or by observing fora,oing adults fly to the nest site. Al1 

suitable nesting habitats were searched at Ieast twice in June of each year. Because adult 

Semipalmated Plovers rarely leave their nests unattended, it was unlikely that many nests 

were undetected using this method. 

Most nests (90%) were located durùig incubation, so eggs were measured and 

weighed to estimate hatch date based on a regession between the index of specific 

gravity and the ratio of mass to volume (Flynn 1997). To reduce probability of nest 

predation, nest locations were either marked at a distance with natural matenal such as 

13 



rock cairns and wood or were mapped. Nests were subsequently monitored every two to 

four days to determine their fate. To reduce disturbing incubating adults, nests were 

observed kom a distance with a spotting scope. CIutches that disappeared between visits 

were assumed depredated unless another cause was apparent (e.g., destroyed by tides, 

trampled by humans, other animals, or motor vehicles). Just prior to estimated hatch 

date, nests were visited at least daily to check for pipped eggs. Date of clutch completion 

for each nest was estimated by subtracting 24 days (the mean incubation penod) from the 

hatch date of the nest. 

NEST TRAPPING AND BANDING 

During incubation, adults were nest-trapped with either a Potter trap or a walk-in 

keyhole nest trap. The circular wak-in nest trap was constructed Eom hardware cloth 

and contained a net top made of either cotton or nylon netting. The square Potter trap 

was made of 2 mm wire and had a treadle placed over the nestcup that triggered a drop 

door. To prevent the possibiiity of nest desertion, birds were not trapped early in the 

incubation penod. Traps were continuously monitored so that birds were removed 

immediately upon entering, and traps were removed if the adult did not retum withui 20 

minutes. Adult birds were leg-banded with unique combinations of an aluminium 

Canadian Wildlife Service (CWS) band and 1-3 coloured plastic bands (Size XCL, A C  

Hughes Ltd.). During hatch, chicks were caught by hand and each was banded with an 

aluminium CWS band and a brood-specific combination of coloured plastic leg bands. 

Most nestlings were banded one or two days after hatch. Adult plovers were sexed on the 



basis of plumage colouration (Teather and Nol 1997), whereas nesthgs could not be 

sexed by plumage. 

Every year, a smali number of birds were not banded, either because their nest 

was depredated before they could be trapped or because we were unable to trap certain 

'wary' birds. The proportion of unbanded adult birds in the population was small every 

year (19934998, mea .  unbanded birds in population=12%). 

RESIGHTINGS 

During each breeding season, colour-banded Semipalmated Plovers were 

resighted in the field by either having their unique coIour-band combination identified 

with a spo thg  scope or being recaptured on the nest (hqeafter collectively referred io as 

a 'recapture occasion7). OccasionaIly, birds were resighted on coastal mudflats and 

inland ponds but no nest was found. If a colour-band was lost, the individual was 

recaptured, identified by its CWS band and the colour-bands were replaced. 

Semipalmated Plovers are highly site tenacious (Flynn et al.1999), which facilitated the 

identification of birds that had lost colour-bands. Colour-band loss was infiequent (-4% 

of birds), and the najority of the individuals that lost colour-bands (>95%) were 

subsequently re-banded. Therefore, local survival estimates were not likely biased by 

band loss. 



SURVIVAL AND RES IGHTING RATES 

Survival rates were calculated fkom resiatings of colour-banded S emipalmated 

Plovers fkom 1993 to 1998. Capture-histories were constnrcted for al1 colour-banded 

birds, where the first ' 1 fiom the lefi represents the initial banding occasion, and each 

subsequent digit represents one breeding season item 1992-1998 during which 

resightings and recaptures occurred (Appendix 1). A zero in the capture history indicates 

that the bird was either dead, or alive and not resighted that year. Birds banded as 

nestlings were included in the capture history when they were fïrst observed as a breeding 

adult. 

Analysis of capture histories involved a two-step process following methodology 

outlined in Lebreton et al. (1992). RELEASE was used to assess goodness-of-fit (GOF) to 

a Cormack-Jolly-Seber (CJS) model, in which survival and recapture probabilities Vary 

betsveen years, and was applied to each sex separately. The validity of the CJS model 

depends upon several assumptions being upheld (for detailed description of rnodel 

assurnptions see PoIIock 1981, Seber 1986 and Lebreton et al. 1992). The two most 

important assumptions of the CJS rnodel are that al1 individuals in the population have 

the same time-specific survival and recapture probabilities. The complete GOF test 

involves four components that detect variation in suMval (Tests 3.SR and 3.SM) and 

recapture probabilities (Tests 2.CT and 2.CM) of different individuals (for detailed 

description of the component tests see Cooch et al. 1996). Most Unportantly, Test 3.SR 

tests if individuals banded in a given year have the same probability of being resighted in 



subsequent years as do those banded in previous years. Several effects including trap 

dependence, markhg effects, presence of transients in the population, and age effects on 

survival c m  cause Test 3 .SR to be rejected (Cooch et al. 1996, Prevot-JuKard et al. 

1998). Trap dependence occurs when some individuais in the population have low 

capture rates (Le. are unlikely to be trapped andtor resighted) while others have hiph 

capture rates, whereas marking effects occur when the act of marking a bird causes an 

increase in h e d i a t e  mortality (Cooch et al. 1996). Finally, if transient birds are present 

in the population when marking occurs, but depart the study area shortly after, then newlg. 

banded birds wilI have a consistently lower probability of being resighted than will 

previously banded individuals. Only those GOF tests that contained suff3cient data to 

calculate a X' value were included. 

Once a satisfactory starting model was identified, SURGE was used to obtain 

maximum likelihood estimates of  local survival and recapture rates. Models were Etted 

in order of decreasing complexity. This rnodellh approach reduces a mode1 with a large 

number of parameters that provides Little biological insight into the data, into a model 

with fewer parameters that still explains sia&ficant variability in the data and is 

biologically meaningfbl (Kanyamibwa et al. 1990, BunSiam and Anderson 1992). 

The fit of a model was described by deviance @EV = -2 ln (L) where L is the 

maximum likelihood) of the model and the number of estimable parameters (NP). The 

rnodel with the lowest Aikake's Information Criterion (AIC = DEV + 2 W P )  was selected 

as the best fitting mode1 because the AIC provides an unbiased criterion for rnodel 

selection (Burnham and Anderson 1992, Lebreton et al. 1992, Cooch et al. 1996). Pairs 

of nested models were formally compared using the likelihood-ratio statistic, which is 



obtained as the difference in deviance of the two models. This statistic is distn'buted as a 

X2, "th the difference in the number of estimable parameters used as the degrees of 

Çeedom. If the Likelihood Ratio Test (LRT) was not signîfic-, the reduced model was 

accepted and tested against other models with fewer parameters- By using both the AIC 

and LRT, any nonsignificant effects were removed and the most parsimonious model was 

selected. 

MODEL NOTATION 

Mode1 notation follows Lebreton et al. (1992); different models are defined by the 

subscrip ts on the sumival (4) and recapture @) probability parameters. A model with 

time dependence in local survival is written as dt, whereas a model with constant survival 

is written as 4,. The effects of sex (s), year of study (t), age class (2ac) and 

environmental variables on survîval and resighting were tested. Differences bebveen 

sexes or age classes were sometimes constrained to be a constant difference in every year 

by using an additive model. Comparing an additive (e-,p., $scx+time) and saturated mode1 

(e-g., $sex*time) is similar to testing the si,onificance of an interaction tenn in a two-way 

ANOVA (Wamock et al. 1997). 

MODELLING PROCEDURE 

In modelling local survival and resighting rates, 1 started with a fully saturated 

model that included sex, tirne, and age class (41~,,-,*~ p2ac*s*J, and  then fit progressively 

simpler models. Because natal philopatry is very low for Semipalmated Plovers (e% of 

hatchluigs retumed to the study area to breed, Flynn et al. 1999), 1 did not know the 



absolute age of kst-time breeders. So, to test for relative age effects on sumival, 1 

separated birds into two relative age classes to compare local survival &orn year of f i s t  

capture to the following year (age class one) with local sunival in subsequent years (age 

class two) (Johnston et al. 1997, Sandercock and Gratto-Trevor 1997, wamock et al. 

1997). Although this model is termed a two 'age-class' model, only birds banded as 

adults were included. The model compared survival of newly banded birds with that of 

previously banded bïrds, but the absolute age of the birds was urhown. 

EXTERNAL CONSTRAINTS 

Relationships between Semipalrnated Plover survival and resighting rates and 

conditions on breeding grounds were tested uskg SURGE. SURGE incorporates 

environmental covariates into the model, thus taking into account the non-independence 

of successive annual survival estimates (Indey et al. 1997). A logit-link fimction is used 

to reconstitute survival or resi&ting estirnates as a function of the extemal variable (for 

more detail see p.77 of Lebreton et al. 1992, and chapter 6 in Cooch et al. 1996). 1 tested 

three different external variables. The first external variable was mean daily air 

temperature (mean daily air temperature for June and July), which was used to determine 

if temperatures on the breeding gounds affect local survival. Second, 1 used mean date 

of clutch completion in each year as a proxy for seasonal breeding ground conditions. In 

years of late snowrnelt birds are forced to either delay nesting or forego breeding 

altogether (Nol et al. 1997). Therefore, 1 predicted that local sumival would be lower in 

late years, either because of high costs of breeding during unfavourable weather 

conditions, or because birds may disperse to areas where conditions are more favourable. 



The final external variable tested was hatching success (mean number of eggs hatched 

per nest). There are two reasons why annual local suMval and hatching success may be 

correlated. Low batching success may be the result of hi& egg predation rates, which 

may in turn cause a higher than average number of adult birds to be taken by predators. 

Alternatively, low hatching success may be an ixnpetus for dispersal such that birds are 

more likely to disperse following nest failure thereby lowering local sunival rate 

estimates. Weather data were obtained fiom the Environment Canada weather station at 

Churchill, Manitoba- 

BANDING SURIMARY 

Local sumival and r e s igh tb  rates of adult Semipalmated Plovers were calculated 

fÏom the capture histories of 134 adult female and 122 adult male Semipalmated Plovers 

Eom 1992-1998 (Appendix 1). The oldest hown breeding birds were two females that 

suntived to at least ten years of age. These females were banded as adults in 1988 

(assumed to be at least 2 years old), and were 1 s t  observed breeding on the study area in 

1996. Two other females survived to age nine, whereas the oldest breeding males were 

eight years old. Birds that were banded outside of the study area were excluded fiom 

analyses, as were the small number of adult birds banded in 1988. Due to low natal 

r e m  rates, juvenile sunivorship was not modelled. Five birds banded as chicks were 

included in the capture histories when they were first resi-&ted as breeding adults. 



GOODNESS-OF-FIT TESTS 

Resighting probabilities were hi&; the majonty of birds were resighted in the 

year immediately following banding. There were sufficient data to perform one set of 

GOF tests fiom RELEASE (test 3.SR). The results of test 3.SR for males and females 

showed no evidence of heterogeneity of capture (males: X2=9.38, dF5, F0.10;  females: 

X2=6.90, df-5, P=0.23); and therefore the data met CJS model assumptions. 

LOCAL RESIGHTING RATE 

I first modelled resighting rate (p), so that the best fit ofp  was found before 

modelling survival. There was no significant age-class effect (mode1 2 vs. 1; Table 2.1) 

and no significant interaction between sex and t h e  (mode1 3 vs. 2; Table 2.1) in 

resighting rate. The most parsimonious mode1 (i.e. lowest AIC) was one with no annual 

variation in resighting rate but a si,&ficant sex effect (mode16 vs. 5; Table 2.1). The 

resighting rate of males was 21% higher than that of females (males: p=0.85, 95% CI: 

0.76-0.91; females: p=0.64, 95% CI: 0.54-0.73). 

LOCAL SURVIVAL 

Local survival rates of male and female Semipalmated Plovers were not 

significantly different (model 7 vs. 5; Table 2.1) and there was a significant interaction 

between age class and time. The additive model (where survival was constrained to be a 

constant difference) was significantly different h m  the unconstrained model (model 8 

vs. 7; Table 2.1). For adult Semipalmated Plovers, the most parsimonious model was one 



containing two age classes (both with time-dependence) in local survival and sex- 

dependence in resighting rate (mode1 7; Table 2-1). 

In 1993 and 1994, newly banded birds (age class one) had lower Iocd suMval 

rates than did previously banded birds (age class mo), whereas the opposite trend 

occurred in 1995. In 1996 and 1997, local survival did not differ between the age classes 

(Table 2.2). For birds in age cIass one, local survival was high in 1996, and low in 1992, 

1994 and 1997, whereas survivd was high in 1994 and 1996 and low in 1995 and 1997 

for birds in the second age class (Table 2.2). To remove any bias on survival estimates 

caused by the presence of young or transient breeders, suMvai estimates were obtaïned 

from age class two ($2). Based on age class two, the estimated constant local survival 

rate of Semipahated Plovers was 0.71 (95% CI: 0.64-0.75), but s u ~ v a l  varied annually 

fiom 0.49 in 1997 to 1.0 in 1993 (Table 2.2). 

To determine if annual variation in local survival \vas related to annual breeding 

ground conditions, survival estimates were constrained to be a linear function of several 

extemal variables. To remove any bias on survival estimates caused by the presence of 

young or transient breeders, linear constraints were only applied to age class two. Annual 

variation in local survival was not correlated with mean temperature (mode1 9 vs. 7; 

Table 2.1) or mean date of clutch completion (mode1 10 vs. 7; Table 2.1). Hatching 

success was a good predictor of probabiiity of survival to the next year (mode1 11 vs. 7; 

Table 2. l), and had the lowest M C  of al1 rnodels tested (AIC=8 12.87). Years in which 

Semipalmated Plovers experienced high hatching success on the breeding grounds 



Semipalmated Plovers experienced high hatching success on the breeding grounds 

corresponded to years with hi& probability of survival to the next breeding season 

(Figure 2.1). Hatching success and local survival were highest in 1993 and 1994, and 

lowest in 1995 and 1997 (Figure 2.1). 

Recently, there have been many advancements to the basic CJS model. For 

example, statistical techniques and programs for analysis of mark-recapture data have 

been developed that allow the evaluation of the effects of factors such as sex, age, time, 

and environmental variables on survival and resighting. Because the CJS approach 

separates estimates of local sumival &om resighting rates, it is a definite improvement 

over using retum rates as a cmde estimate of minimum survival. Return rates of adult 

shorebirds are cornmonly reported in the fiterature (e-g., Pienkowski 1983, Orin% and 

Lank 1984, Haig and Oring 1988, Thornpson and Hale 1989, Grant 1991, Thompson et 

al. 1994, Flynn et al. 1999) but these estimates should only be considered reliable if 

resighting probabilities of both sexes are nearly 100%, a condition that is rarely met in 

most studies. Resighting probabilities are probably low for many shorebird species, 

especially those that nest at low densities over a large geographic area. Furthemore, if 

the study area is small and suitable nesting habitat is available nearby, birds are unlikely 

be resighted if they emigrate beyond the study area- 



Table 2.1 - Model selection for local survival and resighting rates of adult 

Semipalmated Plovers banded at Churchill, Manitoba fiom 1992 to 1998. Model fi t  is 

described by deviance @EV), number of parameters (NP) and Aikake's Information 

Criterion (MC). Results obtained fiom SURGE. Nested models are compared with 

likelihood ratio tests (LRT) and best-fitting models are s h o w  in bold. 

Mode1 DEV NP AIC LRT DF X2 P 

40 851.02 

32 841.77 2 vs. 1 

28 834.03 3 vs. 2 

27 840.92 4 vs. 3 

24 831.94 5 vs. 3 

23 838.20 6 vs. 5 

13 816.84 7 vs. 6 

9 823.60 7 vs. 6 

10 839.23 9 vs. 6 

10 839.24 10 vs. 6 

10 812.87 11 vs. 6 

Notes: 2ac=two age classes, c=constant, t=time dependence, s=sex dependence, 
+l=survival of birds in age class one, +2=survival of birds age class two, 
temp=mean daily air temperature, h.s.=hatching success (mean number eggs hatched 
per pair). 



Table 2.2 - Annual estirnates of local survival rate (with 95% confidence 

interval) of adult Semipalrnated Plovers breeding at Churchill, MB f?om 1992- 

1997 in the year immediately following banclins (+ l), and in subsequent years 

(42). Parameter estimates obtained fiom mode1 7 (4t,,=t, p,) using SURGE. 

Survival estimates represent the probability of survival to the next breeding 

season. 
- - -- - - 

Newlv banded birds (6 1 ) Previouslv banded birds (62) 

Probability of Probability of 
Year survival to next 95% CI survival to next 95% CI 

breeding season breeding season 
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Figure 2.1 - Relationship between adult Semipahated Plover local survival (males and 

females combined) and mean hatching success at Churchill, Manitoba f?om 1993 to 1997. 

Local survival rate estimates (with associated 95% confiidence intervals) taken fiom 

SURGE, mode1 $ lt($2h.s,ps (mode1 11, Table 2.1) are represented by bars and show the 

probability of sumival to the next year. Hatching success is shown by the black dots and 

is equal to the mean number of eggs hatched per pair. Years with low hatching success 

(1995 and 1997) correspond with years in which local survival rates were lower than 

average. 



As expected, estimates of local survival of Semipalmated Plovers at Chuchil1 

were considerably higher than were retum rates previously reported by Flynn et al. 

(1999) for the same population- The difference between retum rates and local survival 

was greater for females than for males. Fernale retuni rates underestimated local survival 

by more than 3 5% in some years (Flynn et al. 1 999, this study). When resighting rates 

differ among years or between groups of individuals (e.g., sexy age), using retum rates as 

an estirnate of survival could result in the acceptance of false conclusions. In the present 

study, for example, an examination of return rates alone, wouId lead one to falsely 

conclude that female Semipalmated Plovers have higher mortality rates than do males. 

However, when a capture-recapture mode1 that accounts for lower female resightùlg rates 

was used, it was revealed that there were no sex differences in local survival. 

Although modem capture-recapture models produce more reliable estimates of 

survival than do return rates, local survival is still underestimated because permanent 

emigration fkom the study area cannot be distinguished fkom mortality. Because breeding 

site fidelity is typically quite high among adult shorebirds (Orùig and Lank 1984) and 

habitat adjacent to the study area was searched for colour-marked individuals each year, 

local dispersal is probably not underestirnating local survival of Semipalmated Plovers at 

Churchill, Manitoba. However, there are likely some individuals that permanently 

emigrate long distances and are thus never resighted. Male and fernale Snowy Plovers 

(Charadrius aZexandrinus), for example, have been found during the breeding season 50 

to 1140 km (rnedian=l75 km) away from their reguiar breeding site (Stenzel et al. 1994). 

At Churchill, female Semipalmated Plovers occasionally move more than 4 km between 

years (Flynn et al. 1999) 



Scaie of the study is another impoaant consideration when interpreting the results 

of survival analyses. At the Iocal population scale, rnortality and emip t ion  have 

identical effects, whereas at the species level it is important to determine the relative 

importance of mortality and emigration so a species' entire population c m  be monitored. 

For this reason, the scale of this study was restricted to the local breeding population of 

Semipalmated Plovers around Churchill, Manitoba. 

Resighting rates of Semipalmated Plovers were relatively high and did not Vary 

among years. This suggests that despite the large study area, good coverase was 

achieved each year and search effort was consistent among years. Male Semipalmated 

Plovers were resighted at a significantly higher rate than were females. A best-fitting 

mark-recapture mode1 for Snowy Plovers also contained higher male resightins rate, but 

the difference bebveen the sexes was considerably less than that of Semipalniated Plovers 

(Faton 1994). Zn fact, resighting rates for both sexes were Iower than that of 

Semipalmated PIovers (male Snowy Plovers: p=0.68; female Snowy Plovers: p=0.52) 

(Paton 1994). Compared to Semipalmated Plovers, Snowy Plovers are much less site 

faithfil and they breed in more unpredictable habitat (Warriner and Paton 1995). These 

two factors are likely responsible for the lower resighting rates. 

Higher male resighting rates may occur if males are more active than are females 

on the breeding grounds, and thus are more likely to be resighted by researchers (Prévot- 

Julliard et al. 1998). Male Sernipalmated Plovers are more conspicuous than females 

during the pre-laying period because they perfonn aerial displays and vocalizations above 



their nesting territory, and aggressively defend a temtory against intnrding conspecifics 

(Sullivan Blanken and Nol 1998). Incubation duties are shared equally among the sexes 

and in every year of study both rnembers of a pair were identified (by resighting or 

recapture). Additionally, Semipalmated Plovers nest and feed in open habitats and are 

quite conspicuous, so it is unlikely that many birds present on the study area were missed 

during a 'recapture occasion'. For this reason, lower female resighting rates of 

Semipalmated Plovers are not Iikely due to sex differences in conspicuousness. 

Differences in trapability between male and fernale birds c m  also cause sexual 

differences in resighting rates. However, male and female Semipalmated Plovers are 

equally likely to be trapped, and most resightings consisted of observations of colour- 

marked birds as opposed to trapping @ers. obs.). 

Female Semipalmated Plovers may have lower resighting rates than do males 

because they are more likely than are males to temporarily emigrate beyond the study 

area. Among monogamous birds, the sex that secures and defends the territory is usually 

more site tenacious because familiarïty with an area is thought to facilitate the acquisition 

and maintenance of a temtory (Greenwood and Harvey 2982). Higher adult male site- 

tenacity and female-biased dispersal is a widespread phenornenon among monogamous 

male-temtorial shorebirds. Studies have s h o w  that males of many mono,oamous 

shorebird species exhibit stronger site tenacity than do conspecific females (Holrnes 

1971, Lenninston and Mace 1975, Gratto et al. 1985, R e b o n d  and Ienni 1986, Haig and 

Oring 1988, Johnson et al. 1993, Jackson 1994, Paton and Edwards 1996). Male 

Semipalmated Plovers retum to their breeding gromds to defend a temtory before arrival 

of females, and remain faithfil to that temtory during successive breeding seasons, while 



females are less site tenacious, and move greater distances between years (Flynn et al. 

2999). 

Many factors influence a fernale's decision on whether to move to a new nest site 

or rernain at the old site. Females of many shorebird species (e-g., Semipalmated 

Plovers, Snowy Plovers, Piping Plovers (Chardrius rnelodzrs), Semipalmated Sandpipers), 

are Iess likely to return to a previous nest site if her mate does not r e m ,  or if she failed 

to breed durhg the previous breeding season (Gratto et al. 1985, Haig and O M ~  1988, 

Paton and Edwards 1996, Flynn et al. 1999). Previous nest success does not usuaUy 

influence a male plover's decision of whether to return to a territory in successive years; 

he may return to the same temtory despite nest failure during the previous year (Paton 

and Edwards 1996, Flynn et al. 1999). Males may remain fa i f f i l  to a breeding temtory 

because they are f d l i a r  with the distribution of food resources and predator safe areas, 

or because of familiarity with conspecifics (e.~., mates, relatives) (Qring and Lank 1984, 

Gratto et al- 1985, Jackson 1994, Paton and Edwards 1996). Males may also remain 

faithfùl to a nest site because they are unable to establish a territory in an u.damiliar 

location (Greenwood and Harvey 1982). A male plover must acquire a 'good' nest site to 

attract a mate, but fernale plovers are not as tied to a temtory and thus are fÏee to choose 

among available breeding opportunities (Flynn et al. 1999). A female may disperse to a 

new nest site if her chance of breeding successfully is increased or nsk of mortality is 

decreased (Jackson 1994, Flynn et al. 1999), and she may use cues such as previous 

nesting iuccess, nesting density, success of conspecifics and quality of her mate to decide 

whether to move to a new nest site (Paton and Edwards 1996). Higher female dispersal 

results in more fernales than males rnoving beyond the study area and hence being 



resighted at a lower rate. AIthough female Semipalmated Plovers are more likely than 

males to temporarily emigrate, there are no sex Merences in rates of permanent 

enrigration because local sunrival (which is the product of mortdity and permanent 

emigration) did not differ between males and females. 

Lower female resighting rates c m  also arise if females skip breeding seasons and 

remah at lower latitudes. There are records of Semipalmated Plovers over-summering in 

their wintering range, but the sex and age of these individuals are unlaiown (Nol and 

Blanken 1999). In other shorebird species, most over-summering birds are sexually 

immature, fïrst-year birds, but adults of some species over-summer m e i l  et al. 1994, 

Summers et al. 1995). Like Semipalmated Plovers, female Greater Flamingos have lower 

resighting rates than do males (Cézilly et al. 1996). This may be because kmales have 

higher reproductive costs than do males, which is expressed as reduced probability of 

breeding in the year following a successfiil breeding season (Cézilly et al. 1996). 

Femdes of long-lived bird species (e-g., Waved Albatross (Diorneden horata) ,  Antarctic 

FuLmar (Fulmarik glacial0 ides), Lesser Sno w Goose (Anser caendescens caerulescens)) 

are less likely to nest the year following a successfirl season, presumably because of costs 

associated with breeding (Rechten 1986, Weimerskirch 1990, Viallefont et al. 1995). 

Although this phenornenon has not been documented for any shorebird species, it is 

possible that female plovers skip breeding seasons when they cannot meet the energetic 

requirements for breeding that year. A female may skip a breeding season if she is in 

poor physical condition and thus unable to undertake a long rnigation and incur 

reproductive costs. By skipping a brezding season, she sacrifices present reproduction in 

favour of survival to the next breeding season and future breeding opportunities. A 



summer survey of w i n t e ~ g  grounds would be useful to determuie if any adult females 

are over-surnme~g. 

ABSENCE OF SEX DIFFERENCES TN LOCAL SURVIVAL 

S tudies of male-territorial, monogamous shorebirds have found no sema1 

differences in adult retum rates or slightly higher male return rates ( O M ~  and Lank 

1984, Gratto et al. 1985, Thompson and Hale 1989, Grant 199 1). Sexual differences in 

retum rates alone cannot be accepted as conclusive evidence for differential survival rates 

between sexes because, as in this study, resighting rate may be sex-dependent. Local 

survival rates of male and female Semipalmated Plovers did not differ, which agees with 

several other shorebird survival studies Woot et al. 1992, Thompson and Hale 1993, 

Paton 1994, Insley et al. 1997, Warnock et al. 1997). Local sunival of female 

Semipalmated Sandpipers, however, was consistently lower than that o f  males 

(Sandercock and Gratto-Trevor 1997), and fernales experienced higher mortality on the 

breeding grounds than did males (Gratto-Trevor 199 1). Higher rnortality of breeding 

females is cornmon arnong waterfowl, and is usually attributed to energetic costs of egg 

production and incubation, anaor high susceptibility of incubating females to predators 

(Sargaent and Raveling 1992). This may not be true of shorebirds because both males 

and females incubate. 

Although incubation is shared equally between male and female Semipalmated 

Plovers, females invest a significant amount of energy into egg production (a four egg 

clutch represents more than 75% of a fernale's body rnass) (Nol and Blanken 1999). 

Conversely, male plovers expend more energy in temtory defence and remain with the 



brood a week Ionger than do females. Intersexual differences in reproductive investment 

rnay not be reflected in s u ~ v a l  rates if females have evolved behavioural mechanisms to 

compensate for the added costs of egg production (Cézilly et al. 1996). One such 

mechanism for female Semipalmated Plovers may be reduction in time spent on arctic 

breeding grounds (Gratto-Trevor 199 1). Females arrive later in spring and depart earlier 

at the end of the breeding season than do males. Ashkenazie and Safiiel(1979) found 

that Semipalmated Sandpipers breeding in Alaska had an energy deficit by the end of  

incubation and suggested that females that deserted the brood early to migrate to better 

feeding areas would have higher survivaf rates. Other possible fitness benefits of early 

female departure are decreased predation risk and increased availability of food on 

staging areas (Boates and Smith 1989, Schneider and Harrington 19 8 1, Gratto-Trevor 

1991). 

There are hi& apparent energetic costs of breeding for Semipalmated Plovers, 

because when faced with unusually harsh weather on breeding grounds, plovers rnay be 

unable to acquire sufficient energy reserves ta sustain egg production and long bouts of 

incubation (Nol et al. 1997). Consequently, plovers rnay forego breedïng andlor lay 

smaller clutches (Nol et al. 1997), presumably to improve their probability of survivat to 

the next breeding season. If lower female resighting rates in this study are the result of 

females skipping breeding seasons when they are unable to rneet the energetic 

requirements of breeding, this could be another behavioural adaptation that ailows 

females to maintain survival rates equal to that of males. 



COMPARISON lVLTH OTHER SHOREBIRD SPECIES 

It is important to consider uiterspecific differences in site tenacity when 

comparing survival rates among shorebird species because local s u ~ v a l  estimates 

confound mortality and emigration (S andercock and Gratto-Trevor 1 997). Many 

ecologïcaI, environmental and demographic factors can influence a species' site tenacity. 

Species that are temtorial, have a monogamous mating system and exhibit biparental care 

tend to hzve the highest rates of site fidelity, whereas environmental factors such as 

habitat stability and increased predation, and demographic factors such as a skewed sex 

ratio will result in lower Ievels of site tenacity ( O M ~  and Lank 1984). 

The estiinated 71% local survival rate of adult Semipalmated Plovers (42) is 

comparable to survival estimates of other male temtorial shorebirds, including wintering 

Dunlin (Cdidris alpina) in California (74%; Warnock et al. 1997), breeding Redshadcs 

(Tringa totanus) in Scotland (age 2: 67%, age 3+: 74%; hsley et al. 1997), breedins 

Redshanks in England (males: 72%, females: 67%, Thompson and Hale 1993), breeding 

Snowy Plovers in Utah (69%; Paton 1994), breeding Piping PIovers in Great Plains 

region (66%; Root et al. 1992), and breedïng Piping Plovers in Massachusetts (74%, 

USFWS 1996). LocaT survival of adult Semipalmated Sandpipers breeding at La Pérouse 

Bay was lower than that of Semipalmated Plovers (Semipalmated Sandpipers: males: 

61%, females 56%; Sandercock and Gratto-Trevor 1997). This may be partly due to the 

smaller size of Semipalmated Sandpipers (Semipahated Sandpipers weigh about half as 

much as do Semipalmated Plovers), however, there were probably other contnbuting 

factors, since the Semipalmated Sandpiper population was in decline at the tirne 

(Hitchcock and Gratto-Trevor 1997). Body size may be an indicator of mortality in 



shorebirds, with smdler species having lower survival rates than larger species (Boyd 

1962). Possible reasons for higher mortality rates of smaller shorebird species are 

increased energetic demands and greater vulnerability to a wider range of aerial predators 

(Bèlisle and Giroux 1995, Warnock et al. 1997). 

AGE EFFECTS ON LOCAL SURVIVAL 

The best-fitting unconstrained survival mode1 for Semipalmated Plovers 

contained a two-age class terrn with time-dependence in both age classes. Many studies 

have found that birds have lower survival in the year immediately following banding than 

in subsequent years (Insley et al. 1997, Johnston 1997, Waniock et al. 1997). Lower 

suMval of newly banded birds can result fÏom a banding/trapping effect (Pradel et al. 

1995, Warnock et al. 1997), heterogeneity in capture (Francis and Cooke 1992, Prévot- 

Julliard et al. 1998) or the presence of transients in the populations ofbanded birds 

(Johnson et al. 1997). Iftransient birds are included in capture histories, s u ~ v a l  in the 

year immediately following banding will be artificially lower because birds that are 

passing through the study area are banded and then never resi&ted (Johnson et al. 1997, 

Wamock et al. 1997). The presence of transients is a common problem in mist-net 

studies conducted during migration (e.g., Warnock et al. 1997) but is likely not an issue 

in my study because only breeding büds were banded. However, it is possible that 

transient breeders en route to more northerly breeding grounds may have "short-stopped" 

to breed at Churchill in some years. Transient breeding Lesser Snow Geese have been 

observed in the Akimiski Island Snow Goose colony in southem James Bay (Abraham et 

al. 1999) and in the La Pérouse Bay colony near Churchill, Manitoba (F. Cooke pers. 



comm.). When weather conditions fiirther noxth are unfavourable, Snow Geese shorten 

their migration and breed M e r  south, rett.uning to their regular breeding grounds in 

subsequent years (Abraham et al. 1999). Transient breeders have never been reported in 

shorebird populations, but their presence could easily go unnoticed. 

Trapping and rnarking may negatively affect suwival of some shorebird species. 

For example, Dunlin and Western Sandpipers are more prone to raptor predation in the 

days immediately following capture (Wamock and Takekawa 1996, Wamock et al- 

1997). Nest-trapping and bandins Semipalmated Plovers does no t appear to negatively 

impact their subsequent survival, because birds typically r e m  to the nest quickly afier 

trapping and were usually observed at the nest for several days post-handling, 

Additionally, survival of newly banded birds was equal'to or greater than that of 

previously banded individuals in 1995, 1996 and 1997, and the age class effect in L993 

could have been an artefact of a srnall sample size of age class two birds. 

In 1994, survival of newly banded birds was considerably lower than that of 

previously banded individuals (4 1=0.54, $2=0.94) despite h iaer  than average hatching 

success and warmer than average weather conditions on Churchill breeding grounds (Nol 

et al. 1997). The absolute age of newly banded birds was udaown, so, it is possible that 

a hi& proportion of birds banded in 1994 were young or inexperienced birds that 

subsequently dispersed to other areas or died. Higher energetic costs for first-the 

breeders may cause hlgher rnortality (Viallefont et al. 1995, Prévot-Juliiard et al. 1998), 

but if this were m e  for Semipahated Plovers, then survival of newly banded birds 

should have been consistently Iower than that of previously banded individuals. Future 



research will ascertain whether lower survival of newly banded Semipalmated Plovers 

occasionally occurs, or if 1994 was t d y  an anomalous year. 

ANhFU.iU, VAEUATION IN LOCAL SURWAL RATES 

There was significant annuzl variation in survival of Semipalmated Plovers 

breeding at Churchill, which is typical of shorebird populations (Root et al. 1992, 

Thompson and Hale 1993, Paton 1994, Sandercock and Gratto-Trevor 1997 but see 

Wamock et al. 1997)- Annual variation in local survival was not correlated with annual 

variation in mean date of clutch completion or mean daily temperature on the breeding 

grounds. h u a i  variation in Semipalmated Sandpiper local s u ~ v a l  at La Pérouse Bay 

was also not correlated with weather conditions on the breeding grounds and authors 

suggested that this mi& be partly due to the relatively short duration of their study (N=8 

years) (Sandercock and Gratto-Trevor 1997). Failure to find a correlation between 

survival of Semipalmated Plovers and environmental conditions may be due to a srnaIl 

sample size (N=6 years), because the appropriate variables were not measured (e-g., wind 

speed, wind chill, availability of mudflats), or because interactions among abiotic factors 

were not considered. 

Shorebird survival is likely to be more influenced by selection factors operathg 

elsewhere in the annual cycle. There is unlikely to be any strong correlations between 

environmental conditions on the breeding grounds and shorebird sumival because life 

history theory predicts that in long-lived species, environmental stress will affect 

fecundity before affecting adult suvival (Benton and Grant 1996, Oro et al. 1999). 

Several long-tenn studies (more than 15 years) of wintering shorebirds (Peach et al. 



1994, Insley et al. 1997, Yalden and Pearce-Higgins 1997) and other wintering bird 

species (Clobert et al. 1988, Kanyamibwa et al. 1990, Cézilly et al. 1996) have found 

correlations between survival rate and environmental variables. However, no studies 

have found a correlation between adult shorebird survival and environmental conditions 

on the breeding grounds. 

Weather conditions on wintering grounds, where shorebirds spend six months of 

the year, have a much greater innuence on local survival than do breeding gound 

conditions. High density of shorebirds and cornpetition for resources may M e r  

exacerbate any weather effects. Environmental factors such as temperature, precipitation 

and wind affect the availability and distribution of invertebrate prey (Pienkowski 1983, 

Evans and Pienkowski l984), which may in him affect shorebird survival. Adult Local 

survival of wintering Golden Plovers was correlated with mean monthly air temperature 

(Yalden and Pearce-Hig,%s 1997), and s u ~ v a l  of Redshanks and Lapwings (Vanellus 

vanellus) was correlated with both rainfall and temperature on wintering grounds. High 

mortality of Redshanks occurred during winters that were either significantly wetter or 

dner than average or were unusuaLly cold (Insley et al. 1997). Winter weather was also 

an important cause of mortality arnong populations of Golden Plovers (Yalden and 

Pearce-Higgins 1 99 7). Heavy rainfall and cold temperatures reduce the availab ility of 

invertebrates near the surface of the mud, and consequently depress shorebird foraging 

rates (Pienkowski 1983, Insley et al. 1997). Heavy rnortality of shorebirds may occur 

during prolonged periods of inclement weather (e-g., heavy rainfall, strong wuid, 

unusually cold temperatures) because of a reduction in prey avaiiability and excessive 

heat loss. First-year birds and birds in poor physical condition may be particularly 



susceptible to cold weather mortdity because of inadequate fat reserves (Insley et al. 

1997). 

Local survival of Semipalmated Plovers at Churchifl, MB and r e m  rates of 

Semipalmated Plovers to Prudhoe Bay were lower than average in 1998, the breeding 

season immediately following an El NGo Southern Oscillation (ENSO) event (Nol and 

Blanken 1999). Changes in marine water temperature, such as those that occur during an 

ENS0 c m  have a large impact on the marine intertidal ecosystem (Sanford 1999). For 

example, only a slight decrease in water temperature dramatically reduced the effects of a 

keystone predator (Sea Star, Pisaster ochracceus) on its principal prey, which could 

potentially cause large-scale ecological changes (Sanford 1999). Changes in 

oceanographic conditions that occur during ENSO alter food availability and cause high 

mortality in some seabird species (e.g., Snow Petrel, Pugodroma nivea) (Chaste1 et al. 

1993). If gowth and suvival of invertebrate prey are also affected by ENSO, then 

shorebird s w i v a l  could be sirnilarly affected. The impact of wintering ground 

conditions on Semipalmated Plover sumival deserves fixther study. 

EFFECT OF HATCHING SUCCESS ON LOCAL SURVIVAL 

Of al1 models tested, the best-fitting sunival mode1 contained a two age class 

term with survival in the second age class constrained to be a fùnction of hatching 

success. In other words, hatching success appears to be a good predictor of adult 

Semipalmated Plover local sumival. Years in which mmy nests were depredated, and 

thus hatching success was low, corresponded to years with low survival rates. Nest 

depredation may be an impetus for dispersal, in that unsuccessful birds disperse to new 



nesting areas beyond the boundanes of the study area (Thornpson and Hale 1989, Gratto 

et al. 1985, Payne and Payne 1990, Haaç 1998, Flynn et al. 1999). Hi@ predator density 

or abundance, low hatching success of conspecifics, o r  poor individu4 success in 1995 

and 1997 rnay have been indicators of a poor nesting area and thus e n c o w e d  

Semipalmated Plovers to permanently emigrate. A previous study found that nesting 

success and divorce iduenced return rates of female, and to a lesser extent male 

Semipalmated Plovers, to the Churchill study area (Flynn et al. 1999). Hi& hatching 

success resulted in higher return rates in the subsequent year. Furthemore, females that 

experienced breeding failure and changed mates in the subsequent breeding season 

dispersed farther distances than did successful females that changed mates (Flynn et al 

1999). Semipalmated Plovers may be using a 'decision rule' (Haas 1998) in that 

individuals select nest sites and decide whether or not to disperse based on their prior 

nesting experience. 

There are several predators of Semipalmated Plover eggs and young, including 

Raven (Corvus corax), Rough-legged Hawk (Buteo lagopus), Arctic Fox (Alopex 

lagopus) and Red Fox (Vulpes vuipes) (Sullivan Blanken and Nol 1999). An artificial 

nest study (using Japanese Quail eggs) conducted in 1998 aIso revealed Short-tailed 

Weasels as likely egg predators (D. Badzinski, unpublished data). Similar to other arctic- 

nesting birds, Semipalmated Plover nest predation rates rnay flucîuate in response to 

microtine levels, with high predation in years of low microtine numbers as predators 

(p articularly foxes) seek altemate prey sources (Norton 1 972, Gratto-Trevor 1 992, 



Underhill et al. 1993, Nol and Blanken 1999). A relationship behveen Arctic Fox, 

lemmings and breeding birds was first suggested by Larson (1960) who noticed that 

Arctic regions with few or no lemmings supported few breeding birds, and the birds' 

anti-predator strategies were highly developed. However, in areas where lemmings were 

present, the avifana was richer, and breeding birds performed less intensive disiraction 

displays (Underhill et al. 1993). This observation led to the formation of the Roselaar- 

Summers hypothesis (Summers 1986, Dhondt 1987, Underhill et al. 1993), which 

suggested that breeding productivity of shorebirds and Brent Geese (Branta berniada 

bernicula) was directly related to the abundance of lemnhgs and foxes. In particular, 

Summers and Underhill(1987) suggested that lemming abundanceper se is not the 

critical factor, but the change in lemming abundance. In a year following a lemming 

peak in which lemmings have declined or are declining, predation rates are intensitied 

because foxes switch fiom being temtorid to nomadic, and predators (mamrnalian and 

avian) move into the area from regions that did not experience a lemming peak in the 

previous year (Underhill et al. 1993). The densiw of collared lemmings (Dicrostonyx 

richardsuni) at Churchill, Manitoba dropped dramatically fiom 12.5 lemrnuigs/ha in 1994 

to 0.9 lemmingdha in 1995 remained low in 1996 (0.5 lemmings/ha) and began to 

increase in 1997 (2.2 lemmuigsha) @oth 1998). Low survival of adult shorebirds, and 

hi& levels of nest depredation in 1995 may have been a direct result of predators 

switchinp to Semipalmated Plovers and their egps as alternate prey. 

The correlation between nest success and local survival of Semipalmated Plovers 

is probably caused by two different factors. High rates of nest failure may cause birds to 

permanently emigrate to nesting areas with lower predation risk. Secondly, in some 



years, predator densities may be high andor predators are forced to switch to aiternate 

food sources, causing high rates of egg and addt predation and consequently lower adult 

survival. 

This study demonstrates that breedins ground conditions, particularly predation 

rates idluence Semipalmated Plover hatching success, which in tuni influences local 

survival. Local survivd rates are likely more influenced by weather conditions on the 

wintering grounds than on breeduig grounds, and changes in oceanographic conditions 

that occur during El Nino years could also influence survival. Further investigation into 

factors promoting dispersal fiom the study area is needed. In particular, research should 

focus on explaining why female Semipalmated Plovers are more likely than are males to 

temporarily emigrate. 



&WUAL VARIATION IN SE~ZIPALAMATED PLOVER (CE~RADRTUS SEUCPRZ~U TUS) 

REPRODUCTIVE SUCCESS AND THE INFLUENCE OF PREWQDCIS BREEDING EXPERIENCE 

Annual variation in clutch size, egg predation rate, hatching success, and fledaoing 

success of Semipalmateci Plovers (Charadrius semipalrnatuzs) breeding at Churchill, 

Manitoba was studied f?om 1992 - 1998. 1 tested whether breeding experience of 

individuals affects hatching success, fledging success, and nesting chronology My 

prediction was that experienced individuals would hatch more eggs, fledge more chicks, 

and nest earlier in the season than would inexperienced biras. Clutch size, hatchability, 

hatching success, and nest predation showed siacgificant annual variation. Clutch size 

was lower in hvo years, sugsesting that reductions in clutch size of shorebirds are more 

common than previously believed. Hatchability of nests ramged fiom 80% - 98%, and on 

average, was lower than that of many other shorebirds. L o w  clutch size and hatchability 

in 1992 and 1998 may be linked to El NEo events during t h e  previous winters. There 

was no detectable annual variation in number of chicks flediged per nesting atternpt or 

number of chicks fledged per brood. On average, pairs produced 0.92 fledglingshesting 

atternpt and 1-87 fledglingshrood. F l e d a ~ g  success, but mat hatching success improved 

with breeding expenence, but the effect varied between the: sexes. Pairs with an 

experienced male fledsed more chicks than did either inexperienced pairs or those with 

an experienced female. Previous breeding experience had n o  effect on laying date. 



Many life-history traits, such as timing of nesting, acquisition of mates, egg size, 

clutch size and fledging success, Vary among birds of different age and previous breeding 

expenence (Hepp and Kennamer 1993). Many studies have been unable to examine the 

independent effects of age and breeding expenence, but those that were able to control 

for age found that breeding expenence increased reproductive success ( e g ,  Wooler et aL 

1990, Pyle et al. f 99 1, Hepp and Kennamer 1993, but see Croxall et al. 1992). 

Experienced birds rnay nest earlier in the season and have higher reproductive success 

thaa do inexperienced conspecincs. For example, expenenced female Wood Ducks (Air  

sponsa), initiated nests earlier, produced Iarger clutches and hatched more eggs than did 

inexpenenced females (Hepp and Kemamer 1993). Previous breeding experience also 

affects reproductive success of female polyandrous Spotted Sandpipers (Actitis 

macularia). Expenenced female Spotted Sandpipers acquire more mates, hatch more 

eggs and fledge more chicks than do inexperienced females (Oring et al. 1983). 

Four main hypotheses have been proposed to explain why avian reproductive 

success improves with ase (Nol and Smith 1987). First, the breeding experience 

hypothesis predicts that reproductive success will improve with experience whereas, 

second, the age hypotbesis predicts that age-related improvements in skills such as 

foraghg efficiency and predation avoidance, will allow older birds to fledge more young. 

Third, older birds rnay increase reproductive effort in Iater years to because of declining 

survival rates and thus reduced probability of future breeding opportunities (the residual 

reproductive value hypothesis). Finally, the selection hypothesis attributes higher 

reproductive success of older birds to differential suIvival of successfùl and unsuccessful 



breeders (Nol and Smith 1987). If successful breeders have higher survival rates than do 

unsuccessful breeders, then older age classes will contain a high proportion of successful 

individuals. These hypotheses are not mutually exclusive, because several factors likely 

act together to increase performance of older birds (Wooler et al. 1990, Forslund and Part 

1995). 

A positive relationship between breeding experience and reproductive success has 

been documented for a wide variety of bird species, including waterfowl (e-g., Baillié and 

Milne 1982, Forslund and Lanson 1992, Hepp and K e ~ a m e r  1993), seabirds (e-g., 

Wooller et al. 1990, Pyle et al. 1991, Croxall et al. 1992), raptors (Newton et al. 1981, 

Korpimaki 1988), and passerines (see review Nol and Smith 1987, Harvey et al. 1988, 

Sasviri  and H e g i  1993), but has been demonstrated for only two shorebird species 

(Redshank (Tringa ~etanzcs), Thompson and Hale 1 98 9; and Spotted Sandpiper, Oring et 

al. 1983, Oring et al. 1994). This does not necessarily ïndicate that age-dependent 

reproduction is uncornmon among shorebirds, but more likely reflects the diEEiculties 

associated with measuring shorebird reproductive success and a lack of long-term studies 

with hown-age individuals. 

For arctic-nesting shorebirds, among and within year variation in clutch size is 

low (Székely et al. 1994). Most species lay four eggs, and reductions in clutch size are 

rare (but see Redmond and Jenni 1986, Nol et al. 1997, Sandercock et al. 1999). 

Shorebird hatching success, on the other hand, varies significantly among species, and 

within a species hatching success tends to fluctuate among years in response to changes 

in environmental conditions (e-g., weather, predator abundance) (Evans and Pienkowski 

1984, Redmond and Jenni 1986). 



Although estimates of hatching success are available for most shorebird species, 

few studies have been able to follow the survival of chicks Eom hatch to fledge. 

Shorebird chicks are precocial, and have cryptic colouration and behaviour, so, it is very 

difficult to re-locate chicks once they leave the nest. Because chick mortality is highest 

during the f is t  few weeks of life (Evans and Pienkowski 19841, hatching success may be 

a poor measure of reproductive success. Therefore, it is important to obtain estimates of 

shorebird fledging success. 

The reproductive success of colour-marked Semipalmated Plovers (Charadrius 

semipalmarus), nesting in the sub-arctic region of Churchill, Manitoba has been studied 

for seven breeding seaçons (1992-1998). In this paper, 1 will descnbe annual variation in 

clutch size, egg predation rate, hatching success, and fledging success of Semipalmated 

Plovers. 1 will also test the prediction that individuak with previous breeding experience 

hatch more eggs, fledge more chicks and nest earlier in the season than do inexperienced 

birds. 

NEST SEARCHING 

Nesting success of Semipalmated Plovers at Churchill, lManitoba was rnonitored 

for seven years (1992-1998). Al1 areas with suitable nesting habitat that were accessible 

by road were searched with equal effort fkom 1993 to 1997. No vehicle was available in 

1993, so the entire study area was not thoroughly searched. This resulted in low banding 

effort and no accurate estimation of population size. Semipalmated Plovers are 

determinate layers, clutches containing more than four eggs have never been found. 



However, females occasionally lay less than four eggs. Semipalmated Plover nests 

consist of a mail scrape on the ground. Nests were located by walking through the sîudy 

area and sighting adults performing distraction displays, or by observing foraging adults 

fly to the nest site. All suitable nesting habitats were searched at least twice in June of 

each year. Because adult Semipalmated Plovers rarely leave their nests unattended, it 

was unlikely that many nests were undetected using this rnethod. 

Most nests (90%) were located during incubation, so eggs were rneasured and 

weighed to estimate hatch date baçed on a regession between the index of specific 

gravity and the ratio of mass to volume (Flynn 2997). To reduce probability of nest 

predation, nest locations were either marked at a distance with natural matenal such as 

rock cairns and wood, or the locations were mapped. Nests were subsequently monitored 

every two to four days to detennine their fate. To reduce disturbing incubating adults, 

nests were observed £tom a distance with a spotting scope. Clutches that disappeared 

between visits were assumed depredated unless another cause was apparent (e-g., 

destroyed by tides, trampled by humans, other animals, or motor vehicles). Just pnor to 

esthated hatch date, nests were visited at ieast daily to check for pipped eggs. Once 

eggs are pipped, hatching usually occurs within 12 hours, but c m  take up to four days 

(Sutton and Parmelee 1955). The date at which a complete clutch was laid and 

incubation began (date of clutch completion) for nests that were located during 

incubation was estimated by subtracting 24 days (mean penod of incubation) fiom hatch 

date. 



NEST TRAPPING AND BAiWING 

During incubation, adults were nest-trapped with either a Potter trap or a waIk-in 

keyhole nest trap. The circula walk-in nest trap was constructed fkom hardware cloth 

and contained a net top made of either cotton or nylon netting- The square Potter trap 

was made of 2 mm wire and had a treadIe placed over the nestcup that triggered a drop 

door. To prevent the possibility of nest desertion, birds were no t trapped early in the 

incubation perïod. Traps were continuously monitored so that birds were removed 

immediately upon- entering, and traps were removed if the adult did not retum within 20 

minutes. Adult birds were leg-banded with unique combinations of an alumiriium 

Canadian Wildlife Service (C WS) band and 1-3 coloured plastic bands (Size XCL, A.C. 

Hughes Ltd.). D u h g  hatch, chicks were caught by hand and each was banded with an 

aluminium CWS band and a brood-specific combination of coloured plastic leg bands. 

Most nestlings were banded one or two days after hatch. Adult plovers were sexed on the 

basis of plumage colouration (Teather and Nol 1997) whereas nestlings could not be 

sexed by plumage. 

Every year, a small number of birds were not banded, either because their nest 

was depredated before they could be trapped or because we were unable to trap certain 

'wary' birds. The proportion of unbanded adult birds in the population was small every 

year (1 993- 1998, mean unbanded birds in population=lS%). 

Pre-fledging survival of Semipalmated Plover chicks was monitored for four 

years (1995-1998). Parents lead the chicks away fiorn the nest withùi 24 hours of 



hatching to forage on mudnats dong Hudson Bay or at inland ponds, so these areas were 

searched extensively to locate family groups. To minimïze disturbance, families were 

observed from a distance with a spotting scope. Family groups were observed every 3-4 

days to determine the number of chicks present. Semipalmated Plover chicks are difficult 

to locate because they are cryptically coloured, and crouch down in response to the a l m  

calling of parent birds. To avoid underestimating fledging success by including chicks 

that were missed during an observation penod but were actually stiLl alive, I only 

included family groups in which the same number of chicks was recorded on multiple 

occasions. Ifboth parents were observed without chicks, and exhibited no parental 

behaviour (Le. alann calls, distraction displays) on more than one occasion, the chicks 

were assumed to be dead. Maie Semipalmated Plovers remain with the brood until 

fledging, whereas females leave at approxirnately 15 days d e r  hatch (Blanken and Nol 

1999). Semipalmated Plovers are capable of flight 2 1-24 days after hatch (E. Nol pers. 

comm), so for this study, 1 defined pre-fledging sunival as survival to 21 days. 

For this study, clutch hatching success was defked as the percentage of nests that 

hatched at least one yoms  (number of nests hatching at least one young/total number of 

nests), and included depredated, destroyed and abandoned nests. Egg hatchuig success, 

or hatchability was the percentage of eggs laid that hatched successfuUy, excluding nests 

that hatched no eggs (total number of eggs hatched fiom successful nests/total number of 

eggs Iaid in successful nests). Clutch hatching success reflects total nest loss due to 

predation, abandonment, and destruction, whereas egg hatching success is a rneasure of 

how many eggs failed to hatch, because of infertility, neglect, or damage. For this study, 



1 defined fledging success as the percentage of nesting attempts that fledge at l e s t  one 

young (total number of young fiedged/total number of eggs laid), and pre-fledgling 

survival as the percentage of hatched chicks that survived to fledging (total number of 

fledglingsftotal number of chicks hatched). Finally, a bird was classified as experienced 

if it was h o w n  to have bred at Churchill in a previous year (Le., it was banded 

previously). 

EFFECT OF BREEDIP qG EXPERIENCE ON REPROD WCTIVE SUCCESS 

To determine if breeding experience influences Semipalmated PIover hatching 

andlor fledging success, 1 classified each breeding pair into one of the following 

experience levels: 

1) inexperienced @oth male and female are inexpenenced) 

2) expenenced female (female is experienced, male is inexperienced) 

3) expenenced male (male is expenenced, female is inexpenenced) 

4) experienced @oth male and female are experienced) 

Although some birds were banded in 1992, intensive banding efforts did not begin untiI 

19%. So, in 1993 all unbanded birds on the study area would have been considered 

inexperienced. For this reason, 1 only used data fiom 19944998 for this analysis. 

STATISTICAL AYALYSES 

The distribution of number of e g g  laid, number of hatched eggs and number of 

young fledged deviated strongly Eom normality and could not be made normal through 

transformations. Therefore, 1 used non-parametric statistical methods to test for annual 



variation in S emipahated Plover reproductive success. Specifically, Kruskal-Wallis 

tests (PROC NPAR1 WAY, SAS Institute Inc. 1990) were used to determine if clutch 

size, number of eggs hatched per nesting attempt, number of chicks fledged per nesting 

attempt, nurnber of ezgs hatched per successful nest, and number of chicks fledged per 

brood varied among years. 

To determine if number of eggs hatched or number of young fledged per nesting 

attempt, varied among pairs of different experience levels, 1 used a log-hear mode1 

which treated the number of hatched eggs or nurnber of fledged young as a rnultinornialiy 

distrîbuted random variable PROC CATMOD, SAS Institute Inc. 1990) (Hitchcock and 

Gratto-Trevor 1997). This procedure is analogous to ANOVA with the exception of the 

test statistic, which is asymptotically distributed as a X2 distribution (Hitchcock and 

Gratto-Trevor 1997). 

To test my hypothesis that experienced birds nest earrier in the season, 1 used an 

-4NOVA (PROC AhTOVA, SAS Institute Inc. 1990). To account for significant year-to- 

year variation in date of clutch completion (hereafter DOC) (ANOVA, F6,ur=20.67, 

PcO.001) (Figure 3.1), dates were first standardized usirg the following formula: 

-(xi-@ 

- , where xi is the DOC for each nest and E is the mean DOC. A negative DOC 
X 

indicates that a nest is laid earlier than the population average and positive dates indicate 

that the pair nested later than average. 

Al1 means are presented & 1 standard error. Al1 tests were two-tailed and were 

considered significant at P<0.05. P-values reported fÏom Kruskal-Wallis tests were 

adjusted for ties (Zar 1996). 



1992 1993 1994 1995 1996 1997 1998 

Year 

Figure 3.1 - Annual variation in mean date of clutch completion (+I SE) for a colour- 

banded population of Semipalmated Plovers nesting at Churchill, Manitoba kom 1992- 

1998. Dates are Julian dates where 152=1 June for al1 years except the two leap years 

(1 992 and 1996) where 134=1 June. Bars with different letters are significantly different 

fiom each other. 



There was significant annual variation in Semipalmated Plover clutch size fÏom 

1992 to 1998 (Kniskal-Wallis: X2=16.30, dF6,  Pc0.05). Clutch size was srnallest in 

1992 (3.72+0.11), foilowed by 1998 (3.83S.09) and 1997 (3.85k0.06) (Table 3.1). In 

2995, al1 Semipalmated PIovers laid four egg clutches, but in 1992 and 1997, a higher 

than average proportion of nests contained three egg clutches (Table 3.2). The proportion 

of nests with less than four eggs ranged Eom 0% in 1995 to 24% in 1992 (Table 3.2). 

CLUTCH AiYD EGG HATCHING SUCCESS 

There was significant annual variation in number of ezss hatched per nesting 

atternpt (Kmskal-Wallis: %'=18.23, d ! 6 ,  Pc0.01). Semipalmated Plovers hatched the 

greatest number of eggs per nesting atternpt in 1994 (2.98k0.26) and the fewest in 1997 

(1.83k0.24) (Table 3.1). Clutch hatching success varied kom 52.4% in 1995 to 77.4% in 

1994. 

Rates of nest predation also varied annually (;2=12.60, d m ,  Pc0.05) (Figue 

3.2). In 1995 and 1997 a high proportion of Semipalmated Plover nests were depredated 

(47.6% and 43.1% respectively), whereas a low proportion of nests were depredated in 

1994 and 1996 (1 6.3% and 15.8 % respectively) (Fiawe 3 -2). Other causes of nest 

failure were abandonment (3% of nests fiom l99Zl998) and destruction by trampling 

(1.5% of nests Eorn 1992-1998). 



Tnblc 3.1 - Sumniary of aiiiiual variation iii reproductive success froiii 1992- 1998 for a colour-mrked breediiig popiilation of 

Semipalmated Plovers at Cliurcliill, MB. Numbers in parentheses represeiit sample s ix ,  and ineans are presented f 1 SE. Kruskal- 

Wallis tests were used to test for aiinual variation and P-values were adjustcd for ties. 

Reproductive Paraiiietcr 

Clutch Size 

CIutch Hatcliitig Siicccss 

Eggs hatched per ncstiiig 
attempt 

Egg Hatching Success 

Eggs hatclied per 
successful nest 

Fledging Success 

Cliicks fledged pcr 
nesting atteinpt 

Cliick survival 

Cliicks fledged per 
brood 



Table 3.2 - Distribution of eggs laid and eggs hatched by Semipalmated Plovers 

breeding at Chwchill, Manitoba fiom 1992 to 1998. 

Eggs Laid Eggs Hatched 

Year 2 3 4 O 1 2 3 4 Nests with Iess than 
four eggs (%) 



Year 

Figure 3.2 - Percentage of Semipalmated Plover nests that were depredated at Churchill, 

Manitoba fi-om 1993-1998. 



M e r  excluding nests that failed to hatch any egg,s, significant annual variation in 

number of eggs hatched per successful nest remained (Kruskal-Wallis: %'=37.02, dP6, 

PcO.001) (Table 3.1). Hatchabïiity was lowest in 1998 (80.2%) and 1992 (86.4%) when 

many Semipalmated Plover pairs failed to hatch their entire clutch (Table 3 -2). In al1 

other years egg hatching success was relatively high (range: 89.1% to 97.8%) and most 

successful pairs hatched a complete clutch (Table 3.1, 3.2). 

FLEDGING SUCCESS AND PRE-FLEDGLING SURVWAL 

From 1995-1998, there was no detectable annual variation in number of chicks 

fledged per nesting attempt k2=1 -75, d p 3 ,  W . 6 3 )  or number of chicks fledged per 

brood (Kruskal-Wallis: 2=3.6,  dp3,  -0.3 1) (Table 3.1). On average, Semipalmated 

Plovers produced 0.92 fledglingslnesting attempt (N=141) and 1.74 fledglingshrood 

(N=74). Most pairs fledged one or two young, and few pairs fledged four young (Table 

3.3). Of the pairs that hatched young, 7% subsequently lost their entire brood, 36% 

fledged one young, 29% fledged two young, and only 9% fledged four young (Table 3.3). 

EFFECT OF BREEDING EXPERIENCE ON REPRODUCTIVE SUCCESS 

Clutch hatching success. - The effect of breeding experience on clutch hatching 

success varied among years (Table 3.4). There was a significant year by experience 

interaction (Kruskal-Wallis: X2=30.94, df-12, PcO.OL), so each year was analyzed 

separately. In 1994 and 1995, there was no detectable difference in clutch hatching 

success among pairs of different experience levels (1 994: X2=0.7, dP3,  P=0.86; 1 995 : 

x2=2.3, dP3,  e0 .51) .  



Table 3.3 - Number of Semipalmated Plover pairs 

nestin; around Churchill, Manitoba that fledged 0, 

1 , 2 , 3  and 4 young Eom 1995-1998. Only pairs that 

successfully hatched their clutch were included. 

Number of fledged young 

Year O 1 2 3 4 



Table 3.4 - Percentage of Semipalmated Plover pairs of different experience LeveIs 

at Churchill, Manitoba that hatched O, 1 ,2 ,3 ,  and 4 eggs fiom 1994-1998. 

Eggs Hatched 

Experience Level O I 2 3 4 1V P 

1994 

inexperienced 

female exp erience 

male experience 

experienced 

1995 

inexpenenced 

fernale experience 

male expenence 

exp erienc ed 

1996 

inercperienced 

female experience 

male experience 

expenenced 

1997 

inexperienced 

female experience 

male experience 

experienced 

1998 

inexpenenced 

female experience 

male expenence 

experienced 



Experience was nearly significant in 1996 and 1997 (1996: X2=7.3, dP3, e 0 . 0 6 ;  1997: 

X2=7.6, dp3,  P=0.06), and was significant in 1998 (X2=20.07 dp3,  P<O.OOl). In 1996 

and 1998, experienced pairs had higher clutch hatching success than dÏd birds of other 

experience levels, but in 1997 the opposite trend occurred. In 1996, al1 experienced pairs 

hatched at least two eggs and in 1998, all experienced pairs hatched at least three eggs. 

In 1997, however, experienced pairs had higher levels of nest failiire than did birds of 

other experience levels. 

Fledging sziccess. - Because there was no si@cant annual variation in fled,sing 

success, data fiom al1 years (1 995-1998) were combined for analysis. F l e d a ~ g  success 

varied significantly among pairs of different experience levels (x2=10.417 dF3, Pc0.05) 

(Table 3.5). Experienced pairs, and experienced male pairs were less likely to fledge no 

youn,o and more likely to fledge three young than were experienced female pairs and 

inexperienced pairs. Only 36% of inexperienced pairs and 38% of fernale experienced 

pairs fledged at least one young, whereas 52% of experienced male pairs and 56% of 

experienced pairs fiedged at least one young. There were no apparent differences in 

fledging success between inexperienced pairs and experienced femaIe pairs (Table 3.5). 

EFFECT OF EXPERIENCE ON LAYING DATE 

There was no difference in nesting dates among birds of different experience 

levels (ANOVA, F3,182=1 -46, -0.22). Mean standardized DOC was +0.002k0.003 for 

inexperienced pairs, +0.008+0.007 for female expenenced pairs, -0.005+0.003 for 

experienced male pairs and -O.OOî3~O.OO3 5 for expenenced pairs. 



Table 3.5 - Percentage of Semipalrnated Plover pairs of dif5erent experience levels 

at Churchill, Manitoba that fledged 0, 1, 2, 3 and 4 young nom 1995-1998. Sample 

sizes for each experience level are shown in parentheses. 

Experience Level O L 2 3 4 

inexperienced (50) 64.0 24.0 10.0 2.0 O 

experienced female (1 1) 63.6 18.2 9.1 O 9.1 

experienced male (40) 47.5 27.5 10.0 15.0 O 

experienced (3 4) 44.1 20.6 11.8 14.7 8.8 



CLUTCH SIZE AND HATCHING SUCCESS 

Clutch size. - Shorebirds may forego breeding when environmental conditions on 

the breeding grounds are unfavourable, but rarely reduce their clutch size. Kowever, 

among Semipalmated Sandpip ers (Calidris pusiZZa) breeding at Nome, Alaska, reductions 

in clutch size are fairly cornmon (Sandercock et ai. 1999). The proportion of 

SemipaImated Samipiper nests with fe-rver than four eggs ranged kom 8 to 34% over four 

years. Semipalmated Sandpiper clutch size also declined seasonally; nests with a reduced 

number of eggs were Ztiated later in the season than were nests with four eggs 

(Sandercock et al. 1999). A reduction in mean clutch size of Long-billed Curlews 

(Numenitlsphaeopus) occurred during one breeding season in Idaho, and rnay have been 

a response to decreased habitat quality (Redrnond and Jenni 1986). hcreased density of 

vegetation forced curlews to travel greater distances in search of food and as a result 

females rnay have been unable tu acquire sufficient nutrients to lay a full clutch. 

Similarly, in response to colder than average temperatures in 1992, Semipalmated Plover 

clutch size was reduced. Because birds require more food d h g  cold temperatures and 

invertebrate prey rnay be less available when temperatures drop (Pienkowski 19 83), 

female Semipalmated PIovers may have been unable to acquire sufficient energy to lay 

four eggs (Nol et al. 1997). Clutch size was also reduced in 1997 and 1998, but the effect 

was Zess pronounced than in 1992. In 1992,24% of nests contained less than four eggs, 

whereas ody  15% of nests in 1997 and 10% of nests in 1998 contained a reduced clutch. 

Although it is possible that partial predation may have caused the observed reduction in 



clutch size, if thîs were me, partial nest loss would be expected in d l  years. 

Furthemore, no eggs were lost fiom nests that were monitored durhg Iaying. 

Reductions in shorebird clutch size have been oniy rarely reported, but my results 

suggest that clutch size of shorebirds rnay not be k e d ,  and that reductions occasionally 

occur. Large reductions in Sernipalmated Plover clutch size likely occur only when 

environmental conditions are particularly unfavourable, but smaller reductions (e.g., 1997 

and 1998) rnay reflect individual variation in female physical condition. Some females in 

the population, such as younger individuals or inefficient foragers, may be in poor 

physical condition and thus unable to lay a four-e,og clutch. 

Egg hatching success. - Hatchability of shorebird nests is typically hi& (close to 

100%) (Evans and Pienkowski 1984), but hatchability of Semipalmated Plover nests were 

lower than those reported for other shorebirds. For example, egg hatching success of 

Snowy Plovers in California was 95% over six years (Warriner et al. l986), and similar 

rates were reported for Ringed Plovers (Charadrius hiaticuh) (92-96%) (Evans and 

Pienkowski 1 984), Do tterel (Charadrius rnorinellus) (95%) (Pulliainen 1 WO), and 

Eurasian Golden Plovers (Pluvialis apricanà ) (96%) (Ratcliffe 1976). In most years, 

hatchability of Sernipalmated Plover nests was hi$, but in 1992 and l998, egg hatching 

success was only 82% and 80% respectively. In 1992, some pairs abandoned eggs with 

fully developed chicks at hatch, perhaps as a forrn of brood reduction to cope with cold 

temp eratures (Nol et al. 1 997). When conditions are unfavourable, fernales may neglect 

eggs during incirbation and/or abandon them at hatch so that brood size will be reduced 

(Nol et al. 1997). Larger broods require greater parental investment in the fonn of more 



tirne spent brooding chicks, and during harsh weather conditions, females may be unable 

to meet energy demands of the brood (Nol et al. 1997). 

In 1998, however, environmental conditions on the breeding grounds appeared 

normal, and yet many Semipalmated Plovers failed to hatch an entire clutch. Clutch size, 

hatchability and local sunival rates (Chapter 2) were al1 lower than average in 1998. I 

hypothesize that the El Nino Southem Oscillation event in the *ter of 1997-1 998 may 

have negatively a e c t e d  Sernipalmated Plovers on their wintering andor  staging 

grounds. As a result, fewer birds sw ived  and breeding female plovers were in poor 

condition and thus unable to incubate and rear four young (Chap ter 2).  

Clutch hatching success. - Clutch hatchuig success varies considerably among 

shorebird species, and within a species varies among habitats and years (Evans and 

Pienkowski 1984). In some years, coastal nesting shorebirds rnay suffer higher rates of 

nest loss than do inland nesters because of unpredictably hi* hdes (e.g., Ringed Plovers, 

Evans and Pienkowski 1984). In this study, few Semipalmated Plover nests were lost to 

tides because coastal nests are located welI above the hi& tide level and many plovers 

nest inland. Coastal nesting shorebirds aIso may be more vuherable to nest predation, 

because some predators routinely search along the hiph-tide line for nests (Evans and 

Pienkowski 1984). At Churchill, more predators were observed at coastal nest sites than 

at inland nest sites (Sullivan Blanken 1996) and in some years coastal nesting 

Semipalmated Plovers suffered higher rates of nest predation than did inland nesters (E. 

Nol, unpublished data). However, this varies among yean, and there was no consistent 

pattern. 



Semipalmated Plover egg predation rate varied among years and was highest in 

1995 and 1997 (48% and 43% of nests depredated respectively). Potential egg predators 

at Churchill inzlude Ravens (COMIS corax), Antic FOX (Alopex lagopus), and Red Fox 

(Vuples vzdpes) (Nol and Blanken 1999). Herring Gulls (Larus argentatus) and weasels 

(Mustela sp.) are also probable egg predators. Like O ther shorebird species, 

Semipalmated Plover nest predation rates may be correlated with lemming cycles 

(Underhill et al. 1993). Years in which lemming abundance has declined substantially 

£kom the previous year (e.g., 1995), predators may switch to eggs as an altemate prey 

source (see Chapter 2). A full understanding of this relationship needs to wait for more 

years of data. 

Clutch hatching success estimates reported in this study rnay be innated because 

nests that failed early in the season prior to being found were not included in calculations 

(Mafield 1961). 1 beiïeve that the number of undiscovered nests was small because the 

study area was thoroughly searched and few non-breeders were seen in the area. 

However, there were likely a few nests that were depredated before being discovered. 

Warriner and Paton (1995) found that observed clutch hatching success of Snowy PIovers 

was on average, 1.6 times higher than rates calculated fkom Mayfield's method, but 1 do 

not know if researchers searched for nests early in the incubation period. In friture 

studies, Mayfïeld's method (Mayfield 196 1) should be used to determine if observed 

hatching success is over-estimating true hatching success. 

Semipalmated Plover hatching success was comparable to that of several 

temperate-nesting plover species. Mountain Plover hatching success (Charadrius 

montanus) (2.1-2.7 eggs hatched per nesting attempt) (Knopf 1996) is similar to that of 



Semipalmated Plovers, whereas hatching success estimates reported for Wilson's Plover 

(Charudtius wilsonia) (25- 4596, Bergstrom 1988), Piping PIover (Charadius meludus) 

(41 -42%, Prindiville-Gaines and Ryan 1 9 8 8)' and Snowy Plover (Charadrius 

alexandrinus) ((x=47%, range: 13-69%' W*er and Paton 1995) are lower than that of 

S emipalmated Plovers. Spur-winged P lovers (Vanellus spinosus) nesting in agricultural 

areas in Israel have slightly higher hatching success than do Semipalmated Plovers 

(TI S.E.= 86.4-r21.2%) (Yogev et al. 1996). Temperate nesting shorebirds (e-g., Snowy, 

Wilson's, Piping plovers) typ ically have lo wer hatching success than do arctic nesting 

species (Evans and Pienkowsi 1984)' because of a greater variety ofegg predators at 

temperate latitudes and because their nests may be more susceptible to human 

disturbance. 

Pre-fledaing survival is one of the most difficult shorebird reproductive 
a 

parameters to measure, so fledgïng success estimates were available for only a few 

species. In this study, observed fiedging success rnay underestirnate true Semipalmated 

Plover fled,@ng success because pairs that fledged an unlmown number of chicks were 

excluded fiom calculations. 

Semipalmated Plover parental duties include brooding chicks, defending against 

predators and conspecifics, and leading chicks to feeding areas (Nol and Blanken 1999). 

Shorebird mortality is highest duing the first few weeks of life because chicks must 

forage independently immediately after hatch (Evans and Pienkowsi 1984). Their 

thermoregulatory ability is poorly developed and thus chicks depend almost ent-kely on 



their parents for warmth (Grant 1991). Among Ringed Plovers, 53% of all chick 

mortality occurred in the fïrst week after hatching, and 95% before chicks were two 

weeks old (Pienkowski 1984). Similady, more than 80% of Whimbrel (Numenius 

phaeoprts) chick mortality occurred within 14 days of hatch (Grant 1991). 

Probable causes of Semipalmated Plover chick mortality include predation, 

starvation, exposure, drowning, and trampling. At Churchill, long day length and an 

apparent abundance of foraging areas make it unlikely that many chicks die of starvation. 

However, death due to starvation may be more prevalent when weather conditions at 

hatch are severe (e-g., heavy rain, strong wind, cold temperatures) (Evans and 

Pienkowski 1984). Although the depredation of a Semipalmated Plover chick has never 

been observed, it is likely that foxes, gulls and other aerial predators prey upon chicks. 

Semipalmated Plovers nesting in disturbed areas at Churchill may also die fkom 

trarnplin,o by humans and vehicles. 

Semipalmated Plover fledging success is comparable to that of three other plover 

species. Piping Plover fledging success in the Atlantic region of the United States ranged 

fkom 0.97 to 1 -69 fledglings per pair (USFWS 1 W6), Snowy PIovers fledged an average 

of 1.6 fledglings per successful brood (Warriner and Paton 1995), and survival of Ringed 

Plovers fÏom hatch to fledge in Greenland varied fÏom 40-60% (Pienkowski 1984)- 

Fledging success estimates for other shorebird species (cg., Long-billed Curlew, 

Whimbrel, Semipalmated Sandpiper are also similar to or slightly lower than that of 

Semipalmated Plovers (Redmond and Jenni 1986, Grant 199 1, Gratto-Trevor 1992). 



DOES BREEDING EXFERKENCE INFLUENCE REPRODUCTIVE: SUCCESS? 

Hatch ing success - Parental breeding expenence did no t explain ciifferences in 

Sernipaimated Plover hatching success. 1 predicted that expenenced birds would hatch 

more eggs than would first-time breeders, but th% occurred only in 1996 and 1998. In al1 

other years there was no detectable difference in hatching rsuccess arnong birds of 

different expenence levels, and in 1997 hatching success of experienced and male 

experienced pairs was lower than that of female expenencmed and inexpenenced pairs. 

Breeding experience also had little effect on Semipalmateai Sandpiper hatching success 

(Hitchcock and Gratto-Trevor 1 997). In some years, expexïenced female S emipalmated 

Sandpipers at La Pérouse Bay hatched more eggs than d i h  inexpenenced birds while in 

other years there was no expenence effect. 

I hypothesized that experienced pairs would be berner than would inexpenenced 

pairs at defending nests against predators. Like most shorebirds, Semipalmated Plovers 

rely on camouflage, andor injury feigning to avoid predation. During incubation, parents 

typically respond to predators by m g  off the nest and then either flying away or 

standing far fiom the nest (Nol and Blanken 1999). Once away from the nest, the parent 

will stand quietly, cal1 loudly, or occasionally feign injury. My results suggest that these 

predation avoidance strategies are innate, and do not impriove with breeding experience. 

Other factors such as habitat (Prindiville-Gaines and Ryan l988), nest site characteristics 

(Page et al. 1985), or nesting density (Page et al. 1983) prebably have a greater infiuence 

on Semipahated Plover hatching success. 

FZedging success - Unlike hatching success, f l edg in~  success improved with 

breeding experience, although this varied between the sexes. Male reproductive success 



improved with experience but female success did not. Pain with an experienced male 

fledged more chicks than did either inexperienced or female experience pairs. Female 

Semipalmated Plovers remain with the brood for approximately 15 days after hatch (and 

sometimes less) whereas males stay with the brood until fledging (Nol and Blanken 

1999). So, it follows uiat male breeding experience has a greater influence cn 

Semipalmated PIover fledging success. 

The Kentish Plover (Charadnus aZexandnkzis) is unusual among plovers in that 

either sex deserts, leaving the remaining parent to care for the brood alone (Székely 

1996). By expenmentally removing one parent, Székely (1996) found that male tended- 

broods had higher survival rates than did female-tended broods because male parents 

were better able to protect the brood f?om attacks by conspecifics and predators. Males 

of some other plover species (e-g., Kllldeer (Charadrizrs vociferzrs) and Golden Plover 

(Pluvialis apricauia)) also protect young more intensively than do fernales (Byrkjedal 

1987, Brunton 1990). Male Killdeer perform more intensive distraction displays and 

approach predators more closely than do females (Brunton 19901, and male Kentish 

Plovers are more successful than are females in keeping conspecifics away from the 

brood (Székely 1996). Although there are few sexual differences in Semipalmated 

Plover parental behaviour, male plovers fly and vocalize more than do females (SulTivan 

Blanken and Nol 1998). Flying and vocalizing more fiequently may indicate that, like 

other plovers, male Semipalmated Plovers ward off potential predators more actively than 

do females. 

An increase in reproductive success with breeding experience has been 

demonstrated for two other shorebird species. Spotted Sandpipers are polyandrous with 



reversed sex roles (Oring et al. 1997). Females mate with up to four males, and the male 

is SIpically lefi to care for the cIutch and brood alone (Oring et al. 1997). Female 

polyandrous Spotted Sandpipers with pnor breeding experience acquire more mates, lay 

and hatch more eggs, and fledge more young than do inexperienced females (Oring et al. 

1983). Hatching and fledging success of male Spotted Sandpipers does not differ 

between experienced and inexperienced birds (Oring et al. 1983), which is surprising 

because the male provides al1 or rnost of the parental care (Oring et al. 1983). Breedinj 

success of female Redshanks (male success was not measured) is also related to breeding 

experience but contrary to my kdings,  experienced female Redshanks had hipher 

hatching success than did inexperienced females (Tnompson and Hale 1 9 8 9). 

Natal philopatry for Semipalmated Plovers at Churchill is one of the lowest rates 

reported for shorebirds (e% of chicks banded as young return to breed, Flynn et al. 

1999), and adu1t Semipalrnated Plovers cannot be aged by plumage. Consequently, the 

age of most breeders was unknown. To test the independent effects of age on 

reproductive success, it is necessary to compare reproductive success of first-time 

breeders of different chronological ages (e.g., Wooler et a1.1990). This analysis was not 

possible for Semipalmated Plovers because of the srnall number of hown-age birds. 

Thus, 1 was unable to separately examine the effects of age and breeding experience on 

reproductive success. 

It is Likely that both age and breeding experience influence Semipalmated Plover 

reproductive success. For some species, reproductive success increases with age because 

older birds lay larger and/or more eggs than do younger birds (Hamer and Furness 199 1, 

Croxall et al. 1992, Desrochers and Magrath 1993). There is little variation in 



Semipalmated Plover egg size and clutch size (Nol et al. 1997, this study) and hatching 

success is not aEected by age or experience (this study). So, in this study, pre-fledging 

survival is the only reproductive parameter influenced by age a d o r  breeding expenence. 

Age-related increases in reproductive success have been attributed to 

improvements in skills such as foraging efficiency and predation avoidance (Nol and 

Smith 1987). Improvements in foraging efficiency of adults would not benefit precocial 

Semipalmated Plover young, however, improvements in predation avoidance and 

intraspecific cornpetition may result in older birds fledging more young. Experienced 

male Semipalmated Plovers rnay be more efficient at protecting young fiom predators 

and conspecifics and better able to locate predator 'safe' foraging areas. These skills rnay 

be age-relate4 but 1 hypothesize that they are more likely due to howledge accrued fiom 

pnor breeding attempts. 

One of the pre-requisites of the residual reproductive values hypothesis is that the 

proportion of adults that survive to breed again declines with age (Smith and Nol 1987). 

Semipalmated Plover sunival rates are not age-related (Chapter 2), thus older 

Semipalmated PIovers do not need to uicrease their reproductive output. This hypothesis 

may be more relevant to long-lived birds ( e g ,  seabirds) whose sunrival rates deciine 

with increasing breeding experience (Wooler et al. 1990). 

The selection hypothesis, on the other hand may partly explain why reproductive 

success improved with breeding expenence. Local survival of Semipalmated Plovers at 

Churchill is correlated with hatching success. Years in which Semipalmated Plovers 

experience hi& hatching success on the breeding grounds correspond to years with hi& 

survival probabilities (Chapter 2). Birds that fail to hatch any eggs may suffer high 



mortality rates or pexmanently emigrate form the study area So, it is possible that 

experienced pairs have higher apparent reproductive success because there are fewer 

'poor' breeders in the population. Further investigation into the role of breeding 

expenence and age on Semipalmated Plover reproductive success is needed. 



A DEMOGRAPHIC MATRIX MODEL FOR S E M I P A L ~ T E D  PLOVERS (C&IIRADRIUS 

SEMZPALMATUS) BREEDING AT C AURCHILL, MANITOBA. 

A matrhc population model was constmcted using dernographic data f?om an 

intensively monitored breeding population of Semipalmated Plovers (Charadrius 

semipnlmattcs) at Churchill, Manitoba fiom 1992-1998. A simple, detemiinistic, density- 

independent model was used, and due to the limitations of this model, it should be 

considered a starting point for future, more sophisticated demographic analyses. The 

growth rate of the population was X=0.846&0.046 which is significantly different firom 

that of a stable population (Le, k=1 .O). The model predicted a population decline of more 

than 15% per year, but annual population censuses showed no change in population size. 

The poor predictive ability of the model was likely due to high rates of immigration. The 

number of birds entering the population each year appeared to greatly exceed the number 

of birds emigrating. Sensitivity analyses revealed that population growth rate was most 

sensitive to changes in adult suIvival, juvenile post-fledging survival and pre-fledging 

survival. Despite an observed stable population, rates of sumival and fecundity were 

insufficient to maintain the population, and the Churchill Semipalmated Plover 

population is reliant on an influx of birds eom other populations. Therefore, changes in 

the demography of breeding populations in surrounding regions will also affect the 

Churchill population. Results of this model have important implications for shorebird 

conservation. 



S horebirds have low reproductive rates and high adult survivorship, rendering 

them susceptible to population declines (Evans and Pienkowsk 1984, Myers et al. 1987, 

Evans 199 1, Hitchcock and Gratto-Trevor 1997). For many bird species, including 

shorebirds, adult survival probability is the demographic parameter to which the 

population growth rate is most sensitive (Lebreton and Colbert 1991, Hitchcock and 

Gratto-Trevor 1997). Only a very small change in adult survival probability can cause a 

stable population to decline ~ t c h c o c k  and Gratto-Trevor 1997). The combination of 

low annual reproductive output and hi& annual survival has important conservation 

implications because of the tendency for shorebirds to congregate in small geographic 

areas during migration and in winter (Myers et al. 1987). A large proportion of a species' 

population can be found at a single staging axa  (Myers et al. 1987), and as a result of 

human development, many of the sites used by shorebirds have been lost, severely 

diminished in size or othenvise degraded, which has the potential to decrease adult 

survival and consequently popuIation size (Myers et al. 1987, Skagen and Knopf 1993, 

M O ~ S O ~  et al. 1994). 

Three of nine Nearctic plover species (Piping Plover (Charadnlus rnelodus), 

Mountain Plover (Charadrius rnontanza) and Snowy Plover (Charadrius alexandrinus)) 

are species of concern (designated as endangered or threatened) (Haig 1992, Warriner 

and Paton 1995, Knopf 1 W6), and two more (Killdeer (Charadrius vocifencs) and Black- 

bellied Plover (Pluvialis squatarola)) are in decline (Sauer et al. 1999, Momson et al. 

19%). Population trend estimates for Lesser Golden-Plover (Pluvialis dominica), and 

America. Golden-Plover (PluvialisfùZvu) akhough uncertain, also show signs of decline 



(Johnson and Connors 1996). Semipalmated Plover (Charad* semipalmatur) is the 

only plover species whose numbers appear to be increasing (Nol and Blanken 1999). 

This population increase could be due to this species' versatility in food and habitat 

choice, its widespread coastal winter distribution or its habitat expansion in the sub-arctic 

(Nol and Blanken 1999). In sub-arctic regions of Canada, the availability of habitat for 

Semipalmated Plovers may be increasing due to the degradation of coastal marshes by 

burgeoning populations of arctic-nesting geese (Abraham and l e s e s  1997). 

Semipalmated Plovers use the open degraded habitat that is created by over-gazing and 

over-gnibbing of the geese (Abraham and J e E e s  1997), although the degree to which 

this habitat is used is presently unknown. 

Our ability to assess change in arctic shorebird populations is limited due to the 

remoteness and inaccessibility of breeding grounds, so few long-tenn studies have 

examined breeding populations of shorebirds (Page and Gill 1994). An examination of 

demographic parameters can provide insight into factors that limit a species population 

size and make it possible to describe and understand the population dynamics goveming 

a species (Lebreton and Clobert 199 1). With a basic understanding of a species' life 

history, matrix rnodels can be used to assess the relative impact of varying rates of 

survival, mortality and fecundity in a population. 

A breeding population of Semipalmated Plovers at Churchill, Manitoba has been 

intensively monitored since 1992, and unlike other shorebird populations nesting in the 

Hudson Bay lowlands (e.g., Semipalmated Sandpipers, Hitchcock and Gratto-Trevor 

1997) has s h o w  no signs of decline. This long-tem dataset created a unique 

opportunîty to investigate the demography of a stable shorebird population. In this paper, 



1 use demographic data for Semipahated Plovers at Churchill, Manitoba to develop a 

stnictured mat& population model. Using a simple, detenninistic, density-independent 

approach, 1 calculate the geomeiric growth rate (lambda, h) of the population, its standard 

error, and the sensitivïty of lambda to changes in demographic parameters. 

S urvival and reproductive success of a colour-marked population of 

Semipalmated Plovers at Churchill, Manitoba was studied fiom 1992-1998 (Chapters 2 

and 3). Al1 areas with suitable nesting habitat that were accessible by road were searched 

with equal effort eorn 1993 to 1997. No vehicle was available in 1992, so the entire 

study area was not thoroughly searched- This resulted in low banding effort and no 

accurate estimation of population size. Semipalmated Plovers are determinate layers, 

clutches containing more than four eggs have never been found, However, females 

occasionally lay less than four eggs. Semipalmated Plover nests consist of a small scrape 

on the gound- Nests were located by walking through the study area and sighting adults 

perfomiing distraction displays, or by obsening foraa*g adults fly to the nest site. Al1 

suitable nesting habitats were searched at least twice in June of each year. 

Most nests (90%) were located during incubation, so eggs were measured and 

weighed to estimate hatch date based on a regession between the index of specific 

gravity and the ratio of mass to volume (Flynn 1997). To reduce probability of nest 

predation, nest locations were either marked at a distance with natural material such as 

rock cairns and wood or were mapped. Nests were subsequently monitored every two to 



four days to determine their fate. To reduce disturbing incubating adults, nests were 

observed fiom a distance with a spotting scope. Clutches that disappeared between visits 

were assunied depredated unless another cause was apparent (e.g., destroyed by tides, 

trampled by humans, other animals, or rnotor vehicles). Just prior to estimated hatch 

date, nests were visited at least daily to check for pipped eggs. Once eggs are pipped, 

hatching usually occurs within 12 hours, but can take up to four days (Sutton and 

Pannelee 1955). The date at which a complete clutch was laid and incubation began for 

nests that were located during incubation was detemiined by subtracting 24 days (mean 

length of incubation) fiom hatch date. 

PRE-FLEDGING SURVIVAL 

Survival of Semipalmated Plover chicks fiom hatch to fledging was monitored for 

four years (1995-1998). Parents lead the chicks away £?om the nest within 24 hours of 

hatching to forage on the mudflats along Hudson's Bay or at inland ponds, so these areas 

were searched extensively to locate farnily groups. To minimize disturbance, families 

were observed £tom a distance with a spotting scope. Family groups were observed 

every 3-4 days to deterrnine the nurnber of chicks present. Semipalmated Plover chicks 

are difficult to locate because they are cryptically coloured, and crouch down in response 

to alarm calling parents. To avoid underestimating fled,oing success by including chicks 

that were missed during an observation period but were actually still alive, 1 only 

included family groups in vJhich the sarne number of chicks was recorded on multiple 

occasions. Furthermore, if both parents were obsewed without chicks, and exhibited no 

parental behaviour (Le. alarm calls, distraction displays) on more than one occasion, the 

chicks were assumed to be dead. Male Semipalmated Plovers remain with the brood 



until fledging, whereas fernales leave at approximately 15 days after hatch planken and 

Nol 1999). Semipalmated Plovers are capable of flight at 21-24 days (E. Nol pers. 

comrn), so, for this study, 1 defined pre-fledging survival as survival to 21 days. 

During incubation, adults were nest-trapped with either a Potter trap or a wak-in 

keyhole nest trap. The circular walk-in nest trap was constructed fiom hardware clo th 

with a net top made of either cotton or nylon netting. The square Potter trap was made of 

2 mm wire and had a treadle placed over the nestcup that triggered a drop door. To 

prevent the possibility of nest desertion, birds were not trapped early in the incubation 

period. Traps were continuously rnonitored so that birds were removed immediately 

upon entering, and traps were removed if the adult did not r e m  within 20 minutes. 

Adult birds were leg-banded with unique combinations of an aluminium Canadian 

Wildlife Senice (CWS) band and 1-3 coloured plastic bands (Size XCL, A.C. Hughes 

Ltd.). Dunng hatch, chicks were caught by hand and each was banded with an 

aluminium CWS band and a brood-specific combination of coloured plastic leg bands. 

Most nestlings were banded one or two days after hatch. Adult plovers were sexed on the 

basis of plumage colouration (Teather and Nol 1997) whereas nestlings could not be 

sexed by plumage. 

Every 17ear, a small number of birds were not banded, either because their nest 

was depredated before they could be tnpped or because we were unable to trap certain 

'wary' birds. The proportion of unbanded adult birds in the population was small every 

year (1993- 199 8, mean unbanded birds in population = 12%). 



Survival rates were estimated ficorn resightings of colour-marked birds. During 

each breeding season, colour-banded Semipalmated Plovers were resighted in the field by 

either having their unique colour-band combination identified with a spotting scope or 

being recaptured on the nest. Occasionally, birds were resighted on coastal mudflats and 

inland ponds but no nest was found. K a  colour band was lost, the individual was 

recaptured, identified by its CWS band and the colour bands were replaced. Colour-band 

loss was infirequent (6% of birds), and the majoriw of the individuals that lost colour- 

bands (>95%) were subsequently re-banded, so local sumival estimates were not likely 

biased by band loss. 

~~PLTRIX POPULATION MODEL 

To rnodel the growth rate of the Semipalmated Plover population, 1 incorporated 

fecundity and swival  estimates into a stmctured matrix population model. To avoid 

errors in rounding numbers off, and because some values were very similar in magnitude, 

in this paper, 1 presented al1 values Mth five signifiant fiawes. To simplify analysis of 

the population's sensitivity to variations in demographic parameters, 1 used a 

deterrainistic, density-independent model. Because of the simplicity of the model and the 

uncertaulty associated with several parameter estimates, 1 did not forecast long-term 

population trends. A modified Leslie ma& was used to describe the dynarnics of fernale 

Semipalmated Plovers only. I divided the fernale population into three age classes: one 

year olds, two year olds, and birds three years of age and older (3+). A three-age class 

model was necessary because many females appear to delay breeding until three years of 



age (Flynn et. al. 1999), thus breeding propensity differs among age classes. A Life-cycle 

graph describing the structure of the model is shown in Figure 4.1. 

The growth of a population h m  t h e  t to t ime t+l was represented by the 

foilowing equation: 

where A is a population projection rnatrix with elements a, that describe changes in 

population size due to mortaiity and reproduction (GotelLi 1995). For a three age class 

model, the matrix takes the form: 

In a Leslie matrix, fertilities (Fi) are always in the fkst row, and survival probabilities (si) 

on the subdiagonal. The Fi values represent the nurnber of female offspring produced by 

an individual in age class i, and the si values are m u a l  sunival probabilities for birds in 

age class i. N, is the population projection vector; where each element ni(t) indicates the 

number of birds in age class i in year t and the total population size in year t is equal to 

the surn of elements ni ( t )  ~ t c h c o c k  and Gratto-Trevor 1997). 



Figure 4.1 - Life-cycle graph for Sernipalmated Plover stage-structured matrix 

population model- The mode1 is a pre-breeding census, with three age classes (stages), 

and includes females only. The first age class consists of one-year old birds that hatched 

the previous year. The other two age classes are two-year old birds and birds three years 

of age and older (3+). Arrows denote transitions fiom one stage to mother. The Si are 

sunival rates fiom stage i to stage i+l. The Fi are the average number of one-year old 

birds in year t+l produced by each fernale in year r. This figure was modified frorn 

Hitchcock and Gratto-Trevor (1 997). 



Because 1 used a pre-breeding census model, the Fi values are affected both by the 

number of chicks hatched per female and first-year mortality (so) (Hitchcock and Gratto- 

Trevor 1997, Caswell 1989). The folIowing formula was used to calculate Fi: 

Prbreedi is the probability of breeding at age i (breeding propensity), nhatchi is the 

number of eggs hatched per nest b y a female in age class i, sh,f is pre-fledghg survival 

rate, and so is the probability of suMving fiom fledging to one year of age (juvenile 

survival). The equation was multiplied by 0.5 because 1 assumed an equal sex ratio, so 

only half of the hatched young will be female. 

AduZt szrrvival (sl, sz s3+). Adult survivai rates were estimated Eom resightings of 

152 colour-banded female Semipalmated Plovers fkom 1993-1998. Birds banded as 

nestlings were inciuded in survival analyses when first observed as breeding adults. 

Sumival analysis involved a two-step process following methodology outlined in 

Lebreton et al. (1992). RELEASE was first used to assess goodness-of-fit (GOF) to a 

Cormack-Jolly-S eber (CJS) model, in which survival and recapnire probabilities vary 

between years (see Chapter 2 for more detail). Once a satisfactory starting model was 

identified, 1 then used SURGE for iterahve rnodel fitting. The model with the lowest 

Aikaike's Information Critenon (AIC = DEV + 2*NP) was selected as the best fitting 

mode1 because MC provides an unbiased criterion for model selection @unihm and 

Anderson 1992, Lebreton et al. 1992, Cooch et al. 1996, Chapter 2).  
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The best fitting female survival model contained constant survival rate over time 

(model: 413 @EV=436.7, NP=2, AIC=440.7). Because female sumival rates are not age 

specific, 1 assumed that sumival rates of one and two year olds were equal to that of older 

bùds (Le., sl = ~ = s ~ + ) .  Local sunival rate for adult female Semipalrnated Plovers (SI, st, 

sg+) obtained Çom model +,,p, was 0.687220 (95% CI=0.60901-0.75605) (Table 4.1). 

Juvenile survival (so). I was unable to estimate juvenile survival rate fiom my 

dataset, because of the small nurnber of natal recruits in the population ( ~ 2 5 6  of 

Semipalmated Plovers banded as chicks returned in subsequent years). Natal philopatry 

is typically low for most shorebird species, so there are few estimates of juvenile 

suMvorship available and most reported estimates are based on retum rates, which tend 

to underestimate local sumival (e-g., Page et al. 1983, Paton 1994, Pienkowski 1984, but 

see Sandercock and Gratto-Trevor 1997). In addition, few studies have rneasured 

fledging success, thus juvenile survivorship estirnates are the product of pre-fledging and 

post-fledging survival. Shorebird rnortality is highest in the firçt week of life, so juvenile 

sumival estirnates that include the pre-fledging period will be considerably Iower than 

will post-fled30ing sumival estimates (Evans and Pienkowski 2984). Juvenile post- 

fledging survival estimates were available for three plover species, and ranged from 65% 

to 87% that of adult conspecifics (Pienkowski 1984, Ryan et al. 1993, Paton 1994, 

USFWS 1996). 

Based on retum rates, juvenile Ringed Plover (Charadrius hiatimla), Snowy 

Plover and Piping Plover sumival rates were 74%, 87% and 65% less than that of adults 

respectively (Rmged Plover: so=0.59, Pienkowski 1984; Snowy Plover: so=0.64, Page et 

al. 1983; Piping Plover: so=0.48, USFWS 1996). 



Table 4.1 - Mean values of female Semipalmated Plover demographic 

parameters used in the matrix popuIation model, sample sizes and 

samp ling variance. 

D emograp hic parameter Mean Variance Sample Size 

Breeding propensity of one 
O O general 

year olds (prbreedi) observations 

Breeding propensiîy of two 
0.20000 0.04000 5 

year olds @rbreed2) 

Breeding propensity of 

h e e  year olds (prbreed3+) 

Number of eggs hatched per 
2.3 1970 O. 18082 269 

fernale (nhatchi) 

Juvenile post-fleda$ng 

survival (a) 

One-year-old survival (s ,) 0.68722 0.00 142 152 

Survival of birds three years 
0.68722 0.00142 

old and older ( ~ 3 ~ )  



Based on these values, 1 estimated that juvenile Semipalmated Plover survival was 76% 

(midpoint of 65% and 87%) that of adults (so=0.52229) (Table 4.1). 1 set the variance in 

juvenile post-fledghg suwival equal to that of adult Semipalmated Plovers (Table 4.1). 

REPRODUCTIVE SUCCESS (Fi) 

Breedingpropensiv @rbreedJ. Breeding propensity of two year olds (prbreedù 

was estimated fiom the smalI number of Semipalmated Plover chicks that hatched on the 

shidy area and returned to breed in subsequent years. One of five natal recruits retumed 

to breed at age two, four retumed at age three, and no birds rehimed to breed in their k t  

year of life. Therefore, 1 estimated that the probability of a Semipalmated Plover 

breeding at age one was zero, and at age two was 0.2 ( U S )  (Table 4.1). 

Breedhg propensity for a female Semipalmated Plover in age class 3+ (prbreed3+) 

was estimated fiom the resighting rate generated 6orn SURGE. Resighting rate is the 

product of detection rate and temporary emigration. A female that temporarily breeds 

elsewhere in a certain year, is not contributing to the local population. In fact, her 

reproductive contribution is equal to that of an individual that retums to the study area 

and fails to breed. Resighting rate provides a good estimate of female breeding 

propensity if detection rate is close to 100% (i.e., every female that breeds is resighted). 

Although search effort was consistently hi& in every year, because of the large study 

area, it is highly unlikeiy that every breeding female was resighted. Therefore, 1 used the 

upper 95% confidence interval for resighting rate as an estirnate of breeding propensity 

Of al1 resighting models tested, the most parsimonious mode1 contained constant 



resighting rate over t h e  (& p,). The maximum likelihood estimate of female resighting 

rate was 0.61099 (95% C.IO.50556-0.70696), thus prbreed3+ was set at 0.70696. 

Hatchingsuccess (nhatchi). The number of eggs hatched per female was not 

influenced b y female age (Chapter 3), so nhatchz was assumed equal to nhatch3+. 

Hatching success was calculated fkom observations o f  269 nesting attempts fiom 1992- 

1998. On average, females hatched 2.32k0.11 eggs per nest, but number of eggs hatched 

per nest showed significant annual variation (Kruskal-Wallis: X2=1 8.23, df=6, P ~ 0 . 0 1 ) ~  

ran,aing fiom 1.83k0.24 eggshest in 1997 to 2.98-0-26 eggshest in 1994 (Chapter 3, 

Table 3.1). 

Pre-fledging survival (sh+). The probability of survival fYom hatch to fledge was 

calculated fiorn observations of 74 Semipalmated Plover broods Eom 1995- 1998. There 

was no detectable annual variation in number of chicks fiedged per brood (Kmskal- 

Wallis: X'=3.6, df-3, -0.3 l), and fledging success was not idluenced by female age 

(Chapter 3, Tables 3.1 and 3 -5). On average, Semipalmated Plovers fledged 1.74kO. 14 

fledslings per brood, and pre-fledging survival was 0.527+0.089% (Table 4.1). 

IMMIC;RATION 

L k e  most shorebird species, adult Semipalmated Plover site fidelity is high, but 

£éw young birds r e m  to their natal sites to breed. Thus, immigration can have an 

irnpcrtant influence on local population dynamics of shorebirds. Each year, rnost adult 

and young Semipalmated Plovers were banded, so the number of newly banded adults 

was used to estimate annual unmigration rates. A srnall number of birds were banded in 

1992, but intensive banding efforts began only in 1993. In early years most females were 



newly banded and would thus be classified as immigrants. So, to avoid over-estimating 

immigration, only data fiom 1995-1998 were used. 

POPULATION GROWTH RATE AND SENSITIMTY ANALYSIS 

The dominant eigenvalue (h) of matrix A defines popdation growth rate in the 

absence of immigration. When h < 1, the population is decreasing, when h = 1 the 

population is stable, and when h > 1 the population is growing. The per capita rate of 

increase (r) gives the change in population size per individual per unit time, and is equal 

to the natural log of  h (r = hh). 

The ris# eigenvector of matrix A describes the stable age distribution (w) of the 

population. The elements ~ v i  of the right eigenvector give the proportion of the 

population in age class i once enough t h e  has passed that fluctuations due to initia1 

conditions have ended (McDonald and Caswell 1993). Any initial population a,ae 

structure projected fonvard will eventually approach the stable age distribution, usually 

within a few generations (Crouse et al, 1987, McDonald and Caswell 1993). The left 

eigenvector (v) is the reproductive value vector. Elements vjof the reproductive vector 

represent the total number of progeny that an individual in age class i is expected to 

produce, including not only immediate offspring but al1 future descendents of that 

individual @uraoman et al. 1993). 



Sensitivity analysis provides an indication of which demographic parameter (i-e. 

matrix element) has the largest impact on population growth rate (Lande 1988, Hiraldo et 

al. 1996). A large sençitivity value indicates that a relatively small change in the value of 

the corresponding parameter will yield a relatively large change in population growth rate 

(Burgrnan et al. 1993). In addition to furthering our understanding of a species' 

demography, sensitivity analysis has many other usefûl conservation and management 

applications. First, it allows researchers to evaluate the effects of errors in estimation of 

demographic parameters, and to design sarnpling procedures that rnaximize precision of 

estimates with large sensitivities (Caswell 1989). A second use is planning conservation 

and rnanzgement strategies (Caswell 1989, Burgman et al. 1993). By i den t img  the 

demographic p arameter with the greatest influence on lambda, conservation or 

management activities c m  be directed at the appropriate life-stage (Caswell 1989, 

Burgrnan et al. 1993). For rhis reason, sensitivity analysis is often used to evaluate 

strategies to protect endangered species (Simons 1984, Crouse et al. 1987, Lande 1988, 

Heppell et al. 1994, Hiraldo 1996) or to control pest species (Smith and Trout 1994). 

Finally, because the coefficients of a sensitivity matrix are equivalent to selection 

gradients (McDonald and Caswell 1993), sensitivity analysis is commonly used by 

quantitative genetists to predict life-history &ait combinations that should be favored by 

natural selection (Caswell 1989). 

Sensitivity was calculated according to the following equation (Caswell 1989): 



where v and w are the left and rïght eigenvectors of A and (w, v) is the scalar product of 

the vectors. Sensitivity of lambda to changes in lower level parameters (e.g., prbreedi, 

s& was calculated using simple chain rule differentiation where matrix elements (a,) 

are fuactions ofx (Caswell 1989): 

ELASTICITY 

Elasticity analysis was used to assess the proportional contributions of the matrix 

elements to h (Brault and Caswell 1993). Because elasticities s u r n  to one, the relative 

contributions of rnatrix elements (e-g., survival rates and fertilities) can be compared 

(Crouse et al. 1987). Elasticity (eV) was calculated by multiplying the matrix coefficient 

(a,) by its corresponding sensitivity value and dividing it by h (Hitchcock and Gratto- 

Trevor 1997): 

STANDARD ERROR OF h 

There is no simple formula to calculate variance of )c as a function of variances of 

the rnatrix elements, but the following formula approxirnates variance of h (Lande 1988): 



where x represents each of the parameters in the mode1 (si, prbreedi, sh+r, nhatchi), ai is 

the sampling variance of n estimated fiom N, indivîduals in the population and the 

expression in parentheses is the sensitivity (Tables 4.1 and 4.2). The standard error of h 

is equal to the square root of the sampling variance. This formula only approximates 

standard error because it does not consider covariance between sample statistics (Lande 

1988). 

Despite small annual fluctuations in number of breeding pairs, and a population 

increase in 1997, there has been little overaii change in the number of Semipalmated 

Plover pairs at Churchill, Manitoba. The population size showed no signs of increase or 

decrease fiom 1992-1998 (linear regression: d ! 5 ,  F=0.021, P=0.89) (Figure 4.2). 

The following population projection ma& was derived fiom mean values for al1 

demographic parameters: 

According to this projection matrix, the growth rate of the Semipaimated Plover 

population was h=0.84600 and the intrinsic rate of increase was r-O. 16723. 
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Figure 4.2 - Nurnber of female Semipalmated Plovers breeding on the study area at 

Churchill, Manitoba from 1993 to 1998. 



The standard error of lambda (0.0465 1) and the 95% confidence interval 

(0.75484-0.937 17) indicated that lambda was significantly Merent fiom that of a stable 

population ( h 4 )  (Table 4.2). So, without immigration, the Semipalmated Plover 

population would have decreased annually by 15.4% (range: 6.3%-24.6%). The stable 

age distribution (w) and reproductive value (v) vectors were: 

The stable age distribution was dorninated by individuals in age class 3+ (agel : 28.8% 

age 2: 15.2% age 3+: 66-O%), and reproductive values were lowest for one year olds and 

highest for individuah in age class 3-k 

SENSITIVITY AND ELASTICITY ANALYSES 

The sensitivity rnatrix for the Semipalmated Plover population (with only 

sensitivities to non-zero transitions shown) was: 

and the elasticity matrix wax 



Table 4.2 - Sensitivity of h to changes in each demographic 

parameter in the matrix population mode1 and the 

contribution of each parameter to variance of h. Parameters 

are Listed in order of decreasing secsitivity. 

Demograp hic 
parameter S ensitiviîy Contribution to 0; 

Sh+f 

S 1 

s 2  

prbreed3+ 

Nhatch 

prbreeda 

Total (0;) =2.16515~10-~ 



The sensitivity of lambda to changes in lower level parameters is shown in Table 4.2. In 

descending order, h was most sensitive to sumival of birds in age class 3+, juvenile 

survivd, and pre-ffedging survival. SuMval of one and two year olds and probability of 

breeding at age 3+ had very similar sensitiviw values; number of eggs hatched per female 

and probability of breeding at age 2 had the lowest sensitivities (Table 4.2). 

Results of sensitivity and elasticity analyses differed slightly. Fertility of females 

in age class 3+ had the second highest sensitivity coefficient, but had the third ranked 

elasticity value, indicating that a proportional change in fertility will have little impact on 

population growth rate. In the elasticity analysis, sunrival of females in age class 3+ 

remained most important, followed by survival of birds to age one. Proportional changes 

in second year survival and age class 3; fertility had identical impacts on h (e3.? and 

e l , ~ O .  13407). Fertility of two-year-oId females had the smallest proportional impact on 

h (el.--0.00876) because few individuals (20%) in this age class are breeders. 

To further investigate the effects of changes in Iife-history parameters on 

population growth rate, 1 simulated a 25% reduction and a 25% increase in survival and 

fecundity while holding the remaining rnaûix components constant (Figures 4.3a and b). 

As expected fiom the sensitivity analysis, a 25% increase in age class 3+ survival had the 

greatest impact on population growth rate (15.4% increase in h). Twenty-five percent 

changes in age class one survival and age class 3+ fertility had equaliy small effects on 

population growth rate (3.4% and 3.2% change in h respectivelyj. Changes in age class 2 

survival had a slightly weaker impact on h (2.7% change) and age class 2 fertility had 

only a minute impact on h (0.22%). 
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Figure 4.3 - Changes in rate of hcrease (r) resulting i?om a simulated 25% increase (a) 

and a 25% decrease @) in survival and reproductive success of Semipalmated Plovers in 

age class 2 and age class 3. The dashed line indicates the rate of increase for the 

Semipalmated Plover population based on mean demographic parameters (r-O. 16724) 

(Table 4.1). 
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To stabilize the population (to A=l) required a 22% increase in survival (kom 

0.6722 to 0.83841) of individuals in a l l  age classes (.S~,S~,S~+) or a 160% increase in age 2 

and age 3t fertility. Because there was much uncertainty associated with my estimate of 

prbreed2, 1 also investigated the effect of errors in estimation of this parameter on A. 

Setting prbreedt (and thus Ft) equal to prbreed3+ (0.706964) increased h to 0.86638 (a 

2.4% increase). 

Immigration was an important component of Semipalmated Plover demography. 

From 1995-1998, over 50% of the female population was comprised of immigrant 

females (Le., newly banded birds) and in 1996 and 1997,66% of the females were 

immigrants (Table 4.3). 

Drscussro~ 

&mual population censuses showed no change in population size, but, according 

to the model, rates of survival and fecundity were insuEcient to maintain a stable 

population. The model predicted an annual population decline of more than 15%. So, 

why is this mode1 poorly descnbing S emipalmated Plover population dynamics? There 

are two possible explanations. 

First, the main assumption of matrix modelhg m a t  the balance between 

emigration and immigration is zero) may have been violated such that in each year, the 

number of immigrants entering the population was much greater than the number of birds 

ernigrating. 



Table 4.3 - Number of newly banded and previously banded 

female Semipalmated PIovers in the population each year. 

The number of newly banded âdults represents the number of 

immigrant females entering the population that year. 

Year Previously 
banded females 

Newly banded 
females 

Percentage of 
inunigrants in the 
population 



High rates of immigration are a common feature of shorebird populations (e-g., 

Evans and Pienkowski 1984, Hitchcock and Gratto-Trevor 1997) and the Iarge number of 

newly banded female Semipalmated Plovers in the study population each year suggests 

hi& immigration. Therefore it is likely that the negative population growth rate was 

compensâted by immigration. For most shorebird species, birds disperse away e o m  their 

natal site early in Efe, but once settled on a breeding site, typically remain fai-1 to the 

site for rnany years (Hitchcock and Gratto-Trevor 1997). Semipalmated Plovers are no 

exception; addt site fÏdelity is hi&, whereas rates of natal philopatry are among the 

lowest reported for shorebirds (Flynn et al. 1999). Because population growth rate is 

often most sensitive to adult sumival, and permanent emigration and mortality have 

identical effects on local population dynamics, emigration can have a strong influence on 

population demography (Danchin and Momat 1992). Estimates of local survival 

generated from sURGE are the product of hue survival and permanent emigration, but it is 

not possible to determine the relative importance of each factor. Colour-marked 

Churchill Semipalmated Plovers have never been sighted at other breeding sites, so 1 was 

unable to estirnate rates of adult emigration. However, the relative stability of population 

size over tirne suggests that adult emigration is low and is more than compensated by an 

influx of immigrant birds. If emigration rates were high, a population decline would have 

occurred (e-g., Danchin and Momat 1992, Hitchcock and Gratto-Trevor 1997). 

The second possible reason for the discrepancy between observed and calculated 

population growth could be errors in estimation of demographic parameters. I feel 

confident of my annual survival estimates because estimates were based on six years of 

capture-resighting data, resighting rates were hi&, and survival rates were comparable to 



those of other shorebirds (Root et al. 1992, Thompson and Hale 1993, Paton 1994, 

USFWS 1996, InsIey et al. 1997, Warnock et al. 1997, Chapter 2). Similady, eggs 

hatched per fernale and pre-fledging survival were calculated fiom observations of 

breeding birds f?om 1 992-1 998 and 1995-1 998 respectively, thus, sample sizes were 

suificiently large to obtain accurate estimates of these parameters. The main weakness of 

this model, and a cornmon problem of shorebird population studies was a lack of age- 

specific data. Estimates of age at first breeding and breeding propensity of two year olds 

were hîghly uncertain because the five natal recruits from which these parameters were 

estimated may not be representative of  the Semipalmated Plover population as a whole. 

Delayed age at first breeding is fairly uncommon among plovers. Ringed, Snowy, 

Piping, Mountain, Amencan Golden and Pacific Golden plovers al1 breed as one year 

olds (Pienkowski 1984, Haig 1992, W e e r  and ~ a t o n  1995, Knopf 1996, Johnson and 

Comors 1996), but Black-bellied Plover may delay breeding until two or three years of 

age (Paulson 1995). So, although uncommon, it is possible that Semipalmated Plovers 

may also delay breeding. 

A further complication in detemiining age at first breeding was the paucity of 

uifomation on Semipalmated Plovers moult patterns and plumages (for review see Nol 

and BIanken 1999). Yearling breeders rnay be distirgpishable from older birds by the 

presence of worn Juvenal primaries and wing coverts (Prater et al. 1977) but, unless 

researchers were actively looking for this trait, it would have easily been overlooked. So, 

some first-tirne breeders may have been yeariings and breeding propensity of two year 

olds may be greater than 20%. 



To Mprove the accuracy of this model, fbture field studies should focus on 

acquiring more age-specific data Studies of shorebird natal dispersa1 have found that 

most dispersing birds settle within 8 k m  of their natal site (Jackson 1994), so, it may be 

advantageous to conduct an extensive search for neighbouring S emipalmated Plover 

populations at and near Churchill. If source population(s) of immigrant Semipalmated 

Plovers could be identified, then chicks at that site could be banded in the hope of their 

emigrating to the Churchill population, and thus increasing the number of known age 

individuah (Hitchcock and Gratto-Trevor 1997). A summer survey of wintering and 

staa+g areas could also be conducted to detemine whether Semipalmated Plovers 

typically delay breeding and over-summer in their first two years. For example, Paulson 

(1995) found that one-year-old Black-bellied Plovers were cornmon south of their 

breeding range but that older birds were not. It would be interesthg to conduct a similar 

survey of Semipalmated Plovers, but asain this depends on being able to accurately age 

birds based on plumage charactenstics. Despite the uncertainty associated with age at 

first breeding and breeding propensity of two year-olds, these parameters had little 

influence on population growth rate. In fact, when prbreed~ was set equal to prbreed3+, h 

increased by only 2.4%. Thus, it seems likely that high rates of immigration were mostly 

responsible for the difference between the predicted negative growth rate and the 

observed stable population. 

Semipalmated Plover population growth rate was most sensitive to changes in 

adult s d v a l .  Life-history theory predicts that sensitivïty of adult survival will be high 

for birds with long generation times and low for birds with short generation times 

(Lebreton and Clobert 199 1). This concurs with several other studies of relatively long- 



Eved species including raptors (Kiraldo et al. 1996, Wootton and Bell 1992, Lande 1988), 

seabirds (Simons 1984), waterfowl (Brault et al. 1994, Goudie et al. 1994, Schmutz et al. 

1997), and shorebirds ~ t c h c o c k  and Gratto-Trevor 1997) that found that adult sumival 

had the highest sensitivi@. Following adult survival(3+), population growth rate was 

most sensitive to changes in juvenile survival, fled,aing success, 1-year old survival and 

2-year old sumival. With the exception of fledging success (which was not measured for 

Semipalmated Sandpipers), Hitchcock and Gratto-Trevor (1 997) found the same 

sequence of sensitivity values for a breeding Semipalmated Sandpiper population at La 

Pérouse Bay, Manitoba. Both studies dso found that survival probabilities had the 

highest elasticities and fertilities had the lowest. 

When designing sampling procedures for future S emipaùnated Plover research, 

sensitivities of dernographic parameters should be considered. Lande (1988) suggested 

that sampling effort to measure a certain dernographic parameter should be proportional 

to its contribution to sampling variance of h. Based on my results, future studies should 

concentrate most sarnpling effort on adult survival (s3+), because this parameter 

contributed most to sampling variance of h. With more years of capture-resighting data, 

the precision of annual survival estimates will increase, provided that banding and 

resighting efforts rernain high. Pre-fleda@ng s e v a l  (s&), and eggs hatched per fernale 

(nhatchi) had the second and third highest contributions to sampiing variance of 1. Much 

of the variation in these parameters can be attributed to arnong year variation in 

reproductive success and the inclusion of data from two breeding seasons with higher 

than average predation rates (> 50% nests depredated) (Chapter 3). The Churchill 

Semipalmated Plover research is part of a long-term population study, so with more years 



of data, the inclusion of 'bad' years will have less influence on mean values and will help 

to ident* factors affecting among and within year variation in adult sumival and 

fecundity . 

There are several assumptions and limitations associated with the deterministic, 

density-independent approach used in this study. First, a deterministic mo de1 (as opposed 

to a stochastic model) deds only ivith average demographic parameters but does not 

account for temporal fluctuations in fecundity and survival. When a demographic 

parameter is highly i . uen t i a1  on popdation growth rate (Le., has a high elasticity), the 

amount of annual variability in that parameter can also be highly influential (Hitchcock 

and Gratto-Trevor 1997). Although sensitivity analysis quantifies the population's 

response to a change in a given demographic parameter, it faits to address how fÏequently 

such a change may occur (Schmutz et al. 1997). Thus, it is important to consider the 

amount of variation in demographic parameters when interpreting results of sensitivity 

analyses. If adult survival has the hi@est sensitivity but reproductive parameters are 

significantly more variable than are survival rates, then reproductive success could 

potentially contribute =ore to population change (Schrnutz et al. 1997). Killer Whale 

(Orcin us orca) demography clearly illustrates this. Adult surrival had the hishes t 

eIasticity value, but variation in adult fecundity was more strongly correlated to annual 

variation in population size than was any other demographic parameter (Brault and 

Caswell 1993). 

Random variation in fecundity and sumival rates c m  have a very large impact on 

population growth rate. Annual variability in demographic parameters resulting fiom 

environmental and demographic stochasticity tends to reduce long-tem population 



growth rate relative to a theoretical population with no variability (Boyce 1977, Burgman 

et al, 1993, Hitchcock and Gratto-Trevor 1997)- Thus, estimates of h denved £kom 

detenninistic matrices that do not incorporate variability (even if calculated Eom long- 

term data) tend to overestimate population growth (Burgman et al. 1993). Simulations of 

Semipalmated Sandpiper population growth found that population growfk rate was 

depressed b y annual variability in adult survival (Hitchcock and Gratto-Trevor 1 997). 

Conversely, Lande (1988) found that substantial annual fluctuations in Northem Spotted 

Owl demographic parameters (adult and juvenile sunrival, reproductive success) caused 

only a small decrease in population growth rate because long life expectancy (17.5 years) 

diminished the effect of annuai variation. 

Estimating the standard error of h provided some indication of variation in 

Semipalmated Plover mean demographic parameters. The 95% confidence intervals on h 

were wide, indicating hi& annual variability in Sernipalmated Plover survival and 

fecundity. Like most shorebirds, S emipalmated Plover reproductive success fluctuated 

greatly among years in response to weather conditions and fluctuations in predator 

abundance (Chapter 3). S u ~ v a l  rates also varied annually, but to a lesser extent than did 

reproductive success. Over the course of the study, hatching success varied by 63% and 

sunival rates varied by 30%. 

Tt is important to note that sensitivities and elasticities are dependent on the values 

of al1 mode1 parameters, and even when aU other parameters remain constant, the 

sensitivity of one parameter responds in a non-linear way to the actual value of the 

parameter (Hitchock and Gratto-Trevor 1997). For example, Hitchcock and Gratto- 

Trevor (1 997) found that sirnulated increase in sumival from 0.45 to O S 6  (a 25% 



increase) had littie effecf whereas an increase Eom 0.76 to 0.86 (a 13% increase) had a 

dramatic impact on Semipalmated Sandpiper population size. So, it is important to 

consider whether any of the model parameters rnay have low sensitivities because the 

value of the demographic parameter is depressed relative to those of a 'healthy' 

population (Green and E o n s  199 1, Hiraldo et al. 1996). There were no other monitored 

Semipalmated Plover populations for cornparison, but hatching success, pre-nedging and 

adult survival rates in the Churchill population were comparable to or higher than that of 

several O ther plover species (Pienkowski 1984, Bergstrorn 1 988, Prindiville-Gaines and 

Ryan 1988, Root et al. 1992, Thompson and Hale 1993, Paton 1994, Warriner and Paton 

1995, Knopf 1996, USFWS 1996, Yogev et al. 1996, Insley et al. 1997, Warnock et al. 

1997). This suggests that fecundity and survival rates are not depressed. 

The model used in this study also did not consider the effects of density- 

dependence. 1 assumed the population was not regulated by density-dependent factors 

operating on the breeding grounds (Le., suvival and reproductive success were 

independent of breeding density). There is little evidence of density-dependent mortality 

or restriction of reproductive output for breeding shorebirds (see review in Evans and 

Pienkowski 1984). Shorebird population size is more likely influenced by density- 

independent factors suc h as unfavourable weather conditions, which increase wintering 

ground mortality, and suppress or prevent reproduction on breeding grounds (Evans and 

Pienkowski 1984). Thus, it did not seem appropriate to include density-dependence in 

the model. 

Finally, when calculating the variance of lambda, 1 assumed that life-history 

parameters varied between years independently (i. e., there was no covariance). This 



assurnption is likely invalid because suMval analyses have shown that Semipalmated 

Plover hatching success and suMval rates are correlated (Chapter 2). Survival rates are 

lower in years with lower than average hatching success, likely because conditions that 

result in low hatching success also cause higher emigration and/or mortality. 

Although sensitivity analysis provided some insight into Semipalmated Plover 

demography, 1 recommend that future demographic studies use life stage simulation 

analysis (LSA) (Wisdom and Mills 1997, Wisdom et al. 2000). LSA considers the 

influence of variation, covariation, and uncertainty in demographic parameters and can be 

used to test whether rank orders of ehsticities change with real-world variation in 

demographic parameters (Wisdom et al. 2000). The simple model used in this study 

should be considered a starting point for future matrix modeling and demographic 

analyses. This mode1 was used to gain insight into factors affecting Semipalmated Plover 

population size and to hiWight friture research needs. As more data are collected, the 

validity and accuracy of the model will improve, which will alIow for more sophisticated 

analyses such as stochastic models, life-stage analyses and population projections. 

The fact that population growth rate was most sensitive to adult suMval in 

Semipalmated Plovers (this study) and in Semipalmated Sandpipers (Hitchcock and 

Gratto-Trevor 1997) has important implications for shorebird conservation. Srnall 

changes in adult sunival can have a large idluence on shorebird population size, and 

increases in fecundity appear to be uisutficient at increasing population growth rate 

~ t c h c o c k  and Gratto-Trevor 1997). In addition, most shorebirds are constrained by a 

four-egg clutch, so they have less latitude to increase fecundity than do other bird species. 

Fecundity of arctic and sub arctic nesting shorebirds is M e r  lirnited because they c m  



hatch only one clutch per year. High adult çurvival and high immigration compensate for 

low fecundity, but as a result, shorebird populations are slow to recover fiom population 

decreases. This study also demonstrated the importance of immigration and emigration 

on shorebird demograp hy. The Churchill S emipalmated Plover population is reliant on a 

constant influx of birds f?om other, perhaps neighbouring populations, and it is likely that 

successful juveniles fkom the Churchill population are feeding nearby populations. This 

suggests that the local Churchill Semipalmated Plover population is part of a larger 

metapopulation, which means that changes in the dernography of these populations will 

also affect the Churchill population. 



The picture of Semipalmated Plover demography revealed by my analyses is that 

of a population with low fecundity, which is balanced by hi& adult survival and high 

immigration rates. Local sunival as well as clutch size, hatching success, and egg 

hatchability showed significant annual variation. Annual variation in local survival was 

unrelated to weather conditions on the breechg grounds, but was correlated with 

hatching success. In years with high predation rates (and thus low hatching success), 

birds are more Likely to pemanently emigrate from the study area. Local ecological 

conditions such as ùIdividual nesting success, success of conspecifics or predator 

abundance may serve as indicators of a poor nesting site thereby encouraaging birds to 

emigrate to a 'safer' nesting area. 

Fernale Semipalrnated PIover resighting rates were lower than that of males, 

which suggests that like most shorebirds, female Semipalmated Plovers are less site 

tenacious and more dispersive than are males. Fernales were more likely to be absent 

during a breeding season, and then retum to the Churchill siudy area in subsequent years. 

FemaIes may be reducing risk of death caused by stress of breeding by avoiding nesting 

in years when they may be unable to meet the energetic demands of breeding. For long- 

lived species, one breeding season represents only a small contribution to lifetime 

reproductive success (Coulson 1984). 



Furthemore, nesting under conditions where cost of breeding is likely to 

negatively influence sumival and consequently the number of future breeding 

opportunities is a strategy against which there would be strong selection (Coulson 1994). 

Further reseatch is needed to determine the extent to which non-breeding occurs among 

Semipalmated Plovers, because this could have important effects on the population 

dynarnics of this species. Future studies should focus on ascertaining whether females 

are skipping breeding seasons and over-summering at lower latitudes, or are temporarily 

emigrating to other areas to breed. 

The effects of age on local survival and reproductive success were equivocaI. 

Age does not seem to affect Semipalmated Plover sumival, because older, previously 

banded birds had higher local survival rates than did newly banded birds in only one year. 

In most years there was no difference between the age classes. Age had a greater effec t 

on reproductive success, but the effects varied annually, and between the sexes. 

Furthemore, age influenced fled=ging success, but not hatching success. Male parental 

breeding expenence had a greater effect on Sernipalrnated Plover reproductive success 

than did female experience, probably because males remain with the brood longer than do 

females. Pairs containing an experienced male were more likely to fledge chicks than 

were inexperienced pairs or pairs with an expenenced female. Many factors rnay be 

responsible for the increase in reproductive success with male experience. Expenenced 

males rnay choose safer brood-rearing areas, or may be more vigdant and better able to 

defend the brood a,oainst predators andlor conspecifics. More research is needed to 

determine why experienced males are better parents. 



Juvenile survival remains the rnissing link in this and most other shorebird 

population studies. For most shorebird species, rates of natal philopatry are low, and 

most juveniles presumably disperse to new areas to breed (Evans and Pienkowski 1984, 

Flynn et al. 1999). As in the present study, this creates a gap in the understanding of 

population dynamics. 1 was able to estimate Semipalmated Plover pre-fledging survival 

probabifities, which is an improvement over most studies, but the fate of chicks once they 

departed the breeding grounds is unknown. Future, advancements in the field of satellite 

telemetry will likely result in a trammitter that is sficiently small for use on shorebuds, 

and thus allow researchers to track the shorebkd movements throughout their migratory 

route. For the time being, a study of juvenile Semipalmated P lover over-winter sunrival 

rates would result in a better estimate of t b i s  critical demographic parameter, 

Adult survival is the limiting demographic component on the population 

dynamics of Semipalmated Plovers - the survival of adult birds has a much greater 

Muence on population gowth rate than does reproductive success. The market huntins 

of shorebirds throughout the 1800s clearly demonstrates the vulnerability of shorebird 

populations to reductions in adult mortality. Hunting reduced the once abundant Eskimo 

Curlew population to near extinction just after the tum of the century and this species 

may now be extinct (Hayman et al. 1986). Several other shorebird populations including 

Hudsonian Godwit (Li7nosa haernastica) and Lesser Golden Plover (PZuviaZis dominica) 

suffered similar declines, and have not yet returned to their historic population size 

(Semer and Howe 1984). Because of low fecundity, and for larger shorebirds, a delayed 

age at f i s t  breeding, shorebird populations are slow to recover from population declines. 



These characteristics of shorebird demography revealed by this thesis highlight 

the need for conservation of appropriate habitat throughout shorebirds migration range. 

Many North Amencan shorebird populations are in decline, and three plover species have 

been listed as species of concem. As a result, there has been some recent attention and 

effort focused on the conservation of shorebirds. A major shorebird conservation priority 

should be to protect the qudiQ of habitats used by shorebirds throughout their annual 

cycle (Evans 199 1). For arctic-nesthg shorebirds, in paaicular, a protected network of 

staging areas is critical, because if shorebirds are delayed by poor conditions at a staging 

area, they may be unable to reach their breeding grounds with sufficient time to complete 

their breeding cycle (Evans 1991). It is my hope that shorebird conservation initiatives 

will focus on protecting appropriate habitat so that adult shorebirds can maintain hi& 

survival rates, and thus stable populations. 

Long-terni longitudinal studies such as this one are critical in understanding 

population dynamics of birds. This thesis demonstrated that Semipalmated Plovers, have 

high adult s e v a l  rates, and low fecundity, both of which show significant annual 

variation. Local sumival rates are not sex specific, and are not influenced by weather 

conditions on the breeding grounds. H a t c h g  success is a good predictor of adulr 

sumival lilcely because poor nesting success encourages birds to permanently emigrate. 

With the exception of fledging success, al1 reproductive parameters, including 

clutch size showed significant annual variation, and a wide range of factors are likely 

responsible for this variation. In years following El Nuio events, local survival rates, and 

reproductive success were lower, and changes in lemming abundance rnay be related to 

110 



high rates of predation. Semipalmated Plover reproductive success is infiuenced by male, 

but not femaie breeding experience. Pairs with an experienced male are more successful 

than are inexpenenced pairs. 

Adult survival has the greatest infiuence on population growth rate, and despite 

large m u a l  variation in swival  and reproductive success, the Churchill study 

population remained stable. High rates of immigration are probably responsible for the 

stability of the population. The Churchill population is reliant on a large influx of 

immigrants, and is therefore part of a larger metapopulation. The maintenance of hi& 

adult sunrival rates is critical to the stability of shorebird populations. 
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Appendix 1 - Capture or resighting matrix for colour-banded adult male and female 

Semipalrnated Plovers at Churchill, Manitoba fkom 1992-1998. The k t  '1' hom the left 

represents the initial banding occasion, and each subsequent digit represents one breeding 

season fiom 1992-1998 d d g  which resightings and recaptures occurred. A zero in the 

capture history indicates that the bird was either dead, or dive and not resighted that year. 

Birds banded as nestlings were included in the capture history when they were first 

observed as a breeding adult. 

Number of Zndividuals 

Cap ture/Resighting His tory Females Males 



Appendix 1 continued. 

CaptureResighting His tory Females Males 

O011101 

0011110 

OOLllll 

O 100000 

0100100 

0100110 

0101000 

0101011 

O101 100 

0101111 

O1 10000 

0111000 

O11 1001 

O 1  11 100 

O111101 

01111io 

Oltllll 

1000000 

1001000 

1001 110 

1OllOOO 

11 10000 

1110010 

1110111 

1111000 




