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Philopatry, nest site tenacity, and mate fidelity in 
Semipalmated Plovers (Charadrius semipk2matus) breeding at 

Churchill, Manitoba. 

Laura Flynn 

Philopatry, nest site tenacity, and mate f idelity were 

examined in a population of Semipalmated Plovers near 

Churchill, Manitoba in 1994 and 1995. Natal philopatry in 

the population was very low (0.4%) , and adult return rates 

(female 40%; male 51%) were similar to those found for other 

shorebirds. Adult return rates to the general study area 

were not different between the sexes, However, female 

Semipalmated Plovers which divorced or re-paired between 

breeding seasons were significantly less nest site tenacious 

than females which reunited with their previous mates and 

males of al1 pairing status. 

Previous reproductive success generally did not affect 

return rate, site tenacity, or mate fidelity in this 

population. When both members of a pair retumed to the 

study area, they were more likely to reunite with each other 

(67%) than to divorce (33%) , and in 1995, pairs which 
reunited nested significantly earlier and had greater 

hatching success than novel pairs. The stability of the 

plovers' breeding habitat likely contributes to the nest 

site tenacity and mate fidelity of this population, 

suggesting that although general theories regarding site and 

mate fidelity can be postulated, local conditions may have a 

large impact on the dispersa1 and reproductive life-history 

of the populations under study. 
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Philopatry is broadly def ined as a faithfulness to a 

natal or breeding area, and is recognized in many species of 

birds and mammals (Greenwood 1980, Thompson and Hale 1989, 

Dhindsa and Boag 1992). In most species that exhibit natal 

or breeding philopatry, there is a sex bias in dispersal; 

the direction of this bias is thought to be a consequence of 

the mating system (Greenwood 1980, Greenwood and Harvey 

1982, Colwell and Oring 1989, Thompson and Hale 1989, Groen 

1993, Johnson et al. 1993) . 

In a mating system in which one sex defends a resource 

or territory important for mate acquisition or rearing of 

offspring, that sex is expected to benefit from being more 

philopatric, as familiarity with an area is presumed to 

facilitate territory, mate, and food acquisition, and to 

imptove defense and predator avoidance (Greenwood and Harvey 

1982, Haig and Oring 1988). The opposite sex would then be 

freed from the constraint of resource defense, and should 

therefore exhibit greater flexibility in both natal and 

breeding dispersal. In addition to philopatry, site 

tenacity, which is represented by the number of territories 
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or actual nest site distance moved between years by a 

breeding individual, is considered advantageous for the same 

reasoas (Gratto et al, 1985, Jackson 1994). 

A d a n  mating systems vary widely, but even in socially 

monagamous species with male resource-defense, a split in 

the pair bond between breeding seasons provides an 

opportunity for variation in individual return rate and site 

tenacity (Wilcox 1959, Soikkeli 1967, Holmes 1971, Lenington 

and Mace 1975, Gratto et al, 1985, Thompson and Hale 1989, 

Groen 1993, Jackson 1994, Thompson et al. 1994). 

Differential rates of philopatry by adults and juveniles are 

also common in many birds (Lenington and Mace 1975, Darley 

et al, 1977, Harvey et al. 1979, Gratto et al, 1985, Groen 

1993) , When the level of adult philopatry is high, the 

return of juveniles to their natal site is expected to be 

l o w ,  as they would be at a disadvantage in terms of 

experience and habitat familiarity when competing with 

established breeders (Greenwood and Harvey 1982) . This 

movement of young birds away from their natal area would 

also reduce the likelihood of mating with a close relative. 

In a male resource-defense mating system, natal, as well as 

breeding, dispersa1 i s  more extensive among females 

2 



(Greenwood and Harvey 1982), although in juveniles the 

return rate may be so low as to make any sex bias 

undetectable (Gratto et a2. 1985, Thompson et al. 1994) . 

Factors other than SPY have been found to influence 

philopatry and site tenacity. These include mate fidelity, 

previous reproductive success, age, and site stability 

(Reâmond and Jenni 1 9 8 2 ,  Gratto et a2 . 1985, Haig and Oring 

1988, Bradley et al. 1990, Reed and Oring 1993, Jackson 

1994) . Connections here can become complicated, as previous 

success, age, and site stability can al1 influence mate 

fidelity, and mate and site fidelity can affect any 

subsequent reproductive success. Separating out the 

relationships between any two of these factors can be 

difficult. 

Mate F i d e l i t y  - Aïthough social monogamy is comon in avian 

mating systems it has never, until recently, generated much 

interest largely due to the view that unusual mating systems 

could contribute more to the understanding of the evolution 

of avian social systems (Gowaty and Mock 1985). Howevet, 

even in monogamous systems selection of a new mate can occur 

throughout an individual's lifetime (Gowaty and Mock 1985, 
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Gratto et al. 1985, Jones and Montgomerie 1991, Ens et al. 

1993). This mate switchhg may be enhanced in a migratory 

species where the separation of the pair outside the 

breeding season is conunon due to differential migration 

times and different wintering areas. 

Evidence for reproductive advantages of mate retention 

cornes primarily from studies of long-lived seabirds. These 

individuals may change mates annually for a number of years 

early in their reproductive career, during which time 

increasing age and breeding experience may influence egg 

size, laying date, and reproductive success. When a 

compatible mate and breeding site are obtained, retention of 

these can lead to increased reproductive success (Rowley 

1983, Bradley et al. 1990) . In birds with a shorter 

lifespan, including many small shorebirds, it may not 

benefit their lifetime fitness ta spend several years 

experimenting with different mates and breeding sites. 

The benefits of mate retention accrue to both males and 

feules,  but if males acquire and defend the breeding 

territory, then the choice to remate or divorce may lie with 

the female. Evidence for this is inferential, but 

considerable. Divorced, but not re-paired, female Willow 
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Tits advanced their laying date and bred successfully, 

whereas divorced males either remained unpaired or had low 

reproductive success (Orel1 et al, 1994) . As well, female, 
but not male, Blue Tits iaiproved their reproductive success 

following a divorce when compared to faithful pairs (Dhondt 

and Adriaensen 1994). In addition, in species with male 

territoriality, divorce has been connected with both site 

and d e  mate quality. In some species divorce rates are 

greatest in low quality sites (Desrochers and Magrath 1993), 

and with low quality males, as measured by ornamentation 

(Jones and Montgomerie 1991). Therefore, any improvement in 

mate or site quality following divorce should be more likely 

to manifest in females rather than males. 

Reproductive Success - If mate fidelity is generally 
advantageous, why would a female or a pair choose to 

divorce? Interyear gains in mate and/or site quality should 

be an ultimate means for increasing future reproductive 

success. It is diff icult  to  determine whether divorce is a 

proximate result of avoidance of the previous mate or of the 

previous territory, but in either situation, one would 

expect low reproductive performance in one year to be 
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correlated with an increased divorce rate and low site 

tenacity the next (Thompson and Hale 1989, Beletsky and 

Orians 1991, Dhondt and Adriaensen 1994), although this is 

not always the case (Forslund and Larsson 1991, Dhindsa and 

Boag 1992, Bridges 1994). 

If interyear switching of site or mate in response to 

low reproductive success is a mechanism for increasing 

future reproductive success, this benefit should manifest 

itself in higher hatching or fledging success in the year 

subsequent to the switch. This may be related to the life 

span of the species, as success seems to be more closely 

linked to the breeding age of the female in long-lived birds 

(Ens et al. 1993). However in species with a relatively 

short life span, pairs may not be able ta afford the time to 

spend a year or two in a poor relationship "cementing" the 

pair bond to ensute future breeding success. In addition, 

if the time for mate and or site assessrnent and selection is 

short, it may be more advantageous for an individual to 

return ta a mate with at least some breeding experience, 

regardless of previous reproductive performance. 



The Semipalmated Plover (Charadrius semipalmatus) is a 

small, seasonally monogamous shorebird that winters on both 

Atlantic and Pacific coasts from the southern United States 

to the tip of South America, but breeds across northern 

Canada from the Queen Charlotte Islands to New Brunswick 

(AOO checklist 1983) . As noted in an earlier study, marked 

adults in the Churchill, Manitoba population of this species 

returned to the same area in successive years to breed (M. 

Sullivan Blanken pers. cornm. ) . This species exhibits 

biparental care, but females leave the brood approximately 8 

days before the male, and males appear on the breeding 

territories in the spring before the females (pers. obs.) . 

Despite this yearly separation, some individuals reunite 

with their former partners in successive seasons. 

Previous studies of monogamous shorebirds have reported 

a wide range in the rate of perennial (between seasons) 

monogamy and site tenacity (Soikkeli 1967, Oring and Lank 

1982, Gratto et al. 1985, Haig and Oring 1988, Thompson et 

al. 1994). If site tenacity is important in promoting mate 

fidelity, 1 would expect the stability of the breeding 

habitat to influence both of these variables; species 

breeding in ephemeral sites might return to previous sites, 
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and therefore previous mates, at lower frequencies. This 

study was undertaken to investigate the degree of mate and 

site fidelity in Semipalmated Plovers nesting in the 

Churchill, Manitoba area, and to measure the effects of sex, 

reproductive success, and mate and site quality on these two 

indicators of dispersal patterns. 

Semipalmated Plovers at Churchill nest primarily on 

grave1 ridges which are rarely affected by s t o ~ s ,  

f luctuating water levels , or human disturbance, although 

occasionally affected by late snow cover. Due to the stable 

nature of their nesting habitat, 1 expect individuals in 

this population to exhibit a high incidence of mate and site 

fidelity. The temporal constraints of their northern 

breeding range may augment this tendency, in that there is 

l i t t l e  opportunity for evaluation of new sites and mates, 

and this lack of opportunity may also reduce the likelihood 

of change in a year following poor reproductive success. 



Study area - This study vas conducted in the breeding 

seasons (June to August) of 1994 and 1995 in and around the 

t o m  of Churchill, Manitoba (S8O4S ' N 9S004 W) to the 

Churchill Northern Studies Centre (CNSC), 30 km to the east. 

The study area encompassed approximately 384 km2 of roads, 

tundra, lakes, and gravel ridges, although not al1 of this 

area was considered suitable nesting habitat for 

Semipalmated Plovers . Preliminary banding was carried out 

during a previous study undertaken in 1992 and 1993 

(Sullivan Blaoken 1996) . 

Semipalmated Plovers breed 

ridges, and gravel ridges up to 

on coastal mudf lats , outcrop 

6 km inland in Churchill 

(Jehl 1973). Nesting habitat is characterized by gravel 

ridges mixed with D r y a s  integrifolia. with surrounding 

vegetation sparse and rarely exceeding 10 cm in height. 

Dominant vegetation on the coastal mudf lats is rionckenya 

peploides and Senecio congestus; on outcrop ridges is D. 

in tegrifolia, Rhododendron lapponicum, Arctostaphylos 

alpina, Ehpetrum nigrwn and S a l i x  reticulata; on gravel 

ridges is D. integrifolia,  Saxifraga oppositifolia, B .  
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nigrum and S. reticulata (Johnson 1987) .  Within each 

territory theie wete sevesal scrapes (depressions in the 

substrate), but only the nestcup used was lined with small 

twigs and D. integrifolia. 

Field Metbods - Al1 suitable areas between the t o m  of 

Churchill and the Churchill Northern Studies Centre that 

were accessible by road were included in the study area 

(Fig. 1). Nests w e r e  located by walking transects through 

suitable nesting habitat and sighting adult Semipalmated 

Plovers conducting distraction displays. Al1 suitable 

nesting habitat within the study area was searched at h a s t  

twice during June (main incubation period) and areas around 

a nest with a marked individual in one year were intensively 

searched at least twice to a radius of 1 km in successive 

years . 

Fewer than 10% of the nests were found during the 

laying period; the rest were found during incubation. For 

those nests found during incubation, the length, width, and 

weight of the eggs were taken, and the date of hatch was 

estimated f rom a regression equation (Appendix 1) . This was 

considered accurate to within four days, and nests were 
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checked for pipping eggs every two days close to the hatch 

date. To reduce chance of discovery by predators, nests 

were not marked, but were mapped for facilitation of 

location in current and subsequent years- 

Plumage dimorphism is sufficient to accurately 

distinguish the sex of breeding adults (K. Nol unpubl. 

data). Typically, males have more extensive and blacker 

crown and breast bands, and lack much of the white 

supercilium. Al1 adults were consistently identified to the 

same sex both within and between years. 

Adults were trapped on the nest with either a walk-in 

keyhole trap or a Potter trap. The circular walk-in trap 

was constructed of hardware cloth (40 cm in diameter and 

30 cm high; 10 cm by 10 cm keyhole) with a Cotton net top; 

the square Potter trap (25 cm by 25 cm by 25 cm) was made of 

2 mm wire, and had a treadle (10 cm by 10 cm) placed over 

the nestcup triggering a drop door (15 cm wide by 10 cm 

high). To reduce stress (a possible stimulus for dispersal) 

traps were removed i f  the adult did not return within 30 

minutes, and were monitored continuously so the adult was 

rernoved soon after entering (after Jackson 1994). 

Once captured, adults were banded on the metatarsus 
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with a unique combination of a Canadian Wildïife Service 

(CWS) numbered aluminum band and three colour bands (A.C. 

Hughes). While in the hand, adults were weighed with a 

Pesola balance to the nearest 0.1 g, and the following 

measurements were taken with a pair of calipers to the 

nearest 0.1 mm: metatarsus length, culmen length (length of 

orange portion, length of black portion, total length) , toe 

length, outer web length, black crown depth, and the length 

of the white supercilium. Plattened wing chord and the 

number of brown feathers in the black crown and black breast 

band were also measured. Measurements of bilateral 

structures were taken on the right side. 

Nests were viewed from a distance every 3 to 7 days to 

check for attendance by an adult. Disappearaace of clutches 

was attributed to predation unless another specific cause 

was obvious (e .g. tides) . Around estimated hatch date nests 

were visited daily, and upon hatch chicks were caught by 

hand and banded with a brood-specific colour combination and 

a CWS numbered aluminum band, A small number of clutches 

hatched between visits, but hatch success was verified 

through resighting of chicks with the appropriate banded 

adults. A nest was considered successful if at least one 
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egg hatched. 

After hatch, distance between nestcups in successive 

years was calculated for each marked individual. Distances 

of less than 700 m were measured w i t h  a meter tape 

(distances ~ 3 0  m were measured to the nearest 0-05 m, 

distances of 30 m to 100 m to the nearest 0-10 m, and 

distances of 100 m to 700 m to the nearest meter) - 
Distances greater than 700 m were calculated with a Global 

Positioning System (GPS) unit (accurate to within 10 ml or 

from air photos (scale 1:10 000 or 1:12 000). D a i l y  air 

temperatures were measured at the Churchill Weather Office 

in Churchill, Manitoba, and were obtained from the 

Atmospheric Environment Service of Environment Canada. 

The quality of an individual was assessed from 

morphological indicators. Mass, tarsus length and wing 

chord, as well as the ratio of mass to tarsus length are 

often used as estimators of body condition and individual 

quality (Lemel 1989, Fox et al. 1992, Richner et al. 1993) . 

Plumage colouration (especially in males) is considered in 

many species to be an important indicator of fitness or 

quality (measured by nest attentiveness, overwinter 

survival, production of fledglings and fledgling w e i g h t ) ,  
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and plumage brightness can be an important criterion in mate 

choice (Norris 1990, Hill 1991, Slagsvold and Dale 1994) . 

As Semipalmated Plovers are sexually dimorphic with plumage 

variable within a sex, colouration was considered a 

potentially important factor in mate choice. Plumage 

characteristics measured were: length of white supercilium, 

depth of black crown stripe, amount of black relative to 

total culmen length, and nuniber of brown feathers in the 

black crown and breast band, 

The relative quality of a nest site was evaluated as 

the horizontal visibility around the nest-cup and the 

distance to the nearest foraging area. These were 

considered appropriate indicators of quality, as for sorne 

shorebirds, nest success is greater on territories with 

l i t t l e  vegetative cover (Metcalfe 1984, Gaines and Ryan 

19881, and nests situated farther away from suitable 

foraging areas might result in greater initial chick 

mortality. Visibility was measured on the day af ter hatch 

as f ollows : a block of wood (12 cm x 5 cm x 4 cm) painted 

brown on the upper half and white on the lower half was 

placed in the nestcup. Viewed f rom a height of 50 cm at 

each of the four compass points, the percent area of the 
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mode1 visible was recorded at distances of 5, 10, 15, and 

25 m. 

Terminology - Throughout this study, "adult philopatrym (or 

"adult return rateN) is defined as the number of adults 

banded in one year which were sighted in the study area in a 

subsequent year. "Natal philopatryn refers to the number of 

birds banded in the study area as juveniles which were 

sighted in the study area in subsequent years as adults 

(Gratto et al. 1985). These annual resighting rates 

represent minimum return rates, as individuals that return 

but disperse outside of the study area would not be 

observed . 

nSite tenacity1' is defined as the distance between 

nestcups of an individual in successive years (Gratto et al. 

1985, Wiens and Cuthbert 1988) . Some studies measure 

territory fidelity, or the number of breeding territories 

moved by an individual between yeats (Darley et al. 1977, 

Greenwood and Harvey 1982). While this may be more 

biologically meaningful it is often difficult to determine, 

especially for species with varying territory sizes. 

Breeding densities of Semipalmated Plovers Vary widely 
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(Rippen Armstrong and N o l  1993); an accurate estimate of 

each territory would have required extensive behavioural 

observations (Haig and Oring 1988) and was considered 

logistically difficult for this study. 

Hatch success is used as the criterion for breeding or 

reproductive success, and a nest f r o m  which at least one egg 

hatched was defined as successful, A breeding pair is said 

to "reuniteU if both individuals return and pair with each 

other in the following year; "re-pairw if only one of the 

pair returns in the following year; or wdivorcetf if both 

members return the following year but form pair bonds with 

different individuals. 

Statistical analyses - Al1 data were tested for normality, 

and nonparametric tests were used where appropriate. For 

calculations where data from more than one year were 

combined, individuals were represented more than once only 

if the variable was considered independent of the individual 

(factorial mode1 ANOVA) . Fisher's exact tests were used for 

a l1  2x2 contingency tables, and Log-linear models for 

frequency data with three or more variables (Gratta et al. 

1985, SAS 1985) . In any case where the direction of the 
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outcome had been predicted on the basis of the literature, a 

one-tailed statistical test was used. For  al1 tests ,  

results were judged to be significant if PcO .OS, but 

considered marginally significaat when Pc0.10. Paired t- 

tests were employed for comparisons of mate and site 

quality, and al1 measurements were taken in the year of 

pairing - 



Sexual differences in natal and adul t philopatry - In the 

Churchill study area, 57 nestlings were baaded in 1988, 31 

in 1992, 88 in 1993, and 83 in 1994, Of these 259 

nestlings, only one (0.4%) was obsenred to return t o  the 

study area in a subsequent year to breed, therefore sexual 

bias in natal philopatry could not be assessed. One female 

banded as a nestling in 1988 returned in both 1994 and 1995 

to breed, but was not seen in the intervening years. The 

distance between its natal and breeding sites is unknown, as 

the precise location of the natal site was not recorded. 

The number of years that elapsed between natality and year 

of first breeding is also unknown because there were no 

observers in Churchill during the period from 1989-1991. 

Adult philopatry was measured as the number of retums 

in the year following banding (Table 1) . Using al1 data 

(including birds nesting in the year following banding and 

those individuals which were known to return but for which 

no nest was found) 1 determined that there was no 

significant interaction between the factors of sex and year 

on rate of return (log-linear model, x2=1.96, P=0 - 3 8 )  I 
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Table 1. Rate of return of adult Semipalmated Plovers to the study area in the year 
following banding at Churchill, Manitoba. Returns include al1 individuals sighted in the 
study area. 

Year of Year of Sex Number of Number of k 
banding sight ing birds banded birds returned Returned 

1992 

1 9 9 3  

1994 

Total 

Female 

Male 

Female 

Male 

Female 

Male 

Femal e 

Male 

1992+1993 1994 Female 39 19 4 8 . 7  

Male 38 20 52.6 

1992+1993 1995 Femal e 65 30 46.2 

+1994 Male 67 29 43.3 



then tested for two-factor effects; neither year of 

observation (Pr4.56, &O.  10) nor sex (x2=2. 24, P=0.13 ) 

alone had a significant effect on adult return rate, even 

though adult return rate was highest in 1994 and males 

returned at a higher rate than females in e v e q  year. There 

was also no significant difference in return rate between 

f emales (26 of 65 retunied) and males (34 of 67) for al1 

years combined (Log-liklihood ratio test, G=1.94, P=O.l6) . 

High rates of nest success in 1994 (Table 2) probably 

contributed to the high observed return rate in that year, 

as in other years birds may have been missed if their nests 

were destroyed early and they did not attempt to renest. 

This should not have affected the relative return rates of 

the sexes, as in each year, males and females were banded in 

approximately the same proportions (Table 3). Return rate 

of individuals trapped in the current season was 

significantly lower than those individuals currently nesting 

but trapped one or more years previous (52 of 110 returned 

in current season, 28 of 43 in previous season; Log- 

likelihood ratio test, x2=4. 00 ? P=O.O47 ) . 



Table 2 .  N e s t  success of Semipalmated Plovers in the 
Churchill, Manitoba study area. Samples sizes (in 
parentheses) are the number of nests  monitored and do not 
include renesting attempts. (If a nest failed but the renest 
was successful, it was counted as one successful nest). 

- - - - - - - - 

Y e a r  Percent successful 



Table 3. Nuniber of nests found and number of banded adult 
fernale and male Semipalmated Plovers (both newly banded and 
returned individuals ) in each yeat at Churchill, Manitoba. 

Y e a r  Number of nests Number of birds banded 
f ound 

Eemales males 



Sexual ciifferences and ef fec t  of mate f ide l i t y  on nest s i te  

tenacity - As nestcup locations for several of the birds 

banded in 1992 were uncertain, calculations of site tenacity 

are restricted to the years 1993-1994 and 1994-1995. Adult 

site tenacity was evaluated with regard to pairing status, 

as there could not be a difference in nest site distance 

moved between the sexes for those pairs that reunited in 

successive years. For those birds that changed mates, their 

previous mate may have either been present (divorce) or not 

present (re-pairing) the following year (Table 4) . Females 

that re-paired and those that divorced moved similar 

distances to their new nest sites in successive years. 

These groups moved significantly farther than both females 

which reunited and al1 males regardless of marital status- 

There was no significant difference in the distance between 

successive nest sites in the latter groups (Table 4). 

Effect of nest success on subsequent philopatzy and site 

tenacity - Some individuals banded in 1993 returned to the 

study area in both 1994 and 1995, and would therefore 

represent repeated measures. With regard to previous nest 

success, there was no dif ference in the f requency of 
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Table 4. Distance moved by Semipalmated Plovers between successive nest sites for each sex 
and three categories of pairing. Horizontal lines at bottom of chart indicate homogenous 
groupings using nonparametric multiple cornparisons based on Kruskal-Wallis rank sums. 

Male Female 

Reunite Re-pair Divorce Reunite Re-pair Divorce 

range 11.05-46.4 1.50-130 11.00-111 2.10-62.8 117-1890 75.7-1190 

'Sample sizes of reunited males and females differ; for females distance moved was 
independent of individual, therefore some individuals in different years are represented 
more than once 



returning birds in 1995 with or without these repeated 

individuals for either males (Fisher1 s exact, P=0.19 or: 

females (P=O. 29) . Addition of these data theref ore, should 
not bias the ratio of return rates. Nest success in 1993 did 

not affect the return rate of either sex to the study area 

in 1994 (Table 5 ) .  This was also true of females the 

following year, but males which nested successfully in 1994 

returned at a higher ftequency than those which were 

unsuccessful (Fisher's exact one-tailed test, P=0.01; Table 

5). As the power of the test may be too low to detect a 

significant result in 1994 due to small sample sizes, 1 

combined the  data from both years. After pooling, there was 

no effect of previous nest success on the subsequent rate of 

return for either sex of Semipalmated Plovers (Table 5) . 

To analyze the effect of success on subsequent site 

tenacity, the distance moved between the years 1993-1994 and 

1994-1995 were pooled due to the low rate of nest failure in 

1994, Previous success was also assessed for each category 

of pairing status, as tenacity differed for males and 

fernales which changed mates (see above, Table 4), although 

the categories of divorce and re-pairing were combined for 

each sex due to low sample s ize .  For reunited pairs and 
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males that changed mates, previous neet success did not 

significantly affect the distance moved in the subseqwnt 

breeding season (Table 6) . For f emales that changed mates, 

those that had nested successfully the year before did not 

move as far as those whose nests had failed, although my 

sample size was quite small and only marginally significant 

P=0.0 8 (Table 6 )  , 

Effect of nest success on subsequent mate fidelity - The 

level of mate fidelity in this population varied between 

years (Table 7) . For the years combined, an almost equal 

number of birds re-paired (17/41) as reunited with their 

previous mate (16/41), while half that number divorced 

(8/41). 

If only one individual of a banded pair ïeturns to the 

study area, as in the case of re-pairing, the pair does not 

have an opportunity to reunite. Only cases where both 

individuals of a pair returned (divorce and reuniting) can 

therefore be used to study the effect of previous nest 

success on mate fidelity. Unfortunately, for very few of the 

pairs which nested unsuccessfully in one year did both 

individuals return the following year (Table 8). For only 
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Table 6 .  Bffect of previous nest success on site tenacity. Data from 1994 and 1995 were 
not significantly different (P=0.31; Wilcoxon two-sample test) and were therefore 
combined , 

Pairing Status Previous Nest Outcome P' 

Successful Unsuccessful 

median range n median range n 
(ml (ml (ml (ml 

Reunited pairs 30.7 2.10-46.4 10 33.6 22.05-44 ,4  2 0.91 

Male mate change 46.9 1.50-130 17 38.4 28.15-111 4 0.89 

Female mate change 246 75.7-1190 10 870 770-1890 3 0 .O8 

'significance teated using Wilcoxon two-sample test. 



Table 7 .  Level of mate fidelity in Semipalmated Plovers 
breeding in the Chu~chill, Manitoba study area. Data for 
reunitings and divorces are pairs of birds, data for re- 
pairing represents individuals (numbers in parentheses 
indicate sample size) . 

Years O- Reunite O Re-pair % Divorce 





three unsuccessful pairs did both sexes return, but this is 

due more to the low rate of nest failure in 1994 rather than 

to non-return of reproductively unsuccessful individuals. 

When the sampling years w e r e  pooled, previously unsuccessful 

individuals were as likely to reunite with their former 

partners (66%) as were successful individuals (71%) . 

Intrayear mate and site fidelity - Renesting attempts 
following nest failure were infrequent in the Churchill 

study area. The major cause of nest failure was predation 

(mainly from red fox Vulpes vulpes and Herring Gulls L a r u s  

argentatus), although two nests in 1994 failed due to 

abandonment by adults (causes unknown) and two were lost  to 

high tides. In 1994 nest success was very high (79.6%), and 

on ly  one renesting attempt was recorded; in 1995 five 

renesting attempts were recorded. For those pairs which 

renested, predation of the original attempt occurred 1.5 to 

12 days ( a  =5 -75  days, S E d . 4 3 )  after nest initiation, and 

the last egg was laid for the second nest 10 to 13 days ( r  

d0.58, SE=0.49) latet. In al1 six instances, there was no 

change in mate between the original nest and the renest in 

the same year. The distance moved between the original and 
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second nest cups was low ( n  =37. O4m, SE-7.75) . and was not 
significantly different from pairs that reunited between 

years (Mann-Whitney U test, U=37.5, P=0.45) . 

Effect of mate change on subsequent nest initiation date and 

nest success - In 1994, the date of nest initiation was not 
significantly different between reunited pairs and those 

which had changed mates and fonned a new pair bond (re- 

pairing and divorce combined, Table 9) . In 1995, those 

individuals that reunited with their mate of the previous 

year nested significantly earlier than those fozming a pair 

bond with a new individual. Although the range in 

initiation dates was similar for the two years, the mean 

nest initiation date w a s  three days earlier i n  1994 ( 2  = day 

161.4, SD=2.86) than in 1995 (a = day 164.4, SD=2.52) . In 

1994 the weather at the beginning of the nesting period was 

extremely f avourable, with above 0°C temperatures consistent 

after day 146 (Fig 2). In 1995 the weather was not more 

variable during the nest init iation period (days 145 t o  165; 

F=1.09, P=0.85), but above zero daily means were not 

consistent until after day 151. Similar to above, in 1994 

those individuals which had kept their mate of the previous 
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Table 9. Date of nest initiation (day of year) for Semipalmated Plovers which reunited or 
changed mates in successive years. Change of mate could occur through re-pairing or 
divorce. 

Year of nesting Pairing Status P' 

Reuni te Change mate 

'significance tested using Student's t-test, ns = not significant 
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Figure 2 .  Daily mean temperatures in Churchill, Manitoba f o r  
1994 and 1995. Measurements were taken at the Churchill 
Weather Office and were supplied by the Atmospheric 
Environment Service of Enviromtent Canada. Daily mean 
represents the arithmetic mean of daily maximum and daily 
minimum temperatures (day 135 = 15 May in each year) 



year were no more successful than those with novel mates, 

but in 1995 reunited pairs had higher nesting success than 

individuals with a new mate, although this trend was only 

marginally signif icant (Table 10 . 

Relative quality of pre- and post-divorce s i tes  and mates - 

Semipalmated Plovers breeding at Churchill were sexed on the 

basis of plumage colouration and body s ize;  females were 

larger than males and male plumage was darker than that of 

females (Table 11). For those birds that were known to have 

divorced, the difference in quality between the previous and 

current mate and nest site were compared. For neithet males 

nor females was there any significant difference in the body 

condition or plumage colouration between the mate prior to 

and following a divorce (Table 12). In addition, the 

characteristics of a nest site did not di f fer  significantly 

for either males or females in the year following a divorce 

(Table 13) . 



Table 10. Effect of new pair bond on subsequent success- 
Change of mate could occur through either te-pairing or 
divorce. Some individuals banded in 1993 returned in 1994 
and 1995; they are represented more than once as an 
individual's pairing status was independent of year 
(P>O - 0 5 )  . 

Year of Pairing Status Nest Outcome P* 
Nesting 

Success Failure 

1994 Reunite 4 

Change Mate 15 

1995 Reunite 10 

Change Mate 11 

'significance tested using Fisher's exact one-tailed test 



Table 11. Average body size and plumage characteristics for adult male and female 
Semipalmated Plovers. 

Characteristic Male Female 

SE n SE n 

tarsus (mm) 

wing chord (mm) 

mas8 : tarsus 

b1ack:total 
culmen length (mm) 

supercilium 
length (mm) 

black crown 
depth (mm) 

# brown feathers 
in breast 

# brown feathers 
in crown 
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Table 13. Comparison of nest site characteristics of (1) male nest site in first and 
second years (old site - new site; male divorce) and (2) female nest site in first and 
second years (old site - new site; female divorce). For nesting area mean and SE, n=18. 

Site R (SE) ' Male divorce Female divorce 
Characteristic 

R (SE) dif ference P' n R (SE) dif  ference P n 
in character in character 

Horizontal 
visibility (%)  

Distance to 27.3 (6.3) -26.4 (15.4) 0.16 5 -27.0 (13.3) 0.13 4 
f oraging 
area (m) 

* significance tested using two-tailed paired t-test 



Returning to a breeding area is presumed to be 

advantageous in terms of familiarity with food and mate 

availability, territory acquisition, and predator avoidance 

(Greenwood and Harvey 1982) . However, if many related 

individuals repeatedly return to the same area, there is a 

possibility of inbreeding in the population. Inbreeding is 

generally assumed to be hannful (Greenwood and Harvey 1982, 

Shields 1983). and in an avian population with a relatively 

high rate of adult philopatry, avoidance of inbreeding is 

mainly achieved through natal dispersal (Greenwood and 

Harvey 1982) . If adult philopatry is male-biased, natal 

philopatry may be similarly male biased; if only males are 

close relatives, inbreeding will be reduced. 

In the case of the population of Semipalmated Plovers 1 

studied, adult philopatry is not male biased, and is 

relatively high. An overall adult return rate of 45% ( 6 0  of 

132 marked birds returned; Table 1) must be considered a 

minimum survival rate for this species. Several closely 

related species have annual adult mortality rates of 

approximately 45% (Little Ringed Plover (C.  dubius), Ringed 
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Plover (C. hiaticula) , Kentish Plover (C, alexandrinus) ; 

Boyd 1962). These mortality rates are calculated as the 

number of individuals that return in year i that were known 

to be present  in year i - i (Smith and Houghton 1984) , and 

they presuppose a strong tenacity to the breeding area. 

These estimates are supported by a study of the fidelity of 

adult Semipalmated Plovers to a fa11 migration stopover area 

which also indicated an annual mortality rate of 44%. 

although the authors estimated a lower rate of mortality 

(30%) when band loss and reduced search effort were 

accounted for. With these mortality rates, it appears that 

the majority of adult Semipalmated Plovers in m y  study that 

survive return to the Churchill area in successive years to 

breed. With this relatively high rate of adult return, the 

low rate of natal philopatly that 1 found is predicted f r o m  

the mode1 of Greenwood and Harvey (19821, although a high 

rate of juvenile mortality cannot be wcluded as a 

contributing factor to low natal return. 

Although the ultimate cause of natal dispersal may be 

inbreeding avoidance, several proximate causes have been 

proposed by others. One explanation for a low rate of 

juvenile return i n  shorebirds is saturation OF the breeding 
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territories with established conspecifics (Groen 19931. 1 

find this hypothesis unlikely in Churchill, as some sizeable 

areas occupied by successful pairs in one year were not 

utilized the next. anâ therefore the study area did not 

appear saturated. Soikkeli (1967) argued that changes in 

the climate of central and northern Europe contributed to 

lower winter mortality of Dunlin, and that milder spring and 

fa11 weather can account for the o b s e m d  expansion of the 

breeding range of this species in Finland. He aalo clairned 

that when adult philopatry was high. colonization of new 

breeding grounds was most likely by birds breeding for the 

first time. 

If juvenile mortality is high and first year 

individuals are no more likely to return to their  natal area 

than to any other area with suitable habitat, 1 would expect 

a low rate of juvenile return to my study area. Although 

posthatch mortality is difficult to observe in precocial 

species, data from the 1995 breeding season in Churchill 

suggest that juvenile survival from hatch to fledge is 

approximately 60% in Semipalmated Plovers (B. Nol unpubl. 

data) . In other shorebirds, juvenile survival from hatch to 

fledge can range from 39-42% in Snowy Plovers 
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(C, alexandrinus nivosus, Warriner et al. 1986) to 64% in 

Dualin (Soikkeli 1967), to 82% in Piping Plovers (Haig and 

Oring 1988) and 83% in Spotted Sandpipers (Reed and Oring 

-93) . As annual mortality is higher for  young, 

inexperienced individuals during their first migration and 

winter than it is for  adults (Kus et a2. 1984; Moore and 

Sandberg 19941, an expected return rate of 27% (hatch to 

f ledge survival x adult oveminter survival ; 0 - 60 x 0 -45  

for juvenile Semipalmated Plovers banded at hatch might be 

high . 

Many species of shorebirds exhibit rates of natal 

philopatry which are much lower than this, including 

Semipalmated Plovers (Appendix 2 ; Thompson et al. 19% ) . 

Several factors may have contributed to an underestimation 

of natal return in this  study. First, some juveniles banded 

in 1988 could have returned in succeeding years but not been 

observed as there was a gap in censusing from 1989-1991, 

although calculation of natal return for 1992-1995 only i s  

even lower ( O % ) ,  so this is unlikely to be a significant 

effect. Second, some shorebirds do not migrate north in 

their first spring, but instead oversumaer and begin 

breeding as two year olds (Thompson et al. 1994). Although 
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age at first breeding is not known for Semipalmated Plovers, 

two sister species have a median age of first breeding of 

one year (Ringed Plover, Pienkowski 1984; Piping Plover (C. 

melodus) , Wilcox 1959) . Even if Semipalmated Plovers do not 

begin breeding until age two, some birds that had hatched in 

1992 and 1993 should have been seen in 1994 and 1995 

respectively. 

Third, most population studies are necessarily 

conducted within a finite study area, and the longer the 

dispersal distance of a juvenile, the less likely that its 

breeding site will fa11 within the study area (Baker et al. 

1995). My study area was bounded to the north by Hudson Bay 

and to the south by bog and boreal forest, both considered 

unsuitable nesting and foraging habitat for Semipalmated 

Plovers. Dispersal would therefore take place primarily in 

an east/west direction. The maximum observed interyear nest 

site distance moved by an adult Semipalmated Plover was 

1.9 km; almost al1 possible movements of less than 2 km 

would result in dispersal ta a censused area. Although the 

study area was restricted ta a coastal strip, movements 

greater than a few kilometers would be more likely to go 

undetected, and a juvenile need not disperse much farther 
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than an adult to be missed in censusing. Of the three 

possible explanations for the low rate of natal retuni, high 

juvenile mortality and dispersal from the study area are 

likely the most influential in my study. 

In Semipalmated Plovers, both parents desert the brood 

before fledging is complete, and juveniles f lock together 

before migrating (B. Nol, unpubl. data). It is not known 

whether the fa11 migration, ovemintering, and spring 

migration occur in family groups, but it appears unlikely. 

Spring migration flocks may consist of both experienced and 

novel breeders; if the adults are retuming to a known area 

to breed, the first year individuals migrating with them may 

breed there as well. While not familias with the area, the 

n e w  individuals would at least be assured that both suitable 

breeding habitat and potential mates are present. 

Recruitment into the Semipalmated Plover population at 

Churchill is therefore likely by first time breeders, but 

not necessarily those hatched in the area. 

An advantage of returning to a site would be 

familiarity with the area in tems of food resources and 

protection f r o m  predators. When breeding for the first 

time, an individual w i l l  only be familiar with areas it 
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occupied as a juvenile, and the further it breeds from its 

natal site, the fewer advantages there will be as a result 

of familiarity. Pot Ringed Plovers breeding in Scotland, 

chicks generally moved no farther than 4 km from their nest 

site during the f ledging period (Jackson 1994) . In the 

following year, 78.9% of those chicks that returned nested 

less than 4 )cm from their natal site. 

In Churchill, Semipalmated Plover chicks genetally 

moved less than 4 km from their nest site in the 35 days 

following hatch, although one was observed 9 km and another 

12.8 km away (E. Nol, unpubl . data) . For juveniles, it 

would seem that aay familiarity with areas further from the 

nest site must be gained after  fledging. Post-fledging 

dispersal may be highly advantageous in  migrants, as t i m e  

and energy constraints are likely lower at this time than in 

the following spring (Morton 1992). Habitat variables may 

also be more accurately assessed during the post-fledging 

period, especially in sub-arctic and arctic regions such as 

Churchill, where breeding areas are often covered by snow or 

water in  late May and early June when Semipalmated Plovers 

begin to arrive (pers. obs. ) . 



Adult  philopatry and site tenacity - The dispersal of 

offspring from their natal site is often explained as an 

inbreeding avoidance mechanism, even though direct evidence 

of inbreeding depression is limited in avian systems 

(Greenwood et a2 . 1978, van Noordwijk and Scharloo 1981, 

Shields 1982, Keller et al,  1994) . Inbreeding avoidance is 

further used as an explanation for sex differences in adult 

dispersal, even though it does not provide much insight into 

the direction of the bias. If inbreeding avoidance is the 

only mechanism maintaining dispersal in juveniles and 

adults, then the sex subject to the highest costs of 

inbreeding should be the most likely to disperse. In 

polygarnous mating systems these costs may Vary, but in 

monogamous species, inbreeding costs should be relatively 

similar for males and females (Greenwood 1980) , 

Bxcept for the Anatidae (which generally have a mate- 

defense mating system), in most avian species exhibiting a 

monogamous mating system males defend a resource important 

to the acquisition of a mate. If familiarity with a 

breeding site aids in acquisition, then the costs of male 

dispersal should be fairly high, and female biased dispersal 

should be the n o m  (Greenwood 1980, Greenwood and Harvey 
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1982) . In this way sa-biased philopatry is a mechanism fo r  

inbreeding avoidance, and the direction of the bias is 

detennined by the mating system (Redmond and Jenni 1982). 

Adult Semipalmated Plovers retumed to the Churchill 

study area at rates similar to other socially monogamous 

shorebirds (Appendix 3 ) .  These studies support Greenwoodys 

hypothesis of female biased dispersal, although many report 

no significant difference in return rates between the sexes 

(but see Miller 1977, Skeel 1983). A sexual bias not large 

enough to be seen in return rates of Semipalmated Plovers 

was observed in the distance moved between successive nest  

sites. A number of other studies have also found a male 

bias in nest site tenacity but not philopatry for monogamous 

shorebirds with a male resource defence system (Holmes 1971, 

Gratto et al. 1985, Haig and Oring 1988) . In these species, 

females that took a new mate (either through re-pairing or 

divorce) dispersed significantly farther than males, even 

though they retumed to the general area at similar rates. 

Oring and Lank (1982) suggest that this greater female 

movement is caused by usurpation of previous breeding areas 

and mates by other females. They recognize that this  

ursurpation may also apply to males, but propose that while 
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retutning males may face one aggressor on a f orner 

territory, females may face two residents: their former 

partner and an ursurping fernale. This may be one explanation 

for the male bias in site tenacity but not philopatry in 

Semipalmated Plovers , because although males and f emales 

appeared ta arrive at the Churchill study area at the same 

time, males were obsenred on the breeding territories before 

females. 

In cases where breeding areas are unstable or disturbed 

between years, both males and females may not have an 

opportunity to return to a study area or previous breeding 

site in successive years. In addition, the m u e  of 

territory familiarity diminishes with an increase in the 

alteration of the site (Jackson 1994). Although the nesting 

sites used by Semipalmated Plovers in the Churchill area 

were extremely stable from year to year, in two cases nest 

sites were heavily disturbed. Construction on grave1 roads 

around the Churchill Northern Studies Centre in the fa11 of 

1994 destroyed the nestcups and graded the surrounding area 

of two pairs of plovers. Although suitable undisturbed 

nesting substrate was available within a 300 m radius and 

traffic on the roads was no greater than before, none of the 
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four individuals w e r e  resighted in the study area in 1995. 

'Rao species of plovers habitually breed in unstable or 

unpredictable areas: Piping Plovers breed on ephemeral sand 

dunes (Haig and Oring 1988) and Ringed Plovers may breed on 

cropland (Jackson 1994). In these species, nest site 

destruction was followed by a higher dispersal frequency and 

greater dispersal distance the following year, but 

individuals were no less likely to return to the same 

general breeding area. In the case of Semipalmated Plovers, 

it is possible that when a traditionally stable nesting area 

is radically altered, normally philopatric and tenacious 

individuals will be tao disturbed to breed at any site 

within the study area. 

In a relatively stable environment, an individual may 

increase its chances of reproductive success if it returns 

to a site where it has previously bred successfully (Darley 

et al. 1977, Hamy et al. 1979, Gratto et al- 1985, 

Thompson et al. 1988, Jackson 1994). Few unsuccessful pairs 

of Semipalmated Plovers returned ta the study area, but t h i s  

was due mainly to the high rate of nest success in 1994. In 

my study, previous breeding success did not increase the 

probability of return, nor did it increase the level of site 
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tenacity in this  species. This appears to be consistent 

with results for only some shorebirds; in stable 

environments, previous success affects return rates or site 

tenacity in many shorebird species (Redmond and Jemi 1982, 

Gratto et al. 1985, Thompson et al .  1988, Groen 1993, Oring 

and Lank 1993, Jackson 1994) , but not in others (Gratto et 

al. 1985, Schamel and Tracy 1991, Jackson 1994) 

For species breeding in ephemeral or patchy habitats, 

the effect of success is similarly equivocal (Haig and Oring 

1988, Wiens and Cuthbert 1988, Jackson 1994) * One 

explanation for returning to a breeding territory despite 

previous failure there is that there may be a lack of 

suitable alternatives, either spatially or temporally. 

Another is that as the main cause of nest failure is 

predation, dispersal to a new territory may not decrease the 

chance of predation enough to balance the cost of 

unfamiliarity with the new site (Gratto et al. 1985) . In 

addition, Thompson and Hale (1989) suggest that greater 

philopatry or site tenacity in previously successful birds 

may be an artifact of better quality individuals having both 

higher breeding success and higher survival rates. 

Although only marginally significant, female 



Semipalmated Plovers that changed mates exhibited greater 

site tenacity if they had been successful than if they had 

been wisuccessful. Females of several species exhibit a 

greater tendency to move following reproductive failure 

(Rebond and Jenni 1982, Thontpson and Hale 1989) . A 

tendency for female-biased dispersa1 following an 

unsuccessful nesting attempt is not surprising in a species 

exhibiting male resource-defence. If there are benefits to 

site tenacity and costs of dispersa1 are high, these costs 

would be greater for males, who should be less likely to 

move regardless of reproductive success. 

Since male Semipalmated Plovers exhibited nest site 

tenacity regarèless of pairing status, females would only 

reunite with their previous mate if they also exhibited high 

site tenacity. In this way, site tenacity is thought to 

promote mate fidelity in  many migratory species (Soikkeli 

1967, Morse and Rress 1984, Gratto et al. 1985, Bradley et 

al. 1990, Jackson 1994). If the breeding range or suitable 

breeding habitat covers a relatively large geographical area 

(as is the case for Semipalmated Plovers), strong breeding 

site tenacity by both sexes would increase the opportunity 

for mate fidelity. When males and females arrive on the 
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breeding grounds synchronously, it can be difficult to 

determine whether or not a return to a former site is simply 

a consequence of pairing with a former mate. merimental 

destruction of burrows in Leach's Storm-Petrels revealed 

that mate fidelity was rare when individuals did not have 

their former burrow as a comon reference site (Morse and 

Kress 1984). Another study showed that pair bond renewal in 

shags (Phalacrocorax aristotelis)  was dependent on the 

female1s ability to locate the male on the breeding grounds, 

and that this was a function of how far the male had moved 

(Aebischer et al. 1999, indicating that mate retention is 

indeed strongly site dependent. 

Mate fidelity - In many species of long-lived monogamous 

birds, both members of a breeding pair are likely to survive 

to the next season and the same individuals will often 

reunite with each other in successive seasons (Coulson 1966, 

Brooke 1978, Bradley et al. 1990). In these cases, 

biparental care is common, and CO-operation between the 

breeding partners can have considerable influence on the 

reproductive success of the pair. An increase in the 

reproductive success of a pair can be attributed to a 
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combination of increased age and breeding experience of each 

individual, as well as increased duration of the pair bond 

(Coulson 1966, Bradley et al. 1990). 

In shorter-lived migratory species the annual mottality 

rate is generaïly higher, and therefore both members of a 

pair are less likely to survive to the next breeding season. 

However , in many species, including Semipalmated Plovers , 

when both membets of a pair are found in the same study area 

the following year, they are more likely to reunite tban 

divorce, Studies of this phenomenon have shown that when 

both members of a pair return, the rate of reunion was 67% 

in Semipalmated Plovers (this study) , 62% in Western 

Sandpipers (Holmes 1971) , 72% in Dunlin (Soikkeli 1967) , 81% 

in Semipalmated Sandpipers (Gratto et al. 1985) , 95% in 

Willets (Howe 1982) , and 100% in Stilt Sandpipers (Jehl 

1973). Several of these authors suggested that a high rate 

of mate fidelity reflects strong site tenacity, and that the 

adaptive significance is that individuals are more familiar 

with their territories and mates, facilitating pair 

formation and nesting. A study of Caspian Terns reported 

that winter stoms and fluctuating water levels result in a 

low interyear stability of the nesting habitat of this 
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species. The author suggested that the low annual rate of 

mate retention (25%) in this species was due to an inability 

of pairs to return to their previous nesting site (Cuthbert 

1985) . 

If individuals generally reunite with their previous 

mates, there must be some advantage to doing so. R o w l e y  

(1983) argued that advantages can include facilitation of 

pair bond formation leading to earlier nest initiation and 

increased hatching success, and a certainty that both 

members will have at least sorne breeding experience. 

Coulson (1966) found that in Kittiwake Gulls, a change of 

mate led to a later date of nest initiation. This was true 

even of experienced individuals breeding with novel but 

equally experienced mates, so the delay in laying was not 

due to the lack of cumulative breeding experience. A change 

of mate in kittiwakes also resulted in lower fledging 

success. This effect was found in individuals that changed 

mates because their former partner was not present as well 

as those individuals which divorced; lower success therefore 

appears (at least in this species) to be a result of the 

change of mate and not a function of the method of change. 

Dunlin that retained their previous mates nested 
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earlier and had greater sumival of chicks after hatch than 

did pairs that changed mates (Soikkeli 1967). Short-tailed 

Shearwaters had a decrease in hatch success with novel mates 

(Bradley et a l .  1990 ) , and in one of four years , reunited 

Semipalmated Sandpiper pairs nested significantly earlier 

than remated or divorced pairs (Gratto et al 1985) . 

In my study, reunited pairs of Semipalmated Plovers had 

earlier nest initiation and higher hatching success in  1995 

but not in 1994. Some studies have found that low mean 

temperatures or high variability in the weather at the 

breeding grounds can delay nest initiation (Soikkeli 1 9 6 7 ,  

Cowardin et al. 1985, North and Ryan 1988) ; this might 

further retard pair formation between unfamiliar 

individuals. Mean daily temperatures at Churchill were 

generally higher in 1994 from time of arriva1 through the 

laying period, but the weather during this  time was not any 

less variable in 1994 than in 1995, 

Soikkeli (1967) noted that in Pinland, there was a 

distinct rise in mean daily temperature of 609°C a few days 

before the commencement of egg-laying. In 1994, the mean 

day of the start of egg-laying at Churchill was day 156 for 

both reunited pairs and new mate pairs. Prior to  that, 
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there were five consecutive days of mean temperatures 

greater than SOC. Sn 1995, of the five days prior to 

commencement of egg-laying in reunited pairs (day 158) and 

new mate pairs (day 160.S), only one had a mean temperature 

greater than 5OC. It is possible that if the weather j u s t  

prior to egg-laying is favourable, there may be no delay in 

initiation for novel pairs of Semipalmated Plovers, and that 

a selective advantage to reunited pairs will only be 

apparent in years with less than optimal weather during the 

initiation period. 

Occasionally, Semipalmated Plover pairs which lost 

their nests early in the season renested with the same mate 

in the same area as the original nest. In these cases, an 

unsuccessful nesting attempt did not precipitate pair 

divorce or a decrease in site tenacity within a season. It 

has been suggested that intrayear mate fidelity provides for 

rapid renesting and higher reproductive success; individuals 

do not have to invest time in acquiring new sites and mates 

(Soikkeli 1967, Haig 1987) . Piping Plovers that retained 

their mates renested sooner and had higher hatching and 

fledging success than birds which chose new mates. In this 

species intrayear territory switching was common, likely due 
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to the creation of new territories because of storms and 

evaporation of lakes (Haig and Oring 1988). The frequency 

of mate change is also low in renesting Kentish Plovers in 

Hungary, although intrayear dispersal is high, possibly due 

to the ephemeral nature of the breeding sites (Szekely and 

Lessells 1993) . 

I suggest that intrayear site and mate retention in 

Semipalmated Plovers is obligatory, and reflects a shortage 

of time and lack of opportunities for acquisition of a new 

mate or site in the middle of the breeding season, Few 

unpaired males os females w e r e  observed on the breeding 

areas in Churchill after the first week of incubation, and 

as nest losses did not occur synchronously, thc opportunity 

for mate switching was low. It is difficult to assess 

whether suitable alternative nesting sites were available, 

but territories were not lost to storms or flooding, and no 

new suitable areas were created through evaporation of ponds 

or lakes, as was the case for the Piping Plovers. 

Divorce - Even though annual reuniting is conmon among 

Semipalmated Plovers nesting at Churchill, divorce does 

occur between almst one-third of al1 pairs in every year. 
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Given that, at least in some years, mate fidelity provides 

an advantage in terms of hatching success, it is interesting 

to examine the conditions under which both individuals of a 

p a i r  return to the breeding area but do not reunite. Some 

studies have suggested that when reproductive failure 

occurs, active pair-bond termination may be used to enhance 

future reproductive success. Divorce is more prevalent 

among pairs that were previously unsuccessful in Piping 

Plovers (Haig and Oring 1988 ; Wiens and Cuthbert 1 9 8 8 )  , 

Redshanks (Thompson et al. 19881, Short-tailed Shearwaters 

(Bradley et al. 1990), Kittiwake Gulls (Coulson 19661, and 

Maax Shearwaters (Brooke 1978) , 

In my study, there was no such tendency for 

unsuccessful pairs to divorce the following year, but as 

nesting success was very high in 1994, the sample s i z e  for 

unsuccessful nesting is too small for meaningful analysis. 

In one other study of sub-arctic breeding shorebirds, there 

was no effect of nesting success on subsequent mate fidelity 

(Semipalmated Sandpiper, Gratto et al. 1985) . It may be 

possible that in species with temporally constrained 

breeding seasans, an individual will return ta a previous 

mate if it is present regardless of prior success, as it 
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would at least be assured of some breeding experience and a 

certain level of compatability ( L e .  at least initiated a 

nest in the previous year) . 
A pair may not necessarily have had to experience 

breeding failure for divorce to be selectively advantageous 

if an individual can be assured that its new mate or site is 

of higher quality than its old one. Other than knowledge of 

previous reproductive success, morphological characteristics 

are a good measure of mate quality, because in an 

environment where time for mate assessment is brief, a 

choice must be made according to information which is 

instantly assessable (Sullivan 1994). Assessrnent of site 

quality is difficult, but horizontal visibility has been 

shown to be important for species with precocial young 

(Sullivan Blanken 1996) . 

Few studies have directly compared the pire- and post- 

divorce quality of mates and sites. Jones and Montgomerie 

(1991) found that interyear fidelity in Least Auklets was 

related to male, but not female ornamentation; males with 

larger facial plumes were more likely ta reunite than males 

with smaller plumes. They suggested that female auklets 

were divorcing males on the basis of plumage or some other 
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character with which plumage was associated, but the authors 

did not compare the relative improvement in a female1s 

choice of mate. Morse and mess (1984) reported that 

Leach's Storm-Petrels were more likely to divorce following 

expetimental burrow destruction between breeding seasons. 

However, this mainly indicates that mate retention is highly 

site-dependent, and does not necessarily signify that the 

new site is of higher quality than the old, undisturbed 

site. 

Semipalmated Plovers were not more likely to gain a 

mate or site of higher quality following a divorce. 

However, when bath individuals of a pair return to the 

breeding area, it is likely that reproductive decisions are 

made on the basis of current quality. Therefore a 

comparison of the pre-divorce mate or site in the previous 

year to the post-divorce mate or site in the current year 

may not be the most accurate indicator of relative 

improvement in quality. Although not available, an analysis 

of current quality of both pre- and post-divorce mates and 

sites might reveal an increase in quality. However, this 

seems unlikely as there was no detectable difference in the 

plumage or body condition of an individual from year to 
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year, nor did 1 observe much difference in the quality of 

site chosen by an individual between Yeats. 

In some species, pair divorce may be a tesult of 

differential arriva1 times on the breeding grounds (Soilckeli 

1967). Arriva1 of Semipalmated Plovers at Churchill 

appeared relatively synchronous, but as time between arriva1 

and laying of the first egg was relatively short, a delay in 

arrival of even a day or two by one partner could 

conceivably result in divorce of the pair. Waiting fo r  the 

potential non-return of a dead mate may mean lost  

opportunities for re-pairing, particularly in short-lived 

species (Rowley 1983). It is also possible that an 

individual may actively divorce to avoid reuniting with a 

mate that previously engaged in extra-pair copulations (male 

divorcing a f e u l e )  or withheld a portion of parental cate 

to become bigamous (f emale divorcing male; Linden 1991) . 

Although no incidences of bigamy were ever observed in 

Churchill, extra-pair copulations 

w e r e  seen on two occ$sions. The 

rigorous behavioural observations 

between banded individuals 
\ 

former could be tested by 

and the latter through 

genetic analysis of parental investment. 
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In the area around Churchill, Manitoba, the majority of 

adult Semipalmated Plovers that survived migration and 

overwinter returned to the area in successive years to 

breed. Greenwoodl s (1980) theozy of sex-biased dispersal 

states that in a species with a male resouîce detence mating 

system, dispersal should be female-biased. Similar to most 

monogamous shorebirds, there was no evidence for this in 

return rates of Semipalmated Plovers, although males did 

return at slightly higher rates. In his review of mating 

systems and dispersal, Greenwood did not make a distinction 

between philopatry and site tenacity. Indeed some of his 

examples of dispersal are given in tenns of territory-widths 

moved, a measurement often equated with site tenacity in the 

literature. On this scale, as with most other shorebirds, 

Semipalmated Plovers provide support for GreenwoodVs theory; 

male Semipalmated Plovers, whether with the same or a new 

mate, return to the same nest site in successive years, 

whereas females which re-pair or divorce disperse a 

significantly greater distance. Females, but not males, 

also have a tendency to move following reproductive failure. 
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Whether or not this movernent of female Semipalmated 

Plovers is due to the active choice of a new site or mate is 

difficult to determine f rom this study. Neither females nor 

males appeared to sigaificantly iniprove the quality of their 

site or mate following divorce, and my sample size was not 

large enough to discovet if either sex enhanced its 

reproductive success after divorce. Determination of the 

costs and benefits of both mate fidelity and divorce is 

needed for a full understanding of why divorce occurs; thiç 

may require experimental studies employing mate removal to 

create vacancies and increase intrasemial competition, 

reduction or enhancement of clutch size to alter perceived 

reproductive success, or manipulation of mate and/or site 

quality. This information is likely to be both species- 

specific and dependent on the particular life-history of the 

population (Choudhury 1995) . 

Information on site and mate fidelity in shorebirds is 

considerable, but due to the generally prohibitive cost of 

work in the North, most research to date has been on 

temperate nesting species. The sub-arctic breeding habitat 

of Semipalmated Plovers may impose additional temporal 

constrainta on reproductive decisions. In many species of 
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shorebirds, reproductive failure is associated with an 

increased rate of pair divorce as w e l l  as a decrease in site 

tenacity. The lack of this association in Semipalmated 

Plovers may be a result of temporal pressure; time between 

arriva1 and nest initiation is very short. Individuals may 

retum to a familiar territory rather than expend tirne 

establishing a novel one, and to a familiar mate as time for 

assessment of a n e w  one is limited. Mate quality may 

instead be improved through extra-pais copulations during 

the nest initiation period (Sullivan 1994) . 

Some research on shorebird site and mate fidelity has 

been initiated due to habitat loss or disturbance, and 

consequent decline of the populations concerned (Piping 

Plover, Baig and Oring 1 9 8 8 ,  Wiens and Cuthbert 1988; Black- 

tailed Godwit Limoça 1. limosa, Groen 1993; Lapwing V a n e l l u s  

vanel lus ,  Thompson et al. 1994). Although the breeding 

habitat of Semipalmated Plovers at Churchill, Manitoba is 

currently relatively stable, the additive stress of a large 

scale disturbance may be considerable when this species is 

already subject to temporal pressures. Disturbances such as 

l o s s  of migratory staging areas, climatic change, and 

development of northern natural resources are not 
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inconceivable. 

Studies of dispersal, such as this one, are important 

not onïy because they may allow us to predict some of the 

consequences of habitat change, but a lso  because they 

contribute to a greater understanding of the parameters that 

provide stimuli to and control of dispersal. This is 

fundamental to the definition of a population, and can 

influence a wide range of other research, including areas 

such as ecological genetics and speciation, evalution in 

Mendelian populations, and metapopulation dynamics. 



AEBISCHBR, N-J., G.R. POTTS AND J-C. COULSON. 1995. Site and 
mate fidelity of shags Phalacrocorax ar i s to te l i s  at t w o  
British colonies . Ibis 137 : 19  -28 , 

ALBERICOI J . A . R . ,  J . M .  REED ANJ3 L.W. ORING. 1992. Non-random 
philopatry of sibling Spotted Sandpipers Act i t i s  
macularia. Omis Scand. 23 : 504-508 . 

AMBRICAN ORNITEOLOGISTS1 =ON. 1983. Check-list of North 
American birds, 6th ed. Am. Ornithol. Union, 
Washington, D.C. 

BAKER, M., N. NüR AND G.R.  GEUPEL. 1995. Correcting biased 
estimates of dispersa1 and sunrival due to limiteci 
study area: Theory and an application using Wreritits. 
Condor 97563-674. 

BBLETSRY, L . D .  AND G.H. ORIANS . 1991. Effects of breeding 
experience and familiarity on site fidelity in female 
Red-winged Blackbirds. Ecology 7 2 : 7 8 7 - 7 9 6 .  

BOERELRBIDEI R.J. AND D.G. AINLEY. 1989. Age. resource 
availability, and breeding effort in Brandt's 
cormorant. Auk 106:389-401. 

BOYDI H. 1962. Mortality and fertility of Buropean 
charadrii. Ibis 104~368-387. 

BRADLEY, J . S . .  R-Dg WOOLER, 1.J. SKIRA AND D - L -  SERVENTY. 
1990. The influence of mate retention and divorce upon 
reproductive success in Short-tailed Shearwaters 
Puf f inus  tenuirostris. J. Anim. Ecoî. 59:487-496. 

BREIBHAGEN, T. 1989. Nesting biology and mating system in an 
alpine population of Tenainck s Stint  Calidris 
temminckii. Ibis l31:389-402. 



BRIDGES, L. 1994. Territory and mate fidelity in a migratory 
population of the Rufous Whistler Pachycephala 
rufiventris. Etini 94:156-165 . 

BROOKE, M. DE L. 1978. Some factors affecting the laying 
date, incubation and breeding success of the Manx 
Shearwater, Puffinus puffinus. J. Anim. Ecol. 47:477- 
495. 

CHOUDHURY, S. 1995. Divorce in birds: A review of the 
hypotheses . Anim. Behav. 50 : 413 -429. 

COLWELL, M.A. AND L.W. ORING. 1989. Return rates of prairie 
shorebirds: S e x  and species diffetences. Wader Study 
G~OUP Bull. 55:21-24. 

COLWELLI M.A., J.D, RBYNOLDSf C.L. GRATTO, D-SCHMEL AND 
D.M. TRACY. 1988. Phalarope philopatry. Pages 585-593 
in Acta XIX Congressus Internationalis Ornithologici 
(8.  Ouellet, Ed. ) . Ottawa, Ontario, 1986. National 
Museum of Natural Science, Ottawa. 

COULSON, J . C .  1966. The influence of the pair-bond and age 
on the breeding biology of the Kittiwake Gu11 Rissa 
tridactyla. J. Anim. Ecol. 35:269-279. 

COULSON, J. C. AND C. S . THOMAS . 1983 . Mate choice in the 
Kittiwake Gull. Pages 361-376 in Mate Choice (P. 
Bateson, Ed.) . Cambridge University Press, Cambridge. 

COWARDIN, L.M., D.S. GILMER AND C.W. SHZUFFBR. 1985. Mallard 
recruitment in the agricultural environment of North 
Dakota. Wildl. Monogr. 92:l-37. 

CUTHBERT, F.J. 1985. Mate retention in Caspian T e r n s .  Condor 
87 : 74-78. 

D?U&EY, LA., D.M. SCOTT AND N-K. TAYLOR. 1977. Effects of 
age, sex, and breeding success on site fidelity of Gray 
Catbirds. Bird-Banding 2:14S-151. 



DESROCHERS, A. AND R , D .  MAGRATH. 1993 . Environmental 
predictability and remating in guropean blackbirds. 
Behav. Ecol, 4 : 271-275. 

DHINDSA, M.S. AND DoAm BOAG. 1992 - Patterns of nest site, 
territory, and mate switching in Black-billed Magpies 
(Pica p i ca ) .  Can. J. 2001. 70:633-640. 

DHONDT, A.A. AND P. ADRUUNSEN. 1994. Causes and effects of 
divorce in the Blue Tit Parus caeruleus. 3. Anim. Bcol. 
63 ~979-987. 

ENS, B.J., U.N. SAFRfBL AND M.P. HARRIS- 1993. Divorce in 
the long- lived and monogamous oys tercatcher, Haematopus 
ostralegus: Incompatibility or choosing the better 
option? Aaim. Behav. 45:1199-1217. 

FORSLUND, P. AND K. LARSSON. 1991. The ef fect of mate change 
and new partnerls age on reproductive success i n  the 
Barnacle Goose, Branta leucopsis. Behav. Ecol. 2:116- 
122 . 

FOX, A.D . , R. KING AND J. WATKIN. 1992. Seasonal variation 
in weight, body measurements and condition of free- 
living teal. Bird Study 3953-62. 

GAINES, E.P. AND M.R. RYAN. 1988. Piping Plover habitat use 
and reproductive success in North Dakota. J. W i l d l .  
Manage. 52~266-273. 

GOWATY, P.A. AND D.W. MOCK. 1985. Avian Monogamy. 
Ornithological Monographs no. 37. American 
Ornithologists I Union, Washington, D . C . 

GRAmO, C.L. 1988. Natal philopatry, site tencaity and age 
of first bteeding of the Semipalmated Sandpiper. Wilson 
Bull. 100:660-663. 

GRA'ïïO,  C.L., R.I.G. MORRISON AND F. COOLtE. 1985. 
Philopatry, site tenacity, and mate fidelity in the 
Semipalmated Sandpiper. Auk 102 : 16-42. 



GRAUL, W.D. 1973.  Adaptive aspects of the Mountain Plover 
social system. Living Bird 12:69-94. 

GRERNWOOD, P.J. 1980. Mating systems, philopatry and 
dispetsal in birds and maamaials. Anim. Behav. 28:1140- 
1162.  

GREENWOOD, P.J. AND P.H. HARVBY. 1982 .  The natal and 
breeding dispersal of birds. Ann. R e v .  Ecol. Syst. 
1 3 : l - 2 1 .  

GREENWOOD, P . J . ,  P.H. HARVEY AND C.M. PERRINS. 1978. 
Inbreeding and dispersal in the Great T i t .  Nature 
2 7 1 ~ 5 2 - 5 3  

GROWI, N.M. 1993.  Breeding site tenacity and natal 
philopatry in the Black-tailed Godwit Limosa 1. limosa. 
Ardea 81:107-113.  

GROSSKOPF, G .  1959.  Zur Biologie des Rotschenkels Tringa t. 
totanus. as ci ted in Thompson et al. 1994. Age at f irst 
breeding, philopatry and breeding site-fidelity in the 
Lapwing V a n e l l u s  v a n e l l u s .  Ibis 136:474-484. 

GROSSKOPF, G .  1968. Die Vôge1 der Insel Wangerooge. as cited 
in Thompson et al. 1994. Age at first b r e e d i n g ,  
philopatry and breeding site-fidelity in  the Lapwing 
Vaneflus vanellus. Ibis 136:474-484. 

HARVEY, P. H., P .JI GREENWOOD AND C .M. PERRINS . 1979.  
Breeding area f idelity of Great Tits (Parus major) . J. 
Anim, Ecol. 4 8 ~ 3 0 5 - 3 1 3 .  

HAIG, S.M. 1987.  The population biology and life history 
patterns of the Piping P l o v e r .  Ph.D. dissertation, 
Univ. North Dakota, Grand Forks .  

HAIG, S.M. AND L.W. ORiNG. 1988 .  Mate, site, and territory 
fidelity in Piping Plovers. Auk 105:268-277.  

HALE, W.G. AND R . P .  ASHCROFT. 1 9 8 2 .  Pair formation and pair 
maintenance in the Redshank Tringa totanus. Ibis  
124:471-490.  



HELDT, R. 1966. Zur Brutbiologie des Alpenstrandlaufers 
C a i i d r i s  a lp ina schinzii. as cited in Thompson et al. 
1994. Age at first breeding, philopatry and breeding 
site-fidelity in the Lapwing Vanellus vanellus. Ibis 
136:474-484 . 

HILDBN, O. 1979. Territoriality and site tenacity of 
Temminckts Stint C a l i d r i s  tenrminckii. Omis Penn. 
56:56-74. 

HILDEN, O. AND S. WOLANTO. 1972. Breeding of the Red-necked 
Phalarope (Phalaropus l o b a t u s )  in Pinland. O m i s  Penn. 
49:57-75. 

HILL, G.E. 1991. Plumage coloration is a sexually selected 
indicator of male quality. Nature 350 :337-339. 

HOLLAND, P.K. AND D.W. YUDEN.  1991. Population dynamics of 
Common Sandpipers A c t i t i s  hypoleucos breeding along an 
upland river system. Bird Study 38:151-159. 

HOLMES, R.T. 1971. Density, habitat, and the mating system 
of the Western Sandpiper (Calidris m a u r i )  . Oecologia 
7:191-208. 

EIOWE, M.A. 1982. Social organization in a nesting population 
of Eastern Willets (Catoptrophorus  semipalma t u s )  . Auk 
99:88-102. 

JACKSON, D.B. 1994. Breeding dispersal and site-fidelity in 
three monogamous wader species in the Western Isles, 
U.K. Ibis 136:463-473. 

JEHL, J.R.JR. AND B.A. SMITH 1970. Birds of the Churchill 
region, Manitoba. Spec. Pub. No. 1. Manitoba Museum of 
Man and Nature, Winnipeg, Manitoba. 

JEHL, J.R.JR. 1973. Breeding biology and systematic 
relationships of the Stilt Sandpiper. Wilson Bull. 
85:115-147. 



JOHNSON, K.L. 1987. Wildflowers of Churchill and the Hudson 
Bay Region. Manitoba Museum of Man and Nature, 
Winnipeg, Man. Canada. 

JOHNSON, O .W., P .Ge CONNORS, P .Le BRUNBR AND J - L .  MARON. 
1993. Breeding ground fidelity and mate retention in 
the Pacific Golden-plover. Wilson Bull. 10560-67. 

JONAS, R. 1979. Brutbiologische Untersuchung~ an einer 
Population der Uf erschnepf e (Limosa limosa) . as ci t ed  
in Thompson et a ï .  1994. Age at first breeding, 
philopatry and breeding site-fidelity in the Lapwing 
V2U2eilus vaaellus. Ibis 136 : 474-484. 

JONES, I.L. AND R. MONTGOMERIE. 1991. Mating and remating of 
Least Auklets (Aethia pus i l la )  relative to ornamental 
traits. Behav, Ecol. 2~249-257. 

JONSSON, P.E. 1991. Reproduction and survival in a declining 
population of the Southern Duniin Calidris alpina 
schinzii . in Waders Breeding on Wet Grasslands (B. 
Hotker, Ed.) . Wader Study ~roup Bull. 61(Suppl.) : 5 6 - 6 8 .  

KELLER, L O F . ,  P. ARCESE, J.N.M. SMITH, W-Mt HOCHACHKA AND 
S .C. S-S. 1994. Selection against inbred Song 
Sparrows during a natural population bottleneck. Nature 
372 ~356-357. 

KUS, B-E., P. ASIMAN, G.W. PAGE AND L . E .  STENZEL. 1984. Age- 
related mortality in a wintering population of D u n l i n .  
A* 101:69-73. 

LEMEL, J. 1989. Body-mass dependent fledging order in the 
Great Tit. Auk 106:490-492. 

LENINGTON, S. AND T. MACB. 1975. Mate fidelity and nesting 
site tenacity in the Killdeer. Auk. 92:149-151. 

LINDEN, M. 1991. Divorce in Great Tits - chance or choice? 
An experimental approach. Am. Nat. 138:1039-1048. 



METCALFB, N. 1984. The effects of habitat on the vigilance 
of shorebirds : 1s visibility important? Rnim. Behav. 
32 : 981-985. 

MILLER, E. 1977. Breeding biology of the Least Sandpiper, 
C a l i d r i s  m i n u t i l l a  (Vieill, ) , on Sable Island, Nova 
Scotia . Ph .D , dissertation, Dahlousie Univ. , Halifax, 
Nova Scotia. 

MOORE, F.R. AND R. SANDBERG. 1994. Consequences of 
experience for migrating birds . Journal fur 
Ornithologie (selected contributions from the 21st IOC) 
August 1994. 

MORSE, D.H. AND S.W. KRESS. 1984. The effect of burrow loss 
on mate choice in the Leach's Storm-Petrel. Auk 
101:158-160. 

MORTON, M.L. 1992. Ef fects of sex and birth date on 
premigration biology, migration schedules, return rates 
and natal dispersal in the Mountain White-crowned 
Sparrow. Condor 94:117-133. 

NORFUS, K.J. 1990. Female chioce and the qulity of parental 
care in the Great Tit Parus major. Behav. Ecol. 
Sociobiol, 27 :275-281. 

NORTH, M.R. AM3 M.R. RYAN. 1988. Yellow-billed Loon, Gavia 
adamsii, breeding chronology and reproductive success 
in arctic Alaska. Can. Field Nat. 102:485-490. 

ORBLL, M., S . RYTKOENEN AND K. ROIVULA. 1994 . Causes of 
divorce in the monogamous Willow Tit, Parus montanus, 
and consequences for reproductive success. Anim. Behav. 
48 : 1143 -1154. 

ORING, L.W. AND D,B. LANK, 1982. Sexual selection, arriva1 
times, philopatry and site fidelity in the polyandrous 
Spotted Sandpiper. Behav. Ecol. Sociobiol. 10:185-191. 

ORING, L .W. , D .B. LANK AND S .  J. MAXSON. 1983. Population 
studies of the polyandrous Spotted Sandpiper. Auk 
100~272-285. 



PARR, R. 1980. Population study of Golden Plover Pluv ia l i s  
apricaria. Omis Scand. 11 : 179-189 .  

PARR, R. 1992. The decline to extinction of a population of 
Golden Plover in north-east Scotland. O m i s  Scand. 
23 : 152 -158 . 

PIBNROWSKI, M.W. 1984, Behaviour of young Ringed Plovers 
Charadrius hiaticula and its relationship to growth and 
survival to reproductive age. I b i s  126:133-155. 

REDMOND, R.L. AND D.A. JENNI. 1982. Natal philopatry and 
breeding area fidelity of Long-billed Curlews (Numenius 
americanus) : Patterns and evolutionary consequences. 
Behav. Ecol, Sociobiol, 10~277-279. 

REDMOND, R . L ,  AND D.A. JENNI.  1986. Population ecology of 
the Long-billed Curlew (Numenius americanus) in wes t e m  
Idaho . Auk 103 : 755-767 .  

R E D ,  J.M. AND L.W. ORING, 1993. Philopatry, site fidelity, 
dispersal, and survival of Spotted Sandpipers. Auk 
110 : 541-551, 

REYNOLDS, J . D .  AND F. COOKE. 1988. The influence of mating 
systems on philopatry: A test with polyandrous Red- 
necked Phalaropes. Anime Behav. 36:1788-1795. 

R Z m R ,  H . ,  A. OPPLIGER AND P. CHRISTE. 1993 . Rf fect of an 
ectoparasite on reproduction in Great T i t s .  J. Anim 
Bco~. 62~703-710. 

RIPPEN ARMSTRONG, A.  AND K. NOL. 1993. Spacing behavior and 
reproductive ecology of the Semipalmated Plover at 
Churchill, Manitoba. Wilson Bull. 105 : 455 -464. 

RITTINGHAUS, H. 1956. Untersuchungen am Seeregenpfeifer 
(Charadrius alexaodrims L. ) auf der Insel Oldeoog. as 
cited in Thompson et al. 1994. Age at f irst breeding, 
philopatry and breeding site-fidelity in the Lapwing 
Vanellus vanellus. Ibis 136:474-484. 



ROWLEY, 1. 1983. Re-mating in birds. Pages 331-360 in Mate 
Choice (P. Bateson, Ed.) . Cambridge University Press, 
Cambridge. 

SAS. 1985. SAS user's guide. Version 5 edition. SAS 
Institute, Cary, North Carolina. 

SCHAMEL, D. AND D.M. TRACY. 1991. B r e e d i n g  site fidelity and 
natal philopatry in the sex role-reversed Red and Red- 
necked Phalaropes. J. F i e l d  Ornithol. 62:390-398. 

SHIELDS, W . M .  1983. Optimal inbreeding and the evolution of 
philopatry. P a g e s  132-159 in The Bcology of Animal 
Movement (1. R . Swingland and P. J . Greenwood, Eds . 1 . 
Clarendon Press, Oxford. 

SKBEL, M.A. 1983. Nesting success, density, philopatry, and 
nest-site selection of the Whimbrel (Nrunenius phaeopus) 
in different habitats. Can, S .  2001. 61:218-225. 

StAGSVOLD, T. AND S .  DALE. 1994. Why do female Pied 
Flycatchers mate with already mated males: Deception or 
restricted mate sampling? Behav. Ecol. Sociobiol. 
34:239-250 . 

SMITH, P.W. AND N.T. HOWGHTûN. 1984. Fidelity of 
Semipalmated Plovers to a migration stopover area. J. 
Field Ornithol. 55 : 247-249 

SOIKKBLI, M. 1967. Breeding cycle and population dynamics of 
the Dunlin (Calidris alpina) . Ann. Zoo1 . Fenn. 44: 158- 
198. 

SOIKKBLI, M. 1970a. Dispersal of Dunlin Calidris alpina in 
relation to sites of birth and breeding. O m i s  Fenn. 
47:l-9. 

SOIKKELI, M. 1970b. Mortality and reproductive rate in a 
Finnish population of Ounlin Calidris alpina.  Omis 
Fenn. 47:149-158. 



SULLIVAN, M.S. 1994. Mate choice as an information gathering 
process under time constraint: Implications for 
behaviour and signal design. Anim. Behav. 47:141-151. 

SOuIVAN BUUTKEN, M. 1996. Egg and clutch-size variability 
and parental behaviour in the Semipalmated Plover 
(Charadrius semipalmatus) at Churchill, Manitoba, 
Canada. M.Sc. dissertation. Trent Univ., Peterborough, 
Ontario . 

SZEKELY, T. AND C.M. LESSELLS, 1993. Mate change by Kentish 
Plovers Charadrius alexandrinus. Omis Scand. 24~317- 
322. 

THOMPSON, P.S. AND W.G. HALE. 1989. Breeding site fidelity 
and natal philopatry in the Redshank Tringa totanus . 
Ibis 131:214-224. 

THOMPSON, P. S . , D . BAINKS , J. C. COüLSON AND G .  LONGRIGG. 
1994. Age at first breeding, philopatry and breeding 
site-fidelity in the Lapwing Vanellus v a n e l l u s .  Ibis 
136~474-484. 

THOMPSON, D. B .A. , P. S. THOMPSON AND D . NETHERSOLE-THOMPSON. 
1988. Fidelity and philopatry in breeding Redshanks 
( T r i a g a  totanus) and Greenshanks (T. nebularia) . Pages 
563-574 in Acta XIX Congressus Internationalis 
Ornithologici (H. Ouellet, Ed. ) . Ottawa, Ontario, 1986. 
National Museum of Natural Science, Ottawa. 

VAN NOORDWIJK, A. J. AND W. SCIIARLOO . 1981. Inbreeding in an 
island population of the Great Tit . Evolution 35 : 674- 
688. 

WIENS, T.P. AND F.J. CUTHBERT. 1988. Nest-site tenacity and 
mate retention of the Piping Plover. Wilson Bull. 
100 : 545-553. 

WILCOX, L. 1959. A twenty year study of the Piping Plover. 
Auk 76:129-152. 



Appendix 1. Regression equation (R2=0. 8 6 )  for estimating 
hatch date of a Semipahnated Plover nest from egg specific 
gravity (S. Board, unpubl . data) . 

Index of specific gravity of an egg: 

ma88 

ISG = 

(length) (width) 

Estimation of hatch date for a nest: 

mean ISG = 4 . 3 8  + 0.0261 days to hatch 

SE=0.013 



Appendix 2. Return rates of juvenile shorebirds (Charadriiformes) to the area in which 
they were banded. Al1 studies are of three or more years duration (after Thompson et al. 
1994). 

Species Number Nurnber Percent Source 
banded returned returned 

Charadrius hiat icula  

Ce melodus 

C .  alexandrinus 

C .  montanus 

Ce semipalma t u s  

Pl uv ia l i s  apricaria 

Vanell u s  vanellus 

Pienkowski 1984 

Wilcox 1959 

Haig and Oring 1988 

Rittinghaus 1956 

Grau1 1973 

This atudy 

Parr 1980, 1992 

Thompson et al. 1994 

Thompson e t  al. 1994 

Gratto 1988 

Holmes 1971 

Hilden 1979 

Breiehagen 1989 



Limosa limosa 

Numenius phaeopus 

N. americanus 

448 16 3.6 Heldt 1966 

511 57 11.2 Soikkeli 1970 

144 24 16.7 Jonsson 1991 

243 O O Jonas 1979 

135 2 1.5 Skeel 1983 

270 11 4.1 Redmond and Jenni 1982, 
1986 

Tringa totanus 754 24 3.2 Grosskopf 1959, 1968 

A c t i  tis hypoleucos 457 19 4.2 Holland and Yalden 1991 

A. macularia 
a 

256 27 10.5 Oring et al. 1983 

263 44 16.7 Alberico et al. 1992 

Phalaropus tri color 149 10 6 , 7  Colwell et al. 1988 

P. lobatus 108 10 9.3 Hilden and Vuolanto 1972 

555 28 5 ,O  Reynolds and Cooke 1988 

323 32 9 . 9  Schamel and Tracy 1991 

chicks banded as fledglings 



Appendix 3. Return r a t e s  of socially monogamous adult shorebirds (Charadriiformes) to the 
area i n  which they were banded in the year fo l lowing  banding. 

Species %Re turn n Ref erence 

Femal e Male 

Charadri us melodus 

C. semipalma tus 

Vanell us vanell us 

Numenius phaeopus 

N. americanus 

Tringa totanus 

Calidris himan topus 

C. alpina 

C. pusilla 

C. mauri 

C. minutilla 

Haig and Oring 1988 

This study 

Thompson et al. 1994 

Skeel 1983 

Redmond and Jenni 1982 

Grosskopf 1959 

Jehl 1973 

Soikkeli 1970a, 1970b 

Gratto et al. 1985 

Holmes 1971 

Miller 1977 




