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Current knowledge of the breeding biology of Snowy 
Plovers (Charadrius alexandrinus) in North America 
is primarily confined to studies of their reproductive 
success (Boyd 1972; Page et al. 1983, 1985; Paton and 
Edwards 1990; Paton 1994) mating system (Boyd 1972, 
Warriner et al. 1986), dispersal (Stenzel et al., in press), 
and distribution (Page et al. 199 1). Snowy Plover pop- 
ulations breeding along the Pacific Coast-were recently 
listed as threatened bv the U.S. Fish and Wildlife Ser- 
vice in April 1993 (Federal Register 1992) yet there 
are no quantitative survival estimates available for this 
species. 

Page et al. (1983) and Warriner et al. (1986) calcu- 
lated minimum annual survival estimates of 0.743 and 
0.752, respectively, based on the subsequent resight- 
ings of banded adult Snowy Plovers in coastal Cali- 
fornia. However, those rates probably underestimated 
actual annual survival rates because they were not based 
on capture-recapture models, such as a Jolly-Seber 
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modeling approach (Jolly 1965, Seber 1965). Jolly-Se- 
ber models use resightings to estimate survival prob- 
abilities for birds that were not resighted but were ac- 
tually still alive. The purpose of this paper is to 
determine annual survival estimates for Snowy Plovers 
at Great Salt Lake, Utah, using a hierarchical modeling 
approach recently developed by Lebreton et al. (1992). 

METHODS 
The study was conducted at eight sites at Great Salt 
Lake, Utah, from 1990 to 1993: Locomotive Springs 
Waterfowl Management Area (WMA) (41”41’N, 
112”55’W); Harold-Crane WMA (41”20’N; 112”08’W); 
the West Warren area of Harold Crane WMA (4 lo1 8’N. 
112Q8’W); the northwest comer of Ogden Bay WMA 
(41”14’N, 112°14’W);HowardSlo~ghWMA(41”09’N, 
112Q9’W). West Lavton Marsh (41”02’N. 112”05’W). 
Farmington Bay WMA (40”55’N,- 11 l”55’w) and 2 km 
northeast of Saltair Beach (40”46’N, 112”08’W) (Paton 
1994). Fieldwork was centered at two focal sites, How- 
ard Slough WMA and West Layton marsh. Focal sites 
were surveyed 2-3 times per week from 1 April to 3 1 
August, with one observer in 1990 and two observers 
from 199 1 to 1993. The other six sites were visited l- 
4 times per month. 

Incubating birds were trapped with a circular funnel 
trap (Lessells 1984); others were captured 0.1-l km 



SHORT COMMUNICATIONS 1107 

TABLE 1. Capture history matrix for Snowy Plovers 
at Great Salt Lake, Utah from 1990-1993. 

Capture histow Adult males Adult females lmmatures 

1000 9 18 58 
1001 2 ; 2 

1010 1011 :, 4 :, 
1100 12 2 
1101 4 2 0 
1110 6 2 1 
1111 4 4 0 
0100 37 48 21 
0101 4 7 0 
0110 15 11 3 
0111 12 8 0 
0010 31 44 74 
0011 32 30 9 

= Capture or resighting = 1, no capture or r&&tins = 0. 

away from nests by herding birds into two mist nets 
staked together to form a “V.” Capture technique did 
not significantly affect resighting probabilities for fe- 
males (61/l 12 caught on nests were subsequently re- 
sighted versus 12/25 in mist nets [G* = 0.34, P= 0.561) 
or males (42/60 from nests were resighted versus 29/ 
57 from nets [G2 = 3.52, P = 0.0611) (see Paton 1994). 
Adults were sexed based on plumage characteristics, 
whereas nestlings and juveniles (hereafter immatures) 
could not be sexed (Warriner et al. 1986). Plovers were 
individually marked with four color-bands, two on each 
tarsometatarsus (Page et al. 1983). Nestlings were 
banded with a single U.S. Fish and Wildlife Service 
(USFWS) band, with two narrow strips of automobile 
pin-striping tape unique for each brood soldered over 
the band. Fledglings had a USFWS band plus one col- 
or-band. 

MARK-RECAPTURE ANALYSIS 

I used a Jolly-Seber modeling approach (Jolly 1965, 
Seber 1965) following methodology outlined in Lebre- 

TABLE 3. Annual survival and resighting probabil- 
ities for Snowy Plovers at Great Salt Lake. Parameter 
estimates were based on the most parsimonious Jolly- 
Seber model, which found that survival rates were time- 
dependent and resighting probabilities were sex-spe- 
cific (see Table 2). 

Age/sex YearS Estimate SE 95% CI 

Survival rates 
Adults 1990- 

1991 
Adults 1991- 

1992 
Adults 1992- 

1993 
Immatures pooled 

Resighting rates 
Adult males pooled 
Adult females pooled 
Immatures pooled 

0.880 0.076 0.640-0.968 

0.578 0.050 0.4784.672 

0.732 0.071 0.573-0.848 

0.385 0.304 0.048-0.885 

0.675 0.06 1 0.547-0.78 1 
0.518 0.050 0.420-0.615 
0.213 0.171 O.O3u:666 

ton et al. (1992) to calculate annual survival estimates. 
I first performed a goodness-of-fit test for the initial 
model, S,, P, (i.e., survival (S) rates and resighting (P) 
were both time (t) dependent), using Tests 2 and 3 from 
Program RELEASE (Bumham et al. 1987). I assumed 
that resightings were equivalent to recaptures. These 
two tests examined the assumptions that birds released 
on different occasions had equivalent survival and re- 
sighting probabilities and whether or not sparse data 
could be pooled for further analyses (see Bumham et 
al. 1987, Lebreton et al. 1992 for further details). I then 
used Program SURGE (Lebreton et al. 1992) for model 
fitting and calculating likelihood ratio tests. Model se- 
lection was based on Akaike’s Information Criterion 
(AIC), which was calculated from the maximum log- 
likelihood plus the model’s number of estimable pa- 
rameters. The model with the lowest AIC was then 
selected as the best fitting CJS model, because AIC 
provides an unbiased criterion for model selection (Le- 

TABLE 2. Potential annual survival rate models for adult Snowy Plovers at Great Salt Lake. 

s, p 
S,, P 
S, P, 
S,, P, 

S:, ;,p’ s, 
S,, P, 
S,, P, 
S, P,X, 
S,, P,X, 
S,, P,X, 
S P,X, 1x1, 

2 815.62 
3 813.64 
3 809.74 
4 809.44 
4 805.04 

4 5 814.82 803.50 
5 798.96 
5 812.86 
7 807.04 

796.96 
! 807.03 

10 794.24 

819.62 
819.64 
815.74 
817.44 
813.04 
822.82 
813.50 
808.96 
822.86 
821.04 
812.96 
823.03 
814.24 

Constant S and P 
Sex differences in S, constant P 
Constant S, time effect on P 
Sex differences in S and P 
Time effect on S, constant P 
Constant S, time effect on P 
Time effect on S and P 
Time effect on S, sex differences in P 
Sex difference in S, time effect on P 
Constant S, time/sex interaction on P 
Time effect on S, time/sex interaction on P 
Sex differences in S, time/sex interaction on P 
Time/sex interaction on S and P 

a Model notation: S = survival probability, P = resighting probabiity, s = sex, t = time, x = interaction term. 
* Number of estimable parameters. 
( L = IikeIiiood iimction. 
d Akaike’s Information Criterion = 2np + -2 In L. 
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breton et al. 1992). Potential survival models exam- 
ined included 13 combinations of sex, time, and sex 
by time interaction terms for survival probabilities (S) 
and resighting probabilities (P). Annual survival esti- 
mates were calculated separately for immatures (< 1 
year old) and adults (2 1 year old). 

RESULTS 

I used the capture history data for 532 Snowy Plovers 
( 162 adult males, 199 adult females, and 17 1 immature 
nlovers) to determine annual survival (S) and resight- 
Fng (P) probabilities for birds breeding in northern Utah 
(Table 1). The goodness-of-fit test for the Jolly-Seber 
model (S,, P,) (i.e., survival and resighting probabilities 
were time-dependent) was not rejected (Program RE- 
LEASE Test 2 + Test 3 [Bumham et al. 19871: x2 = 
11.4, P = 0.18). Therefore, the data were appropriate 
for a Jolly-Seber modeling approach based on thegood- 
ness-of-fit test results. 

Of the 13 survival models tested. one model (S,, P.) 
clearly had the smallest AIC (Table 2). This model 
postulated that survival rates were time-dependent and 
resighting rates were sex-specific. Based on this model, 
survival rates tended to be relatively high during the 
winters 1990-1991 and 1992-1993, and low in the 
winter of 1991-1992 (Table 3). The best estimate for 
the average annual survival probability for an adult 
plover, 0.687, was determined using the Jolly-Seber 
model (S, P,; i.e., a model with constant survival and 
sex-snecific resighting probabilities). 

Males had a significantly higher probability of being 
resighted than females (Table 3). Given this mean 
overall survival estimate, mean life expectancy for an 
adult plover (i.e., 2 1 year old, Warriner et al. 1986) 
was 2.7 years. Few resightings of immature plovers 
resulted in imprecise survival estimates, resulting in 
large confidence intervals around the mean survival 
estimate of 0.385 (Table 3). 

DISCUSSION 

(0.752; Warriner et al. 1986). However, annual vari- 

Snowy Plovers breeding at Great Salt Lake are migra- 

ation in survival estimates at Great Salt Lake (0.578- 

tory and winter around the Gulf of California and the 
west coast of Baja California (G. Page, M. Stem, and 
P. Paton, unpubl. data). The mean survival estimate I 
calculated for adult plovers in northern Utah (0.687) 
was lower than a minimum survival estimate for a 
population of Snowy Plovers consisting of both mi- 
gratory and resident individuals in coastal California 

differentiate between permanent emigration and in- 
creased mortality. It is possible that the low survival 
estimates for the winter of 1991-1992 were due to 
permanent emigration from Great Salt Lake, rather 
than higher mortality rates. Therefore, if permanent 
emigration was a relatively common event for Snowy 
Plovers at Great Salt Lake, then the survival estimates 
presented here underestimate true survival rates. Giv- 
en the long-distance intra- and inter-year movements 
patterns documented for this species (Stenzel et al., in 
press), it is quite possible that permanent emigration 
is a likely event for plovers breeding at Great Salt Lake. 

There were not enough resightings of immature plo- 
vers (both nestlings and fledglings) at Great Salt Lake 
to accurately estimate survival for that cohort. The 
only other published juvenile survival estimate comes 
from Page et al. (1983) who subsequently resighted 9 
of 14 (64.3%) fledglings banded in coastal California. 
The estimate by Page et al. (1983) was based on fledg- 
lings; therefore, it was higher than the survival estimate 
that I calculated for immature plovers (i.e., both chicks 
and fledglings combined) in Utah. However, survival 
estimates for immature plovers were lower in Califor- 
nia than Utah. Page et al. (1983) estimated a fledging 
rate of0.546 chicks per successful brood at Mono Lake, 
with 50°h of raising 2 1 chick. Therefore, a crude es- 
timate for immature survival rates for California plo- 
vers would be 0.175 (0.5 x 0.643 x 0.546) versus 
0,385 for this study. Because variations in immature 
survival estimates can have dramatic impacts on es- 
timates of the finite rate of population change, it would 
be helpful to gather more data to obtain a better esti- 
mate of immature Snowy Plovers survival rates in 
western North America. 

As with Piping Plovers in the Great Plains (Root et 
al. 1992, Ryan et al. 1993) little is known about mor- 
tality factors for immature and adult Snowy Plovers at 

affecting Snowy Plover survival rates, especially in light 

Great Salt Lake. I only observed a source of juvenile 

of their recent 

mortality once, when an American Kestrel (Falco 

listina 

sparverius) captured a two-week old chick. Red foxes 

as 

(Vulpes vulpes) and Northern Harriers (Circus cyaneus) 

a 

were other common, potential predators for juveniles 

threatened 

in northern Utah (Paton, pers. observ.). In addition, 

species. 

Peregrine Falcons (Falco peregrinus) have been re-in- 
traduced to northern Utah by the Division of Wildlife, 
using a series of 10 hack towers around Great Salt Lake. 
The remains of several adult Snowy Plovers have been 
found at the base of these towers (Don Paul, Utah 
Division of Wildlife Resources, pers. comm.). Obvi- 
ously, much more needs to be learned about the factors 

0.880; Table 3) encompassed the coastal California 
estimate. The average survival estimate for Snowy 
Plovers at Great Salk Lake was similar to a Jolly-Seber 
survival estimate for a migratory population of Piping 
Plovers (Charadrius melodus) nesting in North Dakota 
(0.664; Root et al. 1992). 

Root et al. (1992) found that annual survival prob- 
abilities for Piping Plovers fluctuated somewhat dra- 
matically between years, although there was not sig- 
nificant annual variation due to large confidence 
intervals around yearly estimates. I also found that 
survival probabilities varied annually, but I could not 
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THE SPUR-WINGED PLOVER (VANELLUS SPZNOSUS) IS A 
DETERMINATE EGG LAYER’ 

hNAYOGEVANDYORAh4 YOM-Tov 
Department of Zoology, Tel Aviv University, Tel Aviv 69978, Israel 

Key words: Spur-winged Plover; Vanellus spinosus; 
Charadriidae; determinate layer. 

Birds can be categorized according to whether their 
clutch size can be altered by addition or removal of 
eggs during laying (indeterminate and determinate egg 
lavers. respectivelv: Cole 19 17, Kennedv 1991). We 
report a series of experiments that describes the Spur- 
winged Plover (Vanellus spinosus) as a determinate 
layer. 

The Spur-winged Plover is the most abundant res- 
ident plover in Israel, where it resides throughout the 
Mediterranean region of the country. This species is 

I Received 12 April 1994. Accepted 28 July 1994. 

monogamic, and both members of the pair take equal 
share in nesting activities. Eggs are laid in a shallow 
depression in the ground, surrounded by small stones 
which the parents bring during the incubation period. 
Like most temperate zone Charadrii, most (60%) 
clutches of this species have four eggs (mean 3.4; SD 
= 0.84: n = 632). laid at about two day intervals (Yogev 
1993).A population of this species was studied in kib- 
butz Giv’ at Hawim (32”23’N. 34”55’E) during the 
breeding seasons (March-September) of’ 1989-i992, 
and experiments to determine whether the Spur-winged 
Plover is a determinate or indeterminate egg layer were 
conducted during 1990. One egg per nest was added 
or removed after the second, third, or fourth egg was 
laid in a nest, either on the day of laying or on the next 
day. The added eggs were taken from other nests in 
the vicinity. Although Kennedy (199 I) and Haywood 


