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SURVIVORSHIP, BREEDING DISPERSAL AND MATE FIDELITY IN 
EASTERN KINGBIRDS 

MICHAEL T. MURPHY 
Department of Biology, Hartwick College, Oneonta, NY 13820 

Abstract. I measured annual survivorship, breeding dispersal and mate/site fidelity in a 
color-banded population of Eastern Kingbirds (Tyrannus tyrannus) breeding in central New 
York from 1989 through 1994. I also sought to identify the factors that led to breeding 
dispersal and to test whether breeding philopatry was based on site or mate fidelity. Sur- 
vivorship of males did not differ between the first (0.64) and all subsequent years of banding 
(0.73), and overall, males returned at a higher rate than females. Female survival in the first 
year following banding (0.68) exceeded that for all subsequent years (0.51). The difference 
between the sexes and between banding classes of females may be related to high costs of 
reproduction in older females. Breeding-site fidelity was very high (96% and 72.5% of males 
and females, respectively, reused former territories), but females dispersed significantly 
farther than males between breeding seasons. Site fidelity of males was not reduced signif- 
icantly by poor nest success in the past year, and was independent of whether or not the 
female returned to breed. Females often dispersed between seasons after nest failures, but 
were even more likely to move if the male failed to return. Furthermore, 86.5% of pairs 
reunited when both partners were known to have returned from migration. Female philopatry 
thus seemed to be influenced heavily by mate fidelity. Females that renested with a former 
mate advanced their breeding date by about four days for every year of experience together, 
but they did not lay larger clutches or fledge more broods than females that nested with a 
new male. Reunited pairs thus made a rapid transition from migration to egg-laying. 

Key words: breeding dispersal; divorce; mate choice; mate and site fidelity; survivorship; 
Tyrannus tyrannus. 

INTRODUCTION 

Mortality and dispersal are fundamental ele- 
ments of a species’ life history that often differ 
between the sexes (Greenwood 1980, Breitwisch 
1989). In most species of birds males must de- 
fend a territory to breed (e.g., Arcese 1987, Ens 
et al. 1993). Young males may often disperse 
only until an open territory is found (Beletsky 
and Orians 1993) and older males move infre- 
quently (Part 1995). The reluctance of older males 
to move stems presumably from the uncertainty, 
delay and energetic expense of finding and then 
establishing a new territory (Temeles 1994, Part 
1995). Females are seemingly less constrained 
and usually disperse farther and more frequently 
than males, possibly to avoid incestuous matings 
or as a tactical decision to find the best possible 
mate and/or territory (Ore11 et al. 1994). 

Although widespread, the above generaliza- 
tions are not without exception. Males in some 
bird species show lower or at least no higher site 
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fidelity than females (Brooke 1979, Weatherhead 
and Boak 1986, Bollinger and Gavin 1989, 
Bensch and Hasselquist 199 l), and dispersal may 
even be male-biased (Brooke 1979, Bensch and 
Hasselquist 199 1, Caffrey 1992, Alonso and 
Alonso 1992). For the most part we are ignorant 
of why species differ in their degree of site and/ 
or mate fidelity, or why sex-biased dispersal ex- 
ists in some species but not others. 

Attachment to former breeding sites is prob- 
ably beneficial because individuals learn the lo- 
cations of important resources (food, nest sites 
and materials) and probable locations of pred- 
ators. Among males, it may also improve their 
chances of maintaining a breeding territory (Part 
1995). However, in many species, the costs to a 
female for remaining faithful to a site apparently 
outweigh the benefits, and divorce (the failure of 
a former breeding pair to reunite when both re- 
turn to the breeding ground) is common. Female 
birds are far more likely than males to divorce 
their mate (e.g., Ens et al. 1993, Dhondt and 
Adriaensen 1994), and the choice may be based 
on either incompatibility with the male or the 
existence of a higher quality male or territory 
elsewhere. In other species, individuals may be 
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favored as mates regardless of past success be- 
cause of the advantages of reuniting with a for- 
mer mate (e.g., earlier breeding, larger clutch size 
or higher nest success; Newton and Marquiss 
1982, Coulson and Thomas 1983, Rowley 1983, 
Korpimaki 1988, Bradley et al. 1990,Orell et al. 
1994). One indication that divorce may be adap- 
tive is the dispersal of females from a site after 
nest failure (Darley et al. 1977, Shields 1984, Part 
and Gustafsson 1989, Beletsky and Orians 199 1, 
Hepp and Kennamer 1992, Newton 1993; but 
see Ore11 et al. 1994). Such observations, al- 
though valuable, do not however answer the 
question of whether the decision to disperse was 
based on deficiencies in the male partner or the 
territory. 

In this report I describe the results of an on- 
going study that measures survivorship, dispers- 
al and mate/site fidelity in Eastern Kingbirds 
(Tvrunnus tyrunnus). Kingbirds are interconti- 
nental, neotropical migrants that breed monog- 
amously, lay a clutch of three or four eggs and 
raise a single brood per year (Murphy 1983a, 
1986; Blancher and Robertson 1985). Anecdotal 
observations suggest that kingbirds are site faith- 
ful (Bent 1942, Davis 1955) and Blancher and 
Robertson (198 5) concluded that site fidelity in 
kingbirds might be based on previous breeding 
performance. However, Blancher and Robertson 
(1985) could not separate site- and individual- 
effects because most birds were not color-band- 
ed. Using observations of color-marked individ- 
uals over a six-year period, I document survi- 
vorship and the proximate causes of dispersal, 
assess whether breeding site fidelity is based on 
attachment to the site or mate, and test for ad- 
vantages to reunification of pairs. 

STUDY AREA AND METHODS 

In 1989, I established a study site centered on 
Charlotte Creek in Delaware County, New York 
(42”78’N, 74”53’W). Charlotte Creek is a slow- 
moving, meandering stream with a rich riparian 
habitat dominated by hornbeam (Carpinus car- 
oliniana) and hawthorns (Crataegus spp.). King- 
birds often nest in trees over water (Davis 19 55, 
Blancher and Robertson 1985) in orchards, 
hedgerows (Bent 1942) or in isolated trees in 
fields (Murphy 198 3b), all of which are abundant 
throughout the valley. My study area extends 
from (roughly) West Davenport (42”27’N, 
74”57’W) to 4 km east of Davenport (42”28’N, 
74”5O’W) and includes all the habitat along Char- 

lotte Creek and in between the two roads that 
run parallel on either side of the creek (Charlotte 
Creek Road and Route 23). The main study area 
is roughly 1 km x 20 km. Additional areas of 
excellent habitat along side roads that run per- 
pendicular to Charlotte Creek and Route 23 were 
included in the study area. I expanded the study 
in 1990 to include a second site that was located 
15 km away and just north of the city of Oneonta, 
Otsego County, New York (42”28’N, 75”03’W). 
The Oneonta study sites is best characterized as 
upland habitat. All territories at this site were 
located in open fields with scattered trees, and 
with only a few exceptions, none of the territories 
were located near bodies of water. 

In mid to late May of every year I began to 
census habitats and former territories for retum- 
ing adults. Identification of individuals was based 
on sightings of color bands. My assistants (2 to 
4 per year) and I used 10 x 25 binoculars and 
spotting scopes to determine color-band com- 
binations (see below). In the last three years of 
the study I also searched habitats along side roads 
just off the study area to check for dispersal of 
banded birds. Once nests were located I docu- 
mented laying date, clutch size, egg masses, 
hatching and fledging success, and size of the 
nestlings at fledging (see Murphy 1983a, 1986 
for more complete descriptions of methods). 
Kingbird nest height varied between 1 m to over 
20 m high in trees, but most were located be- 
tween 3 and 5 m (Murphy 1983b, unpubl. data). 
I checked most nests by either climbing the tree 
or using ladders, and banded and measured young 
in accessible nests within one day of day 13 of 
the nestling period. I also attempted to capture 
adults at nests during the latter half of the nestling 
period using mist nets whenever nests were low 
(5 5 m). Adults were banded with an aluminum 
U.S. Fish and Wildlife Service band and a unique 
combination of three plastic colored legbands. I 
then measured body mass (0.1 g with a 50 g 
Pesola scale), bill and tarsometatarsus lengths 
(0.05 mm using dial calipers) and unflattened 
wing chord length (0.5 mm using a flat-ended 15 
cm ruler) of each bird. Although individuals could 
not be aged, I sexed birds based on dimorphism 
in the 9th and 10th primaries (Pyle et al. 1987) 
and wing chord length. 

DATA ANALYSIS 

I classified all nests that fledged at least one nest- 
ling as successful. Likewise, all adults that were 
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resighted, regardless of whether or not I found 
their nests, were considered to have returned from 
the past breeding season. To obtain a first ap- 
proximation of survivorship I divided the num- 
ber of birds marked in year X which returned to 
breed in year X + 1 by the total number of 
marked adults alive in year X. I also produced 
an approximate survivorship curve for each sex 
by treating the year of banding as year 0 and 
converting the number of adults banded each 
year to an initial population size of 1000. I then 
averaged the number of individuals to return 
from each cohort in the first year after banding 
(=year 1) to determine survivorship over the first 
year of banding. This included all birds banded 
from 1989 through 1993. To determine survi- 
vorship from year 1 to year 2, I excluded those 
birds banded in 1993 (because they did not yet 
have a second year of potential survival), and 
then averaged the number of birds alive for the 
four cohorts banded from 1989-1992. Identical 
procedures were followed to measure survivor- 
ship for each successive year (Fig. 1). This mea- 
sure of return rate does not take recapture effi- 
ciency (Lebreton et al. 1992) into account and 
thus generally underestimates true survivorship. 
The data were thus reanalyzed using RELEASE 
to test for goodness-of-fit to the Cormack-Jolly- 
Seber model using results of Test 2 and Test 3 
(Bumham et al. 1987). Program SURGE (Le- 
breton et al. 1992) was then used for selection 
of the best model and to compute maximum 
likelihood estimates of survival and recapture 
probability. Model selection was important be- 
cause sex and year were possibly varying factors. 
An artificial dummy age variable was also ex- 
amined, where age was modeled as two age class- 
es: (1) the first year following banding, and (2) 
all subsequent years. The best model was chosen 
based on Akaike’s Information Criterion (Akaike 
1973) and standard likelihood ratio tests follow- 
ing methods described by Lebreton et al. (1992). 
Analyses were performed in collaboration with 
T. E. Martin and J.-D. Lebreton. 

I measured breeding dispersal as the shortest 
distance between nest sites in consecutive years. 
For nest locations that were within sight of one 
another I paced or estimated distance to the near- 
est 25 m. Locations of other nests were plotted 
on U.S. Geological Survey topographic maps and 
the shortest distance between nests measured. I 
then grouped dispersal distances into the follow- 
ing categories: 125 m, 26-50 m, 51-75 m, 76- 
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FIGURE 1. Survivorship curves for male (solid 
points) and female (open circles) Eastern Kingbirds 
breeding in the Charlotte Valley from 1989 through 
1994. All birds were banded as adults at unknown ages. 
Hence, the minimum age for the oldest bird in the 
sample was six years. See Methods for a description of 
how the curve was generated. 

100 m, 101-150 m, 151-200 m, 201-300 m, 
301-500 m, 501-1000 m, 1001-2000 m and >2 
km. Male and female dispersal behavior were 
compared by classifying each individual as hav- 
ing returned to (a) the territory it used the past 
year, (b) an adjacent, neighboring territory, or (c) 
a territory with one or more territories between 
it and its previous territory (a distant territory). 
Both measures of dispersal behavior, plus ad- 
ditional behaviors, were compared between the 
sexes or between birds with failed or successful 
nests using contingency table analyses and 
G-tests. I also examined the possible benefits of 
pairs renesting by comparing breeding perfor- 
mance (i.e., timing of breeding, clutch size, and 
nest success) of pairs that were known to have 
bred previously with pairs breeding together for 
the first time. I did not compare productivity 
(fledglings/year) because brood sizes were ma- 
nipulated in all years of study. Brood size sub- 
stantially affects feeding rates in kingbirds (Rosa 
and Murphy 1994) and may influence survivor- 
ship if parental behavior carries a cost. But, for 
the purposes of describing average survivorship, 
I assumed that the effect of enlarging or reducing 
the size of some broods canceled one another. 
Because of annual variation in timing of breeding 
I standardized first egg date for each nest to the 
population mean for first nests in each year by 
subtracting the mean laying date for the popu- 
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FIGURE 2. Maximum likelihood estimates of adult 
survivorship for male and female Eastern Kingbirds 
for the first year their banding (open circle) and for all 
subsequent years (solid dot). Vertical bars indicate t2 
standard errors. 

lation from all clutch initiation dates. Repeat- 
ability (Falconer 198 1) for female breeding date 
and clutch size were measured using correlation 
analysis between each trait in consecutive years. 
Further tests are described in the Results. All 
claims of significance assume P < 0.05. 

RESULTS 

SURVIVORSHIP 

Survivorship, based on return rate and calculated 
by dividing the number of birds that returned to 
breed by the total number of possible returns, 
was 69.0% (98/142) for males and 54.3% (75/ 
138) for females. The difference was statistically 
significant (G = 5.201, df = 1, P < 0.02). Return 
rates of the sexes over the first year of banding 
were similar, but in the remaining years males 
exhibited higher survivorship (Fig. 1). 

The maximum likelihood estimates of survi- 
vorship yielded very similar results. Of the 54 
males banded prior to 1993, only one (2%) dis- 
appeared and then reappeared in a later year. 
Five ofthe 6 1 females (8.2%) banded before 1993 
disappeared for one or more years before later 
being recorded as breeding. Recapture probabil- 
ity of males (0.98, SE = 0.022) derived from the 
Lebreton et al. (1992) survivorship model was 
significantly higher than that of females (0.77, 
SE = 0.074). Annual survival rates, corrected for 
differences in probability of recapture, were cal- 

culated for both sexes for (a) the year between 
the summer of banding and the next summer, 
and (b) all subsequent years that the bird was 
known to be present. Male (0.64) and female 
(0.68) survivorship did not differ in the year fol- 
lowing banding, but males (0.73) survived at a 
significantly higher rate than females (0.51) in 
subsequent years (Fig. 2). Male survivorship did 
not differ between year classes (Fig. 2), but fe- 
males survived better in the year following their 
initial year of banding than in subsequent years 
(Fig. 2). 
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FIGURE 3. Dispersal patterns of adult male and fe- 
male Eastern Kingbirds. Dispersal refers to breeding 
dispersal, i.e., movement between breeding sites in 
consecutive years, and is represented as either move- 
ments among territories (upper figure) or into distance 
classes (e.g., within 0 to 50 m of last year’s nest site; 
lower figure). Numbers above bars give sample sizes. 
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TABLE 1. Responses of kingbirds to nest fate in the past year. Numbers (percentages in parentheses) indicate 
the number of male and female kingbirds that returned to the same territory, a different territory, or were never 
seen again in year X + 1 after their nest in year X either failed or fledged young successfully. 

Adult response Successful 

M&S 

Failed 

FCXKilW 

Successful Failed 

Return, same territory 73 (68.9) 19 (54.3) 47 (45.6) 6 (22.2) 
Return, new territory 4 (3.8) 1 (2.9) 10 (9.7) 4 (14.8) 
Never seen again 29 (27.4) 15 (42.9) 46 (44.7) 17 (63.0) 

DISPERSAL 

Males and females differed substantially in 
movement patterns between years. Based on the 
use of the same, neighboring or distant (i.e., at 
least one territory between former and present 
territory) territories, female kingbirds (n = 69) 
tended to move to a neighboring (6; 8.7%) or 
distant territory (13; 18.8%) more than males (G 
= 13.794, df = 2, P -c 0.005; corresponding per- 
centages for males are 4.2% and 3.1%, respec- 
tively; n = 96; Fig. 3). In accordance, males tend- 
ed to move shorter distances between nest sites 
in consecutive years (Fig. 3). Over 50% of males 
nested within 50 m of their former nest location 
compared to only 30% of females. Only 2.2% of 
males moved one or more km between nest lo- 
cations in consecutive years compared to 13.2% 
of females (Fig. 3). The greater fidelity of males 
to past breeding sites is further highlighted by 
their more frequent use of former nest trees. Al- 
though nest trees were seemingly abundant, new 
mates of 26.1% of returning males nested in the 
same tree used in the preceding year whereas only 
16.1% of females that reused their former ter- 
ritory rebuilt in the preceding year’s nest tree. 

FACTORS INFLUENCING THE 
DECISION TO RETURN 

I began my examination of the effect of past nest 
success on site fidelity by placing adults into one 
of three categories: (a) return to breed in the same 
territory, (b) return to breed in a different terri- 
tory or (c) non-return (i.e., not seen again). Be- 
cause studies of other species have shown that 
dispersal often follows nest failure, I used a one- 
tailed test to determine if nest failure led to dis- 
persal in kingbirds. Males that failed to fledge 
young were marginally less likely than successful 
breeders to return to the same territory (Table 1; 
G = 2.407, df = 1, P < 0.10; males that bred 
successfully were compared to all others). Nest 
fate had a much stronger influence on female 

behavior (Table 1). Females that failed to breed 
successfully were only half as likely to be seen 
on the same territory in the next year as were 
successful breeders (G = 5.157, df = 1, P < 0.01; 
females that bred successfully were compared to 
all others). To further examine the relationship 
between sex, nest success and breeding dispersal, 
I compared the behavior of males and females 
when nests either failed or fledged young. Fe- 
males changed territories (or were never seen 
again) 69.9% more often than males when their 
nest failed (G = 8.121, df = 2, P = 0.021) and 
74.4% more often after a success (G = 12.179, 
df = 2, P < 0.005). Females were thus always 
more likely to change territories. 

The results described above were based on all 
banded birds, regardless ofwhether or not a mate 
was banded. In order to examine the affects of 
the presence of a former mate and nest fate on 
the probability of reusing the past territory I re- 
stricted further analyses to 90 nests at which I 
had (a) banded both parents, (b) determined nest 
success, and (c) knew that at least one pair mem- 
ber had returned to breed in the following year. 
Pairs reformed 32 of the 37 times (86.5%) that 
both pair members were known to be alive. The 
five “divorces” all followed successful nests, 
whereas all five failed nesting attempts were fol- 
lowed by reunification of the pair. Four of the 
five divorces entailed the movement of females 
to new territories. Both males that dispersed to 
new territories had successfully fledged young in 
the past year. One of these males moved with 
his former mate to a neighboring territory. The 
other male moved without his former mate to a 
distant territory (> 1 km away) while she moved 
to an adjacent territory. Overall, 35 of 37 males 
reused their former territory (94.6%) when their 
former mate was alive compared to 33 of 37 
females (89.2%). 

Males returned to their former territory 36 of 
37 times (97.3%) when their former mate did not 
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FIGURE 4. The relationship between date of breed- 
ing (corrected for annual variation in the onset of 
breeding in the population) and number of years pairs 
were known to have bred together. Open circles indi- 
cate individual observations. Points have been offset 
slightly in order to minimize overlap and improve vi- 
sualization. The three solid points are mean values and 
the vertical bars represent t2 standard errors. A value 
of zero for Years of Breeding Together indicates that 
this was the pair’s first year together. 

return. The one movement followed a successful 
nest, whereas six failures were followed by reuse 
of the former territory. The tendency of a male 
to reuse his former territory was independent of 
whether or not his former mate returned (G = 
0.354, df = 1, P > 0.50). On 16 occasions only 
the female returned. Fourteen of the 16 females 
fledged young in the former year and 9 of the 14 
reused their former territory. The two failures, 
plus five successful nests, were followed by 

TABLE 2. Results of a multiple regression analysis 
that examined the relationship between timing of 
breeding and pairing patterns (i.e., number of years 
paired: 0, 1, or 2 2) in female Eastern Kingbirds. The 
analysis also controlled for repeatability (Falconer 198 1) 
in breeding date and number of years the bird was 
banded. t-values represent the significance of each vari- 
able when included in the full regression whereas R* 
indicates the amount of variation in timing of breeding 
that was accounted for by that variable as it entered 
the model in the sequence given in the table. 

Predictor variable r-value fp) R' 

Former breeding 
date 0.344 2.71 c.01) 0.265 

Years banded - 1.468 2.05 (.OSj 0.315 
Years paired -3.288 3.00 (.005) 0.438 

movement to a new territory. A comparison of 
the behavior of females when their former mate 
was known to have returned to the same territory 
(n = 35) and when she alone returned (n = 16) 
indicated that the presence of the male increased 
her chances of reusing the former territory (88.6% 
vs. 56.2%; G = 6.375, df = 1, P = 0.012). This 
conclusion is reinforced by a direct comparison 
of male and female reuse of former territories 
when (a) their partner returned, and (b) when 
they returned alone. Males and females behaved 
identically when their former mate returned (G 
= 1.463, df = 1, P > 0. lo), whereas females were 
more likely to disperse when her former mate 
was missing (G = 13.856, df = 1, P < 0.001). 

REPRODUCTIVE CONSEQUENCES OF 
PAIRING PATTERNS 

The significantly greater tendency of females to 
reuse territories if a former mate was present 
suggested that advantages accrue to those fe- 
males that renest with former mates. I therefore 
compared timing of breeding, clutch size and 
nest success among females that mated with ei- 
ther a new or former mate (one to two years of 
past experience). My analysis was restricted to 
banded females for which I had breeding data 
for at least two consecutive years, and for which 
I could establish (through banding) whether or 
not they paired with their former mate. Egg-lay- 
ing dates were correlated significantly in consec- 
utive years (r = 0.5 15, P < 0.001). In addition, 
females began to lay earlier as both the number 
of years mated to the same male (Fig. 4; r = 
-0.468, P < 0.005) and the number of years the 
female was banded increased (r = -0.36 1, P < 
0.05; df = 43 for all three correlations). Thus, 
early breeding was associated with early breeding 
in the past (i.e., repeatability for breeding date 
was high), pairing with a former mate, and num- 
ber of years banded. All three variables remained 
significant when tested in a multiple regression 
analysis (Table 2) and together they accounted 
for 44% of the variation in female breeding date 
(F = 10.67, df = 3, 41, P < 0.0001). After con- 
trolling for repeatability of date and number of 
years banded, pairing with a former mate, on 
average, advanced breeding date by about four 
days for each year ofexperience together. Wheth- 
er or not a female utilized the same territory had 
no influence on when she laid her eggs (P > 0.25 
in all multiple regression analyses). 

As an additional test of the significance of re- 
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nesting with a former mate, I expanded my anal- 
ysis to compare timing ofbreeding for all females 
known to have bred with different males in con- 
secutive years. Breeding date was not advanced 
in the second year for females breeding with dif- 
ferent males on either the same (paired t-test for 
between years comparison = 0.00, df = 11, P = 
1.0) or different (paired t-test = 0.22, df = 8, P 
= 0.93) territories. The results indicated that ex- 
perience with a particular male, rather than aging 
or familiarity with a territory, led to early egg- 
laying by females. 

Female clutch size also showed significant re- 
peatability between years (r = 0.452, P = 0.003), 
but neither number of years mated to a male (r 
= -0.041), number of years banded (r = 0.026), 
nor patterns of territory use (t = 1.41, P = 0.16) 
affected clutch size (clutch size of first nests of 
the season = 3.4 and 3.1 eggs on the same [34] 
vs. new [lo] territory, respectively; df = 42 for 
all tests). The latter conclusions held true when 
all four variables were analyzed using multiple 
regression (P = 0.008 for former clutch size, but 
P I 0.27 for the remaining variables). Finally, I 
tested the hypothesis that reuniting with the same 
male improved a female’s chances of breeding 
successfully by comparing nest success for fe- 
males that (a) bred on the territory in the pre- 
vious year, and (b) mated previously with the 
resident male. Contrary to predictions, the prob- 
ability of first nests producing young declined 
significantly as years of breeding experience to- 
gether increased (Fig. 5; females breeding for the 
first time with a male were compared to females 
that had bred previously with a male; G = 4.885, 
df = 1, P = 0.028). Experienced females (13 of 
15) were also no more likely to replace failed 
nesting attempts than were females with new 
mates (11 of 15; G = 0.846, df = 1, P > 0.30). 
Most failed nesting attempts were replaced, hence, 
overa!l success of new and experienced pairs did 
not differ over the season (Fig. 5; G = 0.48, P > 
0.40). 

DISCUSSION 

SURVIVORSHIP AND DISPERSAL 

Kingbird survivorship is noteworthy in two re- 
spects. First, male survival after the first year of 
banding (0.73) was at the maximum values re- 
corded for other small- to medium-sized birds 
breeding in temperate regions, and approached 
or exceeded that of many similar-sized tropical 
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FIGURE 5. Probability of nest success (successful 
nests fledged at least one nestling) versus number of 
years of experience a pair had breeding together. Solid 
bars represent first nests of the season and hatched bars 
represent the probability of whether or not a pair fledged 
young before the season ended (sample size = n). Data 
are for females and were limited to only those indi- 
viduals for which it was known whether or not they 
had bred on the territory in the past year, and whether 
they had bred previously with the male. 

species (I&r et al. 1990). Second, after the first 
year of banding males had significantly higher 
survivorship than females. These patterns were 
evident in both the direct survivorship mea- 
surements (Fig. 1) and the maximum likelihood 
estimates (Fig. 2). My survivorship estimates thus 
appear to be robust (especially for males), which 
is likely the result of the high site fidelity of king- 
birds, the use of color-bands to resight individ- 
uals, and my intensive recensusing of virtually 
all former breeding locations. Blancher and Rob- 
ertson’s (1985) survivorship estimates for male 
(42%, n = 12) and female (44%, n = 18) kingbirds 
in Ontario were lower. While possibly reflecting 
true population differences, the small number of 
birds banded in Ontario make comparisons dif- 
ficult because confidence limits around the re- 
ported values would be large (P. Blancher, pers. 
comm.). Comparisons to Karr et al.‘s (1990) data 
for temperate- and tropical species are also dif- 
ficult because the latter study’s estimates were 
based on recaptures rather than resightings, a 
method known to underestimate survivorship 
(Piper et al. 198 1, Elder 1985, Buckland et ai. 
1987). Thus, whether or not kingbirds show un- 
usually high survivorship awaits more compar- 
ative data from studies based on resightings of 
individually marked birds. 



SURVIVORSHIP AND DISPERSAL IN KINGBIRDS 89 

Return rates in the years after the initial year 
of banding are thought to better reflect true sur- 
vivorship (because handling may cause birds to 
disperse; Blancher and Robertson 198 5; Payne 
and Payne 1990; T. Martin, pers. comm.). In 
addition, individuals of both sexes (but especial- 
ly females) are less likely to disperse as they age 
(Ens et al. 1993, Newton 1993, Dhondt and Ad- 
riaensen 1994, Part 1995). Assuming kingbirds 
show similar patterns, females survived poorly 
compared to males after the second year of band- 
ing. Two possibilities might explain this finding. 
First, it may have been an artifact of the com- 
bination of (a) the higher probability of females 
reusing former territories after a successful nest, 
and (b) my failure to net and band many of the 
unbanded birds that did not fledge young. The 
other possibility is that as females aged, and re- 
productive value declined, they invested more 
in reproduction than males and experienced high 
mortality (e.g., Pugesek 198 1, Pugesek and Diem 
1990). 

Large differences in survivorship should have 
resulted in many males being unmated. In every 
year a few males did not obtain mates until after 
nests began to fail, suggesting that females moved 
in after a failure at her initial nesting attempt. 
The presence of a few unmated males is consis- 
tent with my finding that males were more likely 
to survive than females. Nonetheless, I suspect 
that females survivorship was underestimated by 
the current model because (a) females dispersed 
more than males and (b) the long, rectangular 
shape of the main study area increased the prob- 
ability of females moving permanently off the 
site. Given that the main study site was only one 
km wide, and that several females dispersed 2 
to 4 km between nest sites in consecutive years, 
some surviving females probably dispersed per- 
manently to distant sites where they went un- 
detected. I therefore suspect that older female 
survivorship was probably at least 60%. Still, 
higher female mortality is not uncommon in mo- 
nogamous songbirds (Payne and Payne 1990; re- 
viewed by Breitwisch 1989), and the greater mor- 
tality of female kingbirds may reflect greater pa- 
rental investment (Ma&ret and Murphy, un- 
publ.), or unknown events on the winter grounds. 

SITE AND MATE FIDELITY 

Males were exceptionally faithful to former 
breeding territories: the absence of a former mate 
had no influence on male dispersal, and failure 

to fledge young only marginally increased the 
probability of male dispersal. Indeed, the four 
males banded in 1989 (from the original 10) that 
were still alive in 1994 never moved from their 
original territory and often reused their former 
nest trees. Females were more likely to move 
between territories in successive years, but still, 
most returning females (72.5%) used their former 
territories and spent their entire known repro- 
ductive life at one site. For example, two females 
did not move from their territories for five and 
six years, respectively, and many females spent 
three or four years at one site. Based on a smaller 
sample, Blancher and Robertson (1985) also 
showed that female kingbirds were more likely 
to disperse than males, but they concluded that 
turnover of individuals on territories was high. 
Although the populations may have again dif- 
fered, my results suggest that territory turnover 
is low, and that site consistency in breeding per- 
formance cannot be assessed without analyzing 
individual performance by marked individuals. 

The greater dispersal distances of females is 
typical of birds (see Introduction) and needs no 
further discussion. Males dispersed so infre- 
quently that I cannot speculate as to the circum- 
stances surrounding their movements. Hence, my 
discussion of site fidelity is based on decisions 
made by females to either return and nest with 
a former mate on their old territory, or to move 
to a new territory and breed with a new male. 
Selection should favor dispersal by females after 
nest failures if by moving they improve their 
chances of success, and indeed, female kingbirds 
did move more often after a failure (for other 
species see Thompson and Nolan 1973, Darley 
et al. 1977, Nolan 1978, Shields 1984, Drilling 
and Thompson 1988, Part and Gustafsson 1989, 
Beletsky and Orians 199 1, Hepp and Kennamer 
1992, Newton 1993, Marra and Holmes, un- 
publ.) Females that moved after a failure were 
presumably seeking better breeding opportuni- 
ties elsewhere. 

Divorce between seasons in kingbirds is dif- 
ficult to explain. Among the 37 returning pairs, 
all five divorces were preceded by successll nests 
whereas all five breeding failures were followed 
by reunification of the pair. The two leading hy- 
potheses that attempt to explain divorce (“better 
options” and “incompatibility”; Ens et al. 1993, 
Dhondt and Adriaensen 1994) both predict that 
females will do better by breeding elsewhere, but 
only the incompatibility hypothesis proposes that 
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males also benefit by the separation. The better 
options hypothesis assumes that females mate 
elsewhere because of the availability of either a 
higher quality male or better territory, and that 
her former mate’s reproductive success suffers. I 
cannot test either hypothesis, but the low divorce 
rate of kingbirds (13.5%) and the association of 
female dispersal with the male’s death suggest 
that compatibility may be an important factor 
influencing a female’s choice of mate, and pos- 
sibly of a site. My data also suggest that site 
fidelity in female kingbirds is largely an outcome 
of mate fidelity. Compatibility may be based on 
the willingness of the male to provide parental 
care (Hayes and Robertson 1989, Rosa and Mur- 
phy 1994), and female mate fidelity may exist 
because male properties or familiarity with a male 
have a greater impact on reproductive success 
(possibly assessed on a lifetime basis) than vari- 
ability in territory quality. As Ore11 et al. (1994) 
proposed for Willow Tits (Parus rnontanus), ex- 
pectations of future success may drive mate choice 
by female kingbirds. 

MATE FIDELITY AND MIGRATORY STATUS 

Rowley (1983) proposed that mate fidelity in 
songbirds is based mainly on site fidelity in both 
males and females. My data suggest the opposite 
for kingbirds. Rowley’s (1983) argument was 
based on the incorrect assumption that annual 
mortality rates of migrant songbirds were higher 
than those of residents (see Greenberg 1980, 
1986). He also argued that mate attachment 
would be especially low in migrants because pair 
members do not associate with one another on 
their wintering grounds. Migrants do, on aver- 
age, have lower mate fidelity than resident birds 
(Fig. 6), but I suspect that the very high mate 
fidelity of female kingbirds and many residents 
is facilitated mainly by the predictable presence 
of the male on his former territory. It also seems 
unlikely that high survivorship is a sufficient ex- 
planation for low divorce rates. Otherwise, why 
would species such as migrant Great Reed War- 
blers (Acrocephalus arundinaceus) divorce 88% 
of the time despite having a 60% annual return 
rate (for successful breeders; Bensch and Has- 
selquist 199 1). 

I propose that low divorce rates may reflect 
either advantages of associating with a particular 
individual, or simply be a byproduct of having 
few opportunities to choose a new mate in a 
saturated environment (e.g., Freed 1987). In the 

FIGURE 6. A comparison of the frequency of di- 
vorce among resident and migrant songbirds breeding 
in temperate regions around the world. The bars are a 
tally of the number of species falling into 10 equally 
spaced categories ofdivorce (O-l 0%, 1 l-20%, etc.). For 
example, less than 10% of pairs divorced in six resident 
species, but only one migrant (Welcome Swallow [Hi- 
rundo neoxena; Rowley 19831). Data are from Table 
5 of Dhondt and Adriaensen 1994, this study (Tyr- 
annus tyrunnus, EKB; divorce rate = 13.5%) and the 
following references: Beletsky and Orians 199 1 (Age- 
Zuius phoeniceus; 57%), Drilling and Thompson 1988 
(Troglodytes uedon; 96.4%), Part and Gustafsson 1989 
(Ficedula hypoleucu; 94%), Payne and Payne 1993 
(Passen’nu cyaneu; 50.5%) and Ore11 et al. 1994 (Parus 
montunus; 12.5%). All species are represented only once. 
Hence, an average divorce rate was computed for all 
species with multiple estimates of divorce rate. 

case of kingbirds, reestablishing a former pair 
bond allowed females to shorten the time to egg- 
laying (Fig. 4; but did not result in either larger 
clutch size or higher probability of nest success). 
Ore11 et al. (1994) obtained identical results for 
resident Willow Tits and divorce rate was sim- 
ilarly low (12%; see also Ens et al. 1993, Perrins 
and McCleery 1985). Female kingbirds that bred 
with new males on either the same or a different 
territory did not change breeding date between 
years, indicating that the effect was not related 
to age or territory. Early breeding is important 
for kingbirds because it is associated with greater 
fledgling production (Blancher and Robertson 
1985) and a higher probability of replacing failed 
nests (Murphy 1983a). The latter may be partic- 
ularly important because nest predators destroy 
roughly 50% of all nests each year (Blancher and 
Robertson 1985; Murphy 1983b, unpubl.). Male 
kingbirds do not courtship feed or assist in nest 
construction. Hence, preparation for egg-laying 
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does not change with a female’s pairing status. 
The main benefit thus appears to be a more rapid 
transition to breeding condition. 

Residents may also encounter greater social 
constraints than migrants and as a consequence 
have fewer opportunities for finding an open ter- 
ritory if they divorce. Birds in dense populations 
face intense intraspecific competition and ex- 
perience greater threats of loss of territory and 
mates to intruders. O’Connor (1992) showed that 
resident populations of songbirds in North 
America were denser than migrant populations, 
and that resident species showed stronger evi- 
dence of density-dependent population regula- 
tion. Exploratory behavior may be riskier for 
residents because it increases the chances of los- 
ing a territory. For instance, Blue Tit (P. caeru- 
leus) females in a population that maintained 
territories over winter had the lowest divorce rate 
(25%) whereas individuals in populations with 
typical parid mixed species flocks divorced 45% 
and 85% of the time (Dhondt and Adriaensen 
1994). Abandonment of territories and reshuf- 
fling of territory ownership, far more than dif- 
ferences in survivorship, thus seem likely to un- 
derlie the large differences in the frequency of 
divorce seen in resident and migrant birds (Fig. 
6). 

ACKNOWLEDGMENTS 

Research was funded by the DANA Foundation, sev- 
eral Trustee’s Research Grants from Hartwick College 
and NSFgrant BSR-9 106854 to the author. Many Har- 
twick College undergraduates helped collect dais, in- 
cluding Stephanie Rosa, Catherine M. Bischoff, Robert 
(Shawn) Martin, Jennifer L. Maigret, Judy Cole, Kris- 
tin Sheehan, Michael Palmer, Charity Cummings, 
Bradford Davev and Diane Rowe. Without their heln. 
I would never have been able to capture and ident& 
all the birds from this study. For help in the survivor- 
ship analyses I am indebted to Thomas E. Martin and 
J.-I% Lebreton, and I am especially grateful to both 
Tom Martin and Peter P. Marra for providing very 
helpful comments on an earlier version of this manu- 
script. Peter Blancher and an anonymous reviewer 
helped clarify several important points in the final ver- 
sion of the manuscript. 

LITERATURE CITED 

AKAIKE, H. 1973. Information theory and an exten- 
sion of the maximum likelihood principle, p. 267- 
28 1. In B. N. Petran and F. Csaki [eds.], Inter- 
national Symposium on Information Theory. 
Akademiai Kiadi, Budapest, Hungary. 

ALONSO, J. C., AND J. A. ALONSO. 1992. Male-biased 
dispersal in the great bustard Otis tarda. Ornis. 
Stand. 23:8 l-88. 

ARCESE, P. 1987. Age, intrusion pressure and defence 
against floaters by territorial male song sparrows. 
Anim. Behav. 351773-784. 

BELETSKY, L. D., AND G. H. ORIANS. 199 1. Effect of 
breeding experience and familiarity on site fidelity 
in female Red-winged Blackbirds. Ecology 72:787- 
796. 

BELETSKY, L. D., AND G. H. ORIANS. 1993. Factors 
affecting which male Red-winged Blackbirds ac- 
quire territories. Condor 95:782-791. 

BENSCH, S., AND D. HASSELQUIST. 1991. Territory 
infidelity in the polygynous Great Reed Warbler, 
Acrocephalus arundinaceus: the effect of variation 
in territory attractiveness. J. Anim. Ecol. 60:857- 
871. 

BENT, A. C. 1942. Life histories of North American 
breeding flycatchers, larks, swallows and their al- 
lies. U.S. Natl. Mus. Bull., No. 179. 

BLANCHER, P. J., AND R. J. ROBERTSON. 1985. Site 
consistency in kingbird breeding performance: im- 
plications for site fidelitv. J. Anim. Ecol. 54: 10 17- 
io27. 

BOLLINGER, E. K., AND T. A. GAVIN. 1989. The effects 
of site quality on breeding-site fidelity in bobo- 
links. Abk 166:584-594. - 

BRADLEY. J. S.. R. D. WOOLER. I. J. SKIRA. AND D. L. 
SER&&: 1990. The inflience of mate retention 
and divorce upon reproductive success in Short- 
tailed Shearwaters PuJinus tenuirostris. J. Anim. 
Ecol. 59:487496. 

BREITWISCH, R. 1989. Mortality patterns, sex ratios, 
and parental investment in monogamous birds. 
Curr. Omithol. 6: l-50. 

BRCKXE, M. DEL. 1979. Differences in the quality of 
territories held by Wheatears (Oenanthe oen- 
anthe). J. Anim. Ecol. 48:21-32. 

BUCKLAND, S. T., I. ROWLEY, AND D. A. WILLIAMS. 
1987. Estimation of survival from repeated sight- 
ings of tagged Galahs. J. Anim. Ecol. 52:563-573. 

BURN&, K-P., D. R. ANDERSON, G. C. WHITE, C. 
BROWNIE. AND K. H. POLLOCK. 1987. Desian and 
analysis methods for fish survival expelments 
based on release-recapture. Am. Fish. Sot. Mongr. 
No. 5. 

CAFFREY, C. 1992. Female-biased delayed dispersal 
and helping in American Crows. Auk 109:609- 
619. 

COU~SON, J. C., AND C. S. THOMAS. 1983. Mate choice 
in the Kittiwake Gull, p. 361-376. In P. Bateson 
led.1. Mate choice. Cambridge Univ. Press. Cam- 
bridge, Great Britain. - 

DARLEY, J. A., D. M. SCOTT AND N. K. TAYLOR. 1977. 
Effects of age, sex, and breeding success on the site 
fidelity of Gray Catbirds. Bird-Banding 48:145- 
151. 

DAVIS, D. E. 1955. Observations on the breeding 
biology of kingbirds. Condor 57:208-2 12. 

DHONDT, A. A., AND F. ADRIAENSEN. 1994. Causes 
and effects of divorce in the blue tit, Pam caeru- 
leus. J. Anim. Ecol. 63:979-987. 

DRILLING, N. E., AND C. F. THOMPSON. 1988. Natal 
and breeding disoersal in House Wrens (Troalo- 
dytes aedonf Auk 105:480-491. . - 

ELDER, W. H. 1985. Survivorship in the Tufted Tit- 
mouse. Wilson Bull. 97:5 17-524. 



92 MICHAEL T. MURPHY 

ENS, B. J., U. N. SAFRIEL, AND M. P. HARRIS. 1993. 
Divorce in the long-lived and monogamous Oys- 
tercatcher, Haematopus ostralegus: incompatibil- 
ity or choosing the better option? Anim. Behav. 
45:1199-1217. 

FALCONER, D. S. 1981. Introduction to quantitative 
genetics (2nd ed.). The Pitman Press, Bath, Great 
Britain. 

FREED, L. A. 1987. The long-term pair bond of trop- 
ical House Wrens: advantages of constraint? Am. 
Nat. 130:507-525. 

GREENBERG, R. 1980. Demographic aspects of long- 
distance migration, p. 493-504. In A. Keast and 
E. S. Morton [eds.], Migrant birds in the Neo- 
tropics: ecology, behavior, distribution and con- 
servation. Smithsonian Inst. Press. Washineton. 
DC. 

GREENBERG, R. 1986. Competition in migrant birds 
in the nonbreeding season. Curr. Ornithol. 3:28 l- 
307. 

GREENWOOD, P. J. 1980. Mating systems, philopatry, 
and dispersal in birds and mammals. Anim. Be- 
hav. 28:1140-1162. 

HAYES, P. A., AM) R. J. ROBERTSON. 1989. The im- 
pact of male parental care on female Eastern King- 
bird reproductive success. Wilson Bull. 10 1:462- 
467. 

HEPP, G. R., ANIJ R. A. KENNAMER. 1992. Charac- 
teristics and consequences of nest-site fidelitv in 
Wood Ducks. Auk iO9:8 12-818. 

I(ARR. J. R.. J. D. NICHOLS. M. K. KLIMKIEWICA. AND 
J: D. BRAWN. 1990. ‘Survival rates of birds of 
tropical and temperate forests: will the dogma sur- 
vive? Am. Nat. 136:277-291. 

KORPIMAKI, E. 1988. Effects of territory qualitv on 
occupancy, breeding performance and breeding 
dispersal in Tengmalm’s Owl. J. Anim. Ecol. 57: 
97-108. 

LEBRETON, J.-D., K. P. Bm, J. CLOBERT, AND D. 
R. ANDERSON. 1992. Modeling survival and test- 
ing biological hypotheses using marked animals: 
a unified approach with case studies. Ecol. Mon- 
ogr. 62:67-l 18. 

MURPHY, M. T. 1983a. Ecological aspects of the re- 
productive biology of Eastern Kingbirds: geo- 
graphic comparisons. Ecology 64:914-928. - _ 

MURPHY, M. T. 1983b. Nest success and nesting hab- 
its of Eastern Kingbirds and other flycatchers. 
Condor 85:208-2 19. 

MURPHY, M. T. 1986. Temporal components of re- 
productive variability in Eastern Kingbirds (Tyr- 
annus tyrannus). Ecology 67:1483-1492. 

NEWTON, I. 1993. Age and site fidelity in female Spar- 
rowhawks, Accipiter nisus. Anim. Behav. 46: 16 l- 
168. 

NEWTON, I., AND M. MARQUISS. 1982. Fidelity to 
breeding area and mate in Sparrowhawks Acciiiter 
nisus J. Anim. Ecol. 5 1:327-34 1. 

NOLAN, V., JR. 1978. The ecology and behavior of 
the Prairie Warbler Dendroica discolor. Omithol 
Monogr No. 26. 

O’CONNOR, R. J. 1992. Population variation in re- 
lation to migrancy status in some North American 
birds, p. 64-74. -Zn J. M. Hagan III and D. W. 
Johnston [eds.], Ecology and conservation of Neo- 
tropical migrant 1andbi;hs. Smithsonian Inst. Press, 
Washington, DC. 

ORELL, M., S. RYTKON~N, AND K. KOIWLA. 1994. 
Causes of divorce in the monogamous Willow Tit, 
Parus montanus, and consequences for reproduc- 
tive success. Anim. Behav. 48: 1143-l 154. 

PART, T. 1995. The importance of local familiarity 
and search costs for age- and sex-biased philopatry 
in the Collared Flycatcher. Anim. Behav. 49: 1029- 
1038. 

PART, T., AND L. GUSTAFSSON. 1989. Breeding dis- 
persal in the Collared Flycatcher (Ficedula albi- 
collis): possible causes and reproductive conse- 
quences. J. Anim. Ecol. 58:305-320. 

PAY&, R. B., AND L. L. PAYNE. 1990. Survival es- 
timates of Indigo Buntings: comparisons of band- 
ing recoveries and local observations. Condor 92: 
938-946. 

PAYNE, R. B., AND L. L. PAYNE. 1993. Breeding dis- 
persal in Indigo Buntings: circumstances and con- 
sequences for breeding success and population 
structure. Condor 95:1-24. 

PERRINS, C. M., AND R. H. MCCLEERY. 1985. The 
effect of age and pair bond on the breeding success 
of Great Tits Parus major. Ibis 127:306-3 15. 

PIPER, S. E., P. J. MUNDY, AND J. A. LEDGER. 198 1. 
Estimates of survival in the Cape Vulture. Gvns 
coprotheres. J. Anim. Ecol. 50:815-825. ._ 

PUGESEK, B. 198 1. Increased renroductive effort with 
age in the California Gull (Larus californicus). Sci- 
ence 212~822-823. 

PUGESEK, B., AND K. L. DIEM. 1990. The relationship 
between reproduction and survival in known-aged 
California Gulls. Ecology 7 1:8 1 l-8 17. 

‘PYLE, P., S. N. G. HOWELL, R. P. YUNICK, AND D. F. 
DESANTE. 1987. Identification guide to North 
American passerines. Slate Creek Press, Bolinas, 
CA. 

ROSA, S. M., AND M. T. MURPHY. 1994. Trade-offs 
and constraints on Eastern Kingbird parental care. 
Wilson Bull. 106:668-678. 

ROWLEY, I. 1983. Remating in birds, p. 331-360. In 
P. Bateson [ed.], Mate choice. Cambridge Univ. 
Press, Cambridge, Great Britain. 

SHIELDS, W. M. 1984. Factors affecting nest and site 
fidelity in Adirondack Barn Swallows (Hirundo 
rustica). Auk 101:780-789. 

TEMELES, E. J. 1994. The role of neighbors in terri- 
torial systems: when are they “dear enemies”? 
Anim. Behav. 47:339-350. 

THOMPSON, C. F., AND V. NOLAN, JR. 1973. Popu- 
lation biology of the Yellow-breasted Chat (Zcteria 
virens L.) in southern Indiana. Ecol. Monar. 43: 
145-171: 

WEATHERHEAD, P. J., AND K. A. BOAK. 1986. Site 
infidelity in Song Sparrows. Anim. Behav. 34: 1299- 
1310. 


