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NEST SUCCESS AND NESTING HABITS OF EASTERN 
KINGBIRDS AND OTHER FLYCATCHERS 

MICHAEL T. MURPHY 

ABSTRACT. -Patterns of nest placement and its relationship to nest success in 
the Eastern Kingbird (Tyrannus tyrannus) were studied in populations breeding 
in New York and Kansas. Data were augmented with information on nest place- 
ment in other open-nesting tyrannids in order to examine the hypothesis that 
these flycatchers place their nests chiefly so as to conceal them from predators. 
Nesting success was significantly greater in New York than in Kansas but was 
relatively high in both populations, as is apparently true of North American 
breeding flycatchers in general. Geographic variation in nest placement in the 
Eastern Kingbird was relatively small and statistical comparisons of failed and 
successful nests indicated that nests at mid-height in the and

 used sites. Increased vegetative 
cover around the nest and a greater number of supporting branches for the nest 
were also associated with success, and it is their interaction with nest height and 
distance from the canopy edge that is apparently most important in determining 
success. Most tyrant flycatchers nest several meters or more above the ground, 
and interspecific variation in nest placement matches the range of sites used by 
Eastern Kingbirds. Aggressive nest defense is apparently characteristic of the 
family, and average nest height is also positively correlated with length of the 
nestling period. These facts support the predator-avoidance hypothesis and suggest 
that nest placement habits and aggressive nest defense are means by which open- 
nesting birds can reduce rates of nestling mortality. 

Nest site selection in birds can be an important 
determinant of reproductive success by affect- 
ing losses caused by predators and weather, 
the two most important causes of nest failure 
(Nolan 1963, Ricklefs 1969a). Except for the 
well-known differences in the breeding biology 
of cavity- and open-nesting birds (von Haart- 
man 1957, Lack 1968), few studies of tem- 
perate-zone breeding passerines have related 
aspects of nest placement to the species' over- 
all breeding habits. If species with long nesting 
periods placed their nests in cryptic, easily de- 
fended or inaccessible sites, they could coun- 
teract the increased probability of predators 
finding the nest before the young fledge. This 
hypothesis has yet to be examined for tem- 
perate-zone breeding passerines, yet is pre- 
sumably the basis for the great diversity of 
nesting habits in tropical breeding land birds 
(Ricklefs 1969a). 

As part of a geographic comparison of the 
breeding biology of the Eastern Kingbird (Ty- 
rannus tyrannus), I collected data on nest 
placement and success. Eastern Kingbird nests 
are relatively conspicuous and are typically 
placed on horizontal branches close to the can- 
opy edge (Davis 1941, Bent 1942, Pettingill 
1973). Nestling kingbirds develop slowly 
(Murphy, in press) and eggs and nestlings are 

exposed in the nest for up to 39 days. I there- 
fore predicted that nest placement would be 
important in determining the reproductive 
success of Eastern Kingbirds. Furthermore, 
since slow nestling growth and long periods of 
nest occupancy are typical of most tyrannids 
(Ricklefs 1976; Murphy, in press), nest place- 
ment should be especially important in this 
family and reflect the need to reduce nest loss- 
es. I tested these hypotheses using data on nest 
placement and success in Eastern Kingbirds, 
and comparative data from the literature. 

STUDY AREA AND METHODS 
I studied the breeding biology of Eastern King- 
birds in western New York and eastern Kansas 
from May through August, 1979 and 1980, 
respectively. The center of the New York re- 
search site was located midway between the 
towns of Eden and Angola, Erie Co. (42040'N, 
78057'W) and was approximately 16 km from 
Lake Erie. In Kansas, I concentrated research 
in an area 6.5 km west of Lawrence, Douglas 
Co., near Clinton Lake (38057'N, 95019'W). 
The study site in New York encompassed the 
adjacent lands 0.5 km on either side of 45 km 
of country roads, plus several larger isolated 
areas (range of 2-4 ha). My study site in Kansas 
included the adjacent lands 0.5 km on either 

[208] 
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side of country roads (30 km), plus an inten- 
sively studied area measuring 1.6 x 0.8 km. 
My methods preclude accurate estimates of 
density, but breeding pairs seemed about 1.5 
to 2 times as common in Kansas as in New 
York. 

At each nest I recorded the species of the 
nest tree, and six nest placement variables: nest 
height (m); distance from top of tree to nest 
(m); distance from nest to center of tree (m); 
horizontal distance from nest to outer perim- 
eter of canopy (m); number of branches or twigs 
supporting the nest; and vegetative cover with- 
in an imaginary sphere 20 cm in radius around 
the nest. Relative nest height (nest height/tree 
height) and relative distance from the center 
of the tree (distance from center of tree to nest/ 
distance from center of tree to canopy edge) 
were also calculated. Cover was estimated by 
placing a compass on the nest surface and 
ranking the quality of the cover for the four 
cardinal compass directions and directly over 
the nest. Cover quality was scored as follows: 
0-25% cover, scored 0.0; 25-75% cover, scored 
0.5; 75-100% cover, scored 1.0. Scores were 
then summed to give an overall estimate of 
the degree of nest concealment (maximum of 
5.0). Inaccessible nests were examined using 
an extensible mirror-and-pole apparatus. Dis- 
tances and heights, later converted to meters, 
were measured to the nearest 0.5 foot using a 
pole marked off in feet, by climbing the tree 
and measuring distances directly, or using a 
range-finder and clinometer. 

A successful nest was one that fledged at least 
one nestling. At both sites I found more than 
one-half of the nests before incubation started, 
and for these I divided the number of suc- 
cessful nests by the total number (S/n) to es- 
timate success. I also calculated nest success 
using the entire sample and correcting for ex- 
posure time (Mayfield 1961). The status of most 
nests was checked every two to three days. The 
standard error of the estimated success rate 
and 95% confidence limits were also calculated 
(Johnson 1979). Nest failures were categorized 
as being due to either predation, weather, de- 
sertion, failure of eggs to hatch, or loss of an 
adult. If an entire nest and its contents dis- 
appeared I assumed that it was destroyed by 
weather. If nest contents were missing but the 
nest was relatively undisturbed I assumed pre- 
dation had occurred. Death of nestlings due to 
overexposure to the sun also left the nest un- 
disturbed. In these cases, where it was known 
or strongly suspected, losses were attributed to 
weather. 

Univariate comparisons of nest placement 
variables between New York and Kansas and 
between successful and failed nests within each 

site were made using the Student's t-test. Rel- 
ative nest height and relative distance from the 
center of the tree to the canopy were arc-sine 
transformed before testing. The homogeneity 
of variances was tested using the Fmax-test (So- 
kal and Rohlf 1981). If variances were heter- 
oscedastic, an approximate t-test based on the 
assumption of unequal variances was used to 
test for significant differences between means 
(Sokal and Rohlf 1981: 408). 

If a nest's success depends upon its place- 
ment, it is likely that numerous variables, of 
which I have measured or generated eight, in- 
teract to ultimately determine the nest's fate. 
In order to improve ecological interpretability, 
I reduced the number of variables to a few 
mutually independent linear combinations of 
the original correlated variables using princi- 
pal component analysis (PCA; BMDP4M, 
Dixon and Brown 1979). Because of the di- 
verse nature of the data (i.e., counts, lengths, 
etc.), variables were standardized by extracting 
the principal components from a correlation 
matrix. However, because standardization 
based on the total variance tends to de-em- 
phasize characters with high variance, I further 
standardized variables on the basis of the 
pooled, weighted within-group variances for 
successful and failed nests (Rohwer and Kil- 
gore 1973). This procedure is appropriate when 
PCA is being used to separate groups where 
between-group variances may be large com- 
pared to within-group variances, since the for- 
mer variables are those best able to differen- 
tiate between groups (see Rohwer and Kilgore 
1973). 

An adaptively based predator avoidance 
theory for nest site selection predicts a direct 
relationship between duration of the nestling 
period and nest height. To test this hypothesis 
I used literature sources to generate a corre- 
lation between nestling period length and nest 
site characteristics for species with informa- 
tion available. In this analysis, the duration of 
the nestling period used was the most com- 
monly reported period. For nest height, I cal- 
culated the weighted average of all reports of 
nest height for each species for the correlation 
with nestling period length. 

RESULTS 

NEST SUCCESS 

Estimates of nest success at the two sites in- 
dicated that breeding success of Eastern King- 
birds was relatively high for an open-nesting 
passerine (Table 1; see Ricklefs 1969a for com- 
parative data). Accurate geographic compari- 
sons without estimates of annual variation in 
success are probably not possible, but nest suc- 
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TABLE 1. Estimates of nest success, daily rates of nest 
mortality, and sources of nest failure in Eastern Kingbirds 
breeding in New York and Kansas. Sample sizes in pa- 
rentheses. 

New York Kansas 

Nests found prior to the 
start of incubationa 58.8% (34) 31.4% (35) 

Mayfield estimateb 57.7% (57) 36.3% (52) 
95% confidence intervale 50.7-65.7% 30.2-43.5% 
Sources of failure 

Predation 72.2% (13) 57.9% (22) 
Weather 16.7%(3) 31.6%(12) 
Failure to hatch 5.6%(1) 2.6%(1) 
Loss of an adult 5.6% (1) 0.0% (0) 
Desertion 0.0% (0) 7.9% (3) 

Daily nest mortality 
rated 1.59 3.08 

a Percent success = (number of successful nests/total number of nests) x 
100. b Success calculated using Mayfield's (1961) correction for exposure. c Confidence intervals calculated using Johnson's (1979) technique. d Mortality rate = -(log P/t); Ricklefs (1969a). 

cess was 59% greater in New York than in 
Kansas (for nests found before the start of in- 
cubation, t = 2.32, df = 67, P < 0.05). A pos- 
sible cause for the lower success in Kansas may 
have been the more frequent nest visits that I 
made there (nearly every day for many nests). 
Frequent nest visits have been known to cause 
increased losses to predators (Bart 1978). 

Predation on Eastern Kingbird nests was the 
major cause of failure in both New York and 
Kansas, followed by losses due to weather (Ta- 
ble 1). Losses due to weather resulted from 
nests being blown out of trees by strong winds, 

or death of nestlings due to direct exposure to 
intense sunlight. The latter phenomenon was 
limited to nestlings that were unable to regu- 
late their temperature effectively (Murphy, un- 
publ. data)- nestlings that were less than seven 
days old (n = all nestlings in three nests). Sel- 
dom was I able to attribute nest losses to spe- 
cific predators, but the majority of losses were 
most likely the result of avian or mammalian 
predators. Known instances included preda- 
tion on a brood by an American Kestrel (Falco 
sparverius) in New York and destruction of a 
clutch of eggs by a fox squirrel (Sciurus niger) 
in Kansas. I suspect that squirrels are impor- 
tant nest predators for aboreal-nesting species 
in Kansas, since I also observed predation on 
a Northern Oriole (Icterus galbula) nest by a 
fox squirrel. Other nests probably were lost to 
American Crows (Corvus brachyrhynchos), 
since I have observed crows searching through 
vegetation in trees in the vicinity of kingbird 
nests in apparent attempts to locate the nests. 

Similarly, nest success among other north 
temperate breeding tyrannids also appears to 
be relatively high (Table 2). The mortality rate 
that I recorded in Kansas in 1980 (3.08%/day) 
was next to the highest of the 14 records for 
open-nesting species. The average daily mor- 
tality rate for the nine open-nesting species 
listed in Table 2 (x = 1.77, SD = 0.793, n = 

14) is intermediate with respect to the average 
daily mortality rates for hole- and niche-nest- 
ing birds (x = 1.02, n = 7; Ricklefs 1969a) as 
compared to above-ground-nesting birds (X = 
2.27, n = 8, Ricklefs 1969a [mortality rate for 

TABLE 2. Nest success and daily mortality rates of tyrant flycatchers breeding in North America. 

Nesting Nestling 
Sample cycle length period length Percent Mortality 

Species size (days) (days) success rate (%/day) Reference 

Scissor-tailed Flycatcher 16 33 16 81.2 0.63 Fitch 1950 
(Tvrannus forficatus) 

Western Kingbird 46 35 16.5 56.5 1.65 Goldberg 1979 
(T. verticalis) 23 35 16.5 56.7 1.64 Cuesta 1974 

Cassin's Kingbird 36 35 16.5 47.2 2.18 Goldberg 1979 
(T. vociferans) 

Eastern Kingbird 57 35.5 17 57.7a 1.59 This study, New York 
52 33 16 37.3a 3.08 This study, Kansas 

Eastern Wood-Pewee 6 34 17 74.0a 0.89 Best and Stauffer 1980 
(Contopus virens) 

Acadian Flycatcher 138 30 13 64.5 1.46 Walkinshaw 1966a, 
(Empidonax virescens) Mumford 1964 

Traill's Flycatcher 33 31.5 13.5 44.6 2.56 King 1955 
(E. traillii) 92 31.5 13.5 65.2 1.36 Berger 1967 

207 31.5 13.5 69.5 1.16 Walkinshaw 1966b 
91 28 12 39.5 3.32 Holcomb 1972 

Least Flycatcher 101 31.5 14 51.9 2.08 Walkinshaw 1966c 
(E. minimus) 

Western Flycatcher 28 34.5 16.5 67.5a 1.14 Davis et al. 1963 
(E. difficilis) 
Nest success in these studies corrected for exposure time. 
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TABLE 3. Nest placement of Eastern Kingbirds in New York and Kansas. 

Variable New York (mean [SD]) Kansas (mean [SD]) t" 

Nest height (m) 6.5 (4.24) 7.1 (4.54) 0.64 
Distance from top (m) 2.7 (2.22) 3.4 (3.08) 1.39 
Relative height 0.70 (0.135) 0.67 (0.179) 1.01 
Distance from center (m) 1.8 (0.85) 2.7 (1.60) 3.73*** 
Distance from canopy (m) 0.9 (0.44) 1.8 (1.34) 4.78*** 
Relative distance 0.63 (0.175) 0.59 (0.192) 1.08 
Number of branches 5.7 (0.96) 4.8 (1.13) 4.45*** 
Cover 3.1 (1.04) 2.8(1.18) 1.53 
Sample size 58 56 

a Value of t-test comparing mean values of nest placement variables between New York and Kansas. *** P < 0.001. 

Empidonax traillii excluded]). The failure of 
some authors to account for exposure time 
probably inflated some estimates of success (as 
Ricklefs 1969a noted for his data), but the av- 
erage daily mortality rate for those studies 
where Mayfield's (1961) correction has been 
applied (Table 2) was still low (1.68%/day). 

NEST SITES 

In general, nest placement differed little be- 
tween New York and Kansas. (Table 3). With 
the exception of the absolute distance at which 
nests were placed from the center and periph- 
ery of the tree, none of the major nest site 
characteristics differed significantly between the 
two regions (Table 3). Overall, nest height 
ranged from 2 to over 25 m. The mean nest 
heights reported here did not differ signifi- 
cantly from the 6.8 m reported by MacKenzie 
and Sealy (198 1)from Manitoba (t = 0.38, df = 
114 in New York; t = 0.33, df = 112 in Kan- 
sas), but both were significantly higher (t = 
10.2, df= 287 in New York; t = 11.2, df= 
285 in Kansas) than the mean nest height of 
2.5 m (SD = 2.13, n = 213) of Eastern King- 
birds from the Canadian Prairie Provinces (D. 
I. MacKenzie, pers. comm.). Although abso- 
lute nest height did not differ significantly be- 
tween New York, Kansas and Delta Marsh 
(Manitoba), relative nest height was signifi- 
cantly higher in New York (t = 4.89, df = 114, 
P < 0.001) and Kansas (t = 3.22, df= 112, 
P < 0.001) than in Manitoba (x = 0.57, 
MacKenzie and Sealy 1981). 

Most nests were placed on horizontal or di- 
agonal branches about 60% of the distance out 
from the main trunk of the tree to the canopy 
edge (Table 3). Only 1 of 114 nests (0.9%) was 
placed in a main crotch of the nest tree. How- 
ever, most nests at Delta Marsh, Manitoba 
were placed centrally (D. I. MacKenzie, pers. 
comm.). The same or related tree species avail- 
able for nesting at Delta Marsh (see Mac- 
Kenzie and Sealy 1981) were also readily avail- 
able in New York and Kansas, yet they were 
not commonly used (i.e., only 7.0% of the time). 

Nests placed in these species (Populus del- 
toides, Acer sp., and Fraxinus sp.) had a mean 
relative distance from the tree center of only 
0.39 (n = 8). These trees, apparently, did not 
offer horizontal attachment sites that were as 
suitable as in those other species used much 
more frequently (Morus sp., Ulmus sp., Ma- 
clura pomifera and Malus sp.; 56%), suggesting 
that placement of the nest away from the main 
trunk was preferred. 

Distance of the nest from the top of the tree 
was directly correlated with distance from the 
center of the tree in both New York (r = 0.482, 
df= 56, P < 0.001) and Kansas (r = 0.520, 
df= 54, P < 0.001), indicating that as nests 
were placed lower, they were situated farther 
from the main trunk of the tree. This finding 
is supported by two additional observations: 
the direct correlation between nest height and 
distance from the canopy edge in Kansas (r = 
0.485, df= 54, P < 0.001) and the inverse 
correlation between relative nest height and 
distance from the center of the tree in New 
York (r = -0.411, df = 56, P < 0.001). Thus, 
selection of nest sites low in trees, or placement 
of nests in small trees was usually accom- 
panied by placement of nests in extreme po- 
sitions away from the tree center, generally on 
long horizontal branches. Vegetative cover 
around the nest was inversely correlated with 
nest height in New York (r = -0.262, df = 56, 
P < 0.05) and distance from the tree center in 
Kansas (r = -0.303, df = 54, P < 0.05). Nests 
placed near the top of the tree, or close to the 
canopy edge therefore tended to be less pro- 
tected from wind, sun or rain. 

Principal component analysis of the Eastern 
Kingbird data also indicated that significant 
patterns of covariation existed among nest 
placement variables. The first principal com- 
ponent explained 29.5 and 30.8% of the orig- 
inal variation in nest placement in New York 
and Kansas, respectively. In New York, as rel- 
ative nest height decreased, distance from the 
top of the tree increased. At the same time, 
absolute nest height tended to increase. This 
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New York 

) 
0.8 PC1 PC2 PC3 

z 
- 0.4 

S0/ 

z 
z 
0 -.4 

o0 
-0.8 

Kansas 
0.8 PC1 PC2 PC3 

a 

0 0.4 
0 

z 
z 0-0.4 

0.8 
nh dt rh dc de rd br cv nh dt rh dc de rd br cv nh dt rh dc de rd br cv 

NEST PLACEMENT VARIABLES 
FIGURE 1. Principal component loadings from the 
analysis of placement of nests in New York and Kansas. 
PC1, PC2 and PC3 refer to Principal Components 1, 2 
and 3, respectively. Abbreviations for nest placement vari- 
ables are: nh, nest height; dt, distance of nest from top of 
tree; rh, relative nest height; dc, distance of nest from 
center of tree; de, distance of nest from canopy edge; rd, 
relative distance of nest from center of tree, br, number 
of branches supporting nest; cv, vegetative cover around 
nest. 

pattern of nest placement was usually also ac- 
companied by placement of the nest farther 
from the tree center, in both a relative and 
absolute sense (Fig. 1). I found a similar pat- 
tern for Kansas. As relative nest height de- 
creased, distance from the top of the tree in- 
creased and both absolute and relative distance 
from the center of the tree increased (Fig. 1). 
Thus, for both populations, I interpreted PC 1 
as a contrast of the horizontal and vertical 
components of nest placment. Principal Com- 
ponent 2 in New York explained 20.8% of the 
original variation, and contrasted relative and 
absolute nest height with the microhabitat nest 
placement variables (i.e., number of support- 
ing branches and vegetative cover). It indicat- 
ed that nests placed lower in the tree generally 
had more cover and more supporting branches 
than nests placed higher (Fig. 1). Principal 
Component 2 explained 23.9% of the original 
variation in Kansas nest placement data. This 

axis indicated that cover and number of sup- 
porting branches tended to decrease as abso- 
lute nest height and distance from the top of 
the tree and canopy edge increased (Fig. 1). 
Principal Component 3 explained 18.8 and 
20.3% of the variation in nest placement in 
New York and Kansas, respectively, and in 
New York contrasted distance from the can- 
opy edge with relative distance from the tree 
center (Fig. 1). Principal Component 3 in Kan- 
sas contrasted nests placed absolutely and rel- 
atively high in a tree, and absolutely and rel- 
atively far from the tree center, with nests 
placed low and close to the tree center. 

The contrast of the horizontal and vertical 
components of nest placement by PC1 was 
similar to the species-specific patterns of nest 
placement found within other flycatchers (Ta- 
ble 4). With the exception of the Yellow-bel- 
lied Flycatcher, all open-nesting tyrannids place 
their nests in trees or bushes, 2 m or more 
above the ground. Those species nesting at 
lower heights usually place their nests close to 
the canopy edge (e.g., Acadian Flycatcher and 
Scissor-tailed Flycatcher; Table 4). The alter- 
native, that of placing nests near the top of the 
tree but close to the main trunk, is used by the 
Least Flycatcher, Western Kingbird and Cas- 
sin's Kingbird (Table 4). The wide range of 
nest heights of species in the genus Tyrannus, 
especially the Eastern Kingbird, indicates that 
nest height depends to some extent upon the 
availability of suitable nest trees (Table 4; D. 
I. MacKenzie, pers. comm.). However, the four 
Tyrannus species (included at the top of Table 
4) clearly demonstrate the inverse relationship 
between nest height and distance from the cen- 
ter of the tree. 

NEST PLACEMENT AND SUCCESS 

Nest success was significantly correlated with 
nest placement variables in New York only 
(Table 5). However, in all cases comparisons 
between failed and successful nests in Kansas 
tended to be in the same direction as in New 
York. Successful nests were placed at lower 
absolute and relative heights than failed nests, 
and also had significantly more surrounding 
cover and supporting branches in New York 
(Table 5). Thus, lower success was associated 
with greater exposure of the nest, due either 
to less vegetative cover around the nest, or 
placement in increasingly extreme positions in 
the tree (i.e., closer to the peak). Relative dis- 
tance from the center of the tree and relative 
nest height in Kansas were apparently not as- 
sociated with success (Table 5). 

I combined samples from both sites in order 
to further examine the relationship between 
success and relative height and distance from 
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FIGURE 2. Nest success in relation to relative nest height. 
All nests below a relative height of 0.41 are grouped into 
a single class. Values for other height classes are midpoints 
for intervals. Circles indicate weighted average nest suc- 
cess for New York and Kansas samples. 

the tree center. This was justified since success 
varied in a similar manner with both variables 
in both populations. Nests were most success- 
ful between the relative heights of 0.41 and 
0.71 in both populations (Fig. 2). However, 
above a relative height of 0.41, nest success 
tended to decrease and a significant inverse 
relationship existed between percent nest suc- 
cess and relative nest height (r = -0.897, df = 
4, P < 0.05). In addition to the low success of 
nests placed relatively high, nests placed below 
a relative height of 0.41 in Kansas were also 
very unsuccessful (Fig. 2). No nests were placed 
this low in New York. Exclusion of nests placed 
below a relative height of 0.41 in Kansas in- 
dicated that failed nests were placed relatively 
higher than successful nests (t = 2.43, df = 44, 
P < 0.05), as was also found earlier in New 
York. Similarly, nest success also tended to 
decrease as relative distance of the nest from 
the tree center increased (Fig. 3). Nests placed 
closest to the canopy edge were the most likely 
to fail in both New York and Kansas. How- 
ever, of the five nests placed very close to the 
center of the tree in Kansas (relative dis- 
tance < 0.31), only one fledged young, sug- 
gesting that placement of the nest very close 
to the tree center was also likely to result in 
the failure of the nest. The lack of a difference 
between successful and failed nests in relation 
to relative nest height and distance from the 
tree center in Kansas (Table 5) was therefore 
due to the increased probabilities of nest fail- 
ure both above and below the average sites of 
placement. 

Principal component analysis of the data in- 
dicated that the suite of variables associated 
with PC2 and PC3 (but not PC1) differed be- 
tween failed and successful nests. The fact that 
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RELATIVE NEST DISTANCE 
FIGURE 3. Nest success in relation to relative distance 
of nest from center of tree. All nests closer than relative 
distance of 0.41 to tree center are grouped into a single 
class, as are all nests greater than a relative distance of 
0.80. Values given for other classes are midpoints for in- 
tervals. Circles indicate weighted average nest success for 
New York and Kansas samples. 

the component scores of successful and failed 
nests did not differ on PCi indicated that the 
horizontal and vertical components of nest 
placement did not by themselves determine 
the probability of success. Instead, the simul- 
taneous action of nest height, cover and num- 
ber of supporting branches was more impor- 
tant in determining nest fates. Failed and 
successful nests were clearly separated on PC2 
in New York (Table 6; Fig. 4). Successful nests 
were thus placed relatively lower with more 
cover and supporting branches. Mean scores 
for failed nests on PC2 in Kansas indicated 
that they also tended to be placed relatively 
higher in the tree and to have less vegetative 
cover, and also to be placed farther from the 
canopy edge than successful nests (Table 6; Fig. 
4), but the difference only approached signif- 
icance (P = 0.11). Removal of the five rela- 
tively low nests (relative nest height < 0.41) 
indicated that the difference was nearly sig- 
nificant (t = 1.88, df = 44, P = 0.07). 

In New York, the component scores of suc- 
cessful and failed nests on PC3 were not quite 
significantly different (Table 6; Fig. 4). How- 
ever, the scores indicated that successful nests 
tended to be placed farther from the canopy 
edge and closer to the tree center than failed 
nests. The difference between the two classes 
of nests on PC3 in Kansas was also not sig- 
nificantly different (Table 6; Fig. 4). Hence, 
high nests far from the tree center were just as 
likely to fledge young as were low nests close 
to the tree center. However, exclusion of the 
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TABLE 5. Comparison of the placement of successful and failed Eastern Kingbird nests in New York and Kansas. 

New York (mean[SD]) Kansas (mean[SD]) 
Variable Successful Failed ta Successful Failed ta 

Nest height (m) 5.9 (4.10) 7.8 (4.48) 1.46 6.1 (2.63) 7.9 (5.56) 1.55 
Distance from top (m) 2.9 (2.40) 2.4 (1.63) 0.83 3.0 (1.37) 3.6 (3.96) 0.77 
Relative height 0.68 (0.131) 0.77 (0.125) 2.46* 0.66 (0.152) 0.69 (0.197) 0.58 
Distance from center (m) 1.7 (0.85) 1.9(0.86) 0.57 2.3 (1.26) 3.0 (1.84) 1.71 
Distance from canopy (m) 1.0 (0.42) 0.9 (0.55) 0.63 1.7 (0.58) 2.0 (1.69) 0.91 
Relative distance 0.61 (0.183) 0.68 (0.141) 1.67 0.55 (0.176) 0.60 (0.206) 0.97 
Number of branches 6.0 (0.92) 5.0 (0.76) 3.90*** 5.2 (1.23) 4.6 (0.88) 1.70 
Cover 3.4 (0.99) 2.5 (0.83) 3.40*** 3.0 (1.36) 2.7 (1.10) 0.80 
Sample size 42 15 20 31 

a Value of t-test comparing mean scores between failed and successful nests. * P < 0.05; *** P < 0.001. 

five relatively low nests again nearly estab- 
lished a significant difference between the two 
groups (t = 1.85, df= 44, P = 0.075), sug- 
gesting that high nests close to the canopy edge 
were more likely to fail. Although significant 
differences were found in only one of the two 
sites, and for only one component, the results 
of the principal components analyses were 
consistent with univariate comparisons in as- 
sociating lower relative height, greater amounts 
of vegetative cover, and increased distance 
from the canopy edge with increased proba- 
bilities of success. 

The duration of the nestling periods and nest 
heights used to test the predator avoidance the- 
ory for nest site selection were taken from Ta- 
bles 2 and 4, respectively. A significant posi- 
tive relationship exists between length of the 
nestling period and nest height (r = 0.606, df = 
11, P < 0.05). However, nestling period du- 
ration and adult body weight are also corre- 
lated, though not significantly in these species 
(r = 0.487, df= 11, ns). The correlation of 
nestling period duration with nest height may 
therefore be an artifact of a relationship be- 
tween body weight and nest height. However, 
the latter correlation is not significant (r = 
0.467, df= 11). These results support the 
predator avoidance hypothesis, and strongly 
suggest that flycatchers compensate for greater 
risks of predation as the length of exposure 
increases by making nests less accessible to 
ground predators, and most mammalian pred- 
ators. I could not find quantitative data for 

two additional species (Western Wood-Pewee, 
Contopus sordidulus, and Olive-sided Fly- 
catcher, C. borealis) that have long nestling 
periods 

(_ 
17 days). Both typically place their 

nests high in trees, usually on horizontal limbs 
(Bent 1942). Peewees (Contopus spp.) also 
commonly build their nests on dead or dying 
branches, and cover parts of the nest exterior 
with lichens, apparently in order to cryptically 
pattern the nest (Bent 1942; M. T. Murphy, 
pers. observ.). 

DISCUSSION 

Inaccessible, secure nest sites should be at a 
premium when time constraints limit oppor- 
tunities for breeding and environmental fac- 
tors limit rates of growth. Tyrant flycatchers 
breed relatively later (Robins 1970) and have 
longer nesting cycles than most other north 
temperate breeding, open-nesting passerines 
(Table 2). Their breeding seasons are therefore 
relatively short and only three species of 
phoebes (Sayornis spp.) are able to raise two 
broods per year (Bent 1942, Robins 1970). In 
the Eastern Kingbird, nests that fail at the nest- 
ling stage are most often not replaced (Murphy, 
in press). Specialized nesting habits are there- 
fore to be expected in this family and infor- 
mation on nest placement presented here sup- 
ports this argument, the strongest support 
coming from the significant relationship be- 
tween nest height and duration of the nestling 
period. The relatively high nest success ap- 
parently characteristic of the family in North 

TABLE 6. Mean factor scores on Principal Components 1, 2 and 3 for successful and failed nests in New York and 
Kansas. 

New York (mean [SD]) Kansas (mean [SD]) 
PCl PC2 PC3 n PCl PC2 PC3 n 

Successful 0.02 (1.042) 0.26 (0.958) -0.14 (0.918) 42 -0.08 (0.730) -0.28 (0.839) -0.23 (0.835) 20 
Failed -0.06 (0.901) -0.74 (0.714) 0.40 (1.139) 15 0.05 (1.150) 0.18 (1.164) 0.15 (1.081) 31 
t-value 0.29 3.71"*** 1.85 0.48 1.66 1.32 

*** P < 0.001. 
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three components are given in Table 6. 

America suggests that the nest placement be- 
haviors adopted by these species are effective 
means of reducing nest losses. 

Patterns observed in my study suggest that 
predation is the driving force behind nest site 
selection. First, it is the major cause of nest 
failures in the Eastern Kingbird. Kingbird nests 
placed relatively low had the least probability 
of fledging young, due almost solely to the ac- 
tivities of predators (80% of losses below a 
relative height of 0.41). Low nests were pre- 
sumably more accessible, possibly because they 
were more visible to ground predators, and/or 

the larger lower limbs offered more support for 
their movements. In addition, nests placed ex- 
tremely high in trees usually also failed. Sim- 
ilarly, except for the low success (20%, n = 5) 
of nests placed near the trunk in Kansas, nest 
success was inversely related to relative dis- 
tance from the center of the tree. Exposure to 
physical factors (high winds and intense sun- 
light) was probably more severe at higher levels 
in trees or at the ends of branches where vege- 
tation and supporting branches are thinner and 
weaker. If predators were absent, nests placed 
relatively low or close to the trunk would pre- 



KINGBIRD NESTING HABITS 217 

sumably be most successful. The complete ab- 
sence of nests below a relative height of 0.41 
in New York and the low percentage in Kansas 
(10%) suggests that these nest sites are suscep- 
tible to predation. Low sites are apparently 
shunned by Eastern Kingbirds. Maximum suc- 
cess thus occurred at mid-heights in the tree 
and about midway between the tree center and 
canopy edge, indicating that those sites most 
heavily used were also generally the most suc- 
cessful. Nest placement behavior therefore 
probably represents a compromise between 
balancing losses to predators and weather. It 
seems to act in a manner analogous to stabi- 
lizing selection since at one extreme (low nests, 
close to trunk) predators are able to easily reach 
nests, but at the other (high nests or near the 
canopy edge) damage or loss of nests to phys- 
ical factors increases. 

However, results of the principal compo- 
nents analyses of Eastern Kingbird nests in- 
dicated that success was equally high among 
nests placed low in trees when placed on long 
horizontal branches, and those placed at the 
tops of trees, but relatively closer to the main 
trunk. Both positions are apparently difficult 
for nonflying predators to reach, probably be- 
cause of the weakness of the branches at those 
sites (for an example see Walkinshaw 1966a: 
255). Vegetative cover around the nest, and 
the number of supporting branches are appar- 
ently important determinants of success and 
it is their interaction with relative and absolute 
nest heights and distance from the canopy edge 
that are most important in determining suc- 
cess. These results suggest that the different 
nest sites used by these flycatchers provide 
equally effective means of hiding from pred- 
ators. The actual site where each species places 
its nest probably reflects the range of suitable 
sites available to it within the tree species nor- 
mally found in the habitats and geographic 
ranges where each species evolved. For ex- 
ample, within the genus Tyrannus, the Scissor- 
tailed Flycatcher has the lowest average nest 
height and the Western and Cassin's kingbirds 
the highest. The former species occupies open, 
grassland habitats (Smith 1966; M. T. Mur- 
phy, pers. observ.) where average tree height 
is low. The latter two species often nest along 
river courses in the west where tree height av- 
erages considerably higher (Smith 1966). The 
Eastern Kingbird is perhaps the most catholic 
in its choice of nest sites, possibly because of 
the great diversity of habitats encountered over 
its broad geographic range (see Fig. 1 in 
MacKenzie and Sealy 1981). 

Adult defense of the nest may also contrib- 
ute to high nest success in these species. Tyr- 
annids are well known for their aggressiveness 

(Bent 1942), and both Davis (1941) and 
MacKenzie and Sealy (1981) stated that the 
most violent Eastern Kingbird interactions oc- 
cur intraspecifically at the nest site. MacKenzie 
and Sealy (1981) also suggested that Eastern 
Kingbird aggression occurs in relation to com- 
petition for nest sites. However, kingbirds (Ty- 
rannus spp.) also aggressively defend their con- 
spicuous nests against predators. Ricklefs 
(1977a) detected a strong correlation between 
nest conspicuousness and intensity of nest de- 
fense in tropical passerines. Conspicuous nests 
are generally placed peripherally, and as Rick- 
lefs (1977a) suggested, the extra defense re- 
quired by conspicuous nests is probably aided 
by this peripheral placement since it affords 
air space in which aerial foragers with powerful 
flight abilities can maneuver. Eastern King- 
birds watch vigilantly over their nests (Smith 
1966; M. T. Murphy, pers. observ.), regularly 
intercepting potential nest predators over 100 
m from the nest and forcing them from the 
area. I have seen flying Blue Jays (Cyanocitta 
cristata) driven to the ground and, on one oc- 
casion, knocked off a perch by an Eastern 
Kingbird. Crows and squirrels are similarly 
harassed. Western Kingbirds are nearly as ag- 
gressive and both have repeatedly struck me 
while I weighed nestlings at nests. While nu- 
merous species are occasionally attacked, 
corvids and other avian predators are the 
species most frequently the objects of the most 
persistent and aggressive interspecific attacks 
by Eastern Kingbirds. 

Reproductive effort, of which nest defense 
is a componet, is predicted to vary inversely 
with the potential for future breeding attempts 
(e.g., as individuals age or as the end of the 
breeding season approaches; Pianka and Par- 
ker 1975, Ricklefs 1977b). Short-lived indi- 
viduals (e.g., passerine birds; Farner 1955) with 
restricted breeding seasons (tyrant flycatchers; 
Robins 1970; Murphy, in press) should invest 
relatively greater amounts of time and energy 
in each breeding attempt than should individ- 
uals with more than one opportunity for breed- 
ing per season. The intense aggression over 
nest sites and the presumed high risks asso- 
ciated with nest defense in tyrannids would 
therefore be predicted from the limited breed- 
ing opportunities that most species have. East- 
ern Kingbirds differ in their intensity of nest 
defense and more aggressive pairs have higher 
nest success (Blancher and Robertson 1982). 
The ability of kingbirds and other flycatchers 
to engage in aggressive nest defense is probably 
aided by the peripheral placement of the nest 
and their powerful flight abilities. 

The hypothesis that tyrannid aggressiveness 
is related to nest defense is supported by one 
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case of its complete absence. Adult Yellow- 
bellied Flycatchers, which place their nests on 
the ground (Bent 1942), are quiet and unob- 
trusive around the nest, and nests are appar- 
ently difficult to find (Walkinshaw 1967). Since 
these birds would have little chance of deter- 
ring most terrestrial predators, it seems likely 
that they have evolved an alternative habit of 
anonymity in the nesting area so as to reduce 
the chance of attracting predators to the nest. 
Behavior at the nest and nest placement are 
therefore likely coevolved traits, and are the 
primary means of reducing nest losses. 

These findings indicate that even within the 
same habitats, not all species are necessarily 
exposed to the same risks of predation. Selec- 
tion of particularly safe nest sites and/or ag- 
gressive nest defense are methods by which 
rates of nest loss can be reduced, suggesting a 
basis for the intense intraspecific competition 
for nest sites by Eastern Kingbirds. However, 
the efficacy of nest site selection to reduce nest 
losses is not always realized. Hence, it is not 
justified to assume, as has sometimes been 
done, that all things are equal among open- 
nesting passerines. Different risks of nest loss 
cast doubt on models of life history evolution 
based on this premise, an example being the 
hypothesis that growth rates of nestling pas- 
serines are pushed to the physiological maxi- 
mum because of the intensity of predator pres- 
sure (Ricklefs 1969b). Unquestionably, high 
rates of nest predation will select for faster 
nestling growth and early fledging, but other 
constraints on the rate of nestling development 
(e.g., foraging mode; O'Connor 1978) may not 
allow such increases in growth rate. The spe- 
cialized foraging techniques of most tyrant fly- 
catchers generally result in low rates of en- 
counters with prey (Fitzpatrick 1981), which 
may be further worsened by inclement weather 
(Mahan 1964). The prediction that nestling 
growth rates should drop under such condi- 
tions (O'Connor 1978) is in general supported 
by the available information (Ricklefs 1976; 
Murphy 1981, in press). Nest site selection ap- 
parently provides a mechanism to allow such 
reductions in the rate of nestling development. 
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Effects of Soils and Grazing on Breeding Birds of Uncul- 
tivated Upland Grasslands of the Northern Great Plains. - 
H. A. Kantrud and R. L. Kologiski. 1982. U.S. Fish and 
Wildlife Service. Wildlife Research Report 15. 33 p. Paper 

cover. No price given. This study of native grassland bird 
populations and their habitat follows standard formats, 
resulting in useful data that are analyzed with appropriate 
statistical methods. The taxonomy and nomenclature of 
soils is difficult at best, and the number of independent 
variables that make up a given soil type is large. The 
authors provide an excellent summary of the first problem, 
and ignore the second. The resulting discussion of the 
interrelationships among native grassland, birds, soils, and 
grazing is interesting, and supported whenever possible. 
The evident optimum breeding habitat presented for each 
of 29 bird species is garnered from literature and obser- 
vational sources, and from generalized results supported 
by the data. The conclusions are, for the most part, mean- 
ingful statements of the relationship between each grass- 
land bird and its habitat. A small but valuable paper for 
anyone interested in the birds of our Northern Great Plains. 
References. -J. Tate. 
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