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ABstRACT.--Observational and experimental procedures were used to evaluate the po- 
tential importance of brood size and weather on the evolution of clutch size in the Eastern 
Kingbird. Modal clutch size was three eggs, yet broods of four were most productive. Nest- 
ling size varied inversely with brood size, so that "nestling quality" was lower in broods 
of four than in broods of three. Asymptotic weight of nestlings in broods of three was 
directly and significantly correlated with ambient air temperature, followed by hatch order. 
Because larger broods were being fed during a period of relatively cool and wet weather, 
the effects of brood size were probably confounded by weather-induced changes in food 
availability, suggesting that the ability to produce surviving young successfully from large 
broods is dependent upon weather conditions during the nestling period. These observa- 
tions match patterns seen in other aerial foragers and indicate that unpredictable changes 
in temperature and precipitation dramatically affect the ability of the adults to feed young. 
A high variance in fiedging success from the largest broods is indicated and probably selects 
for a reduced number of offspring in the Eastern Kingbird. Trade-offs in reproductive effort 
and parental survival do not appear to be required to explain patterns of clutch size in the 
Eastern Kingbird or, probably, other aerial foragers. Received 13 November 1981, accepted 11 
November 1982. 

INTEREST in the evolution of clutch size in 

birds stems from the work of David Lack (1947). 
He proposed that clutch size was an evolved 
trait, the number of eggs laid by nidicolous 
birds being determined by the ability of the 
adults to feed the young. Their heritability and, 
therefore, evolutionary potential of clutch size 
has been established (Perrins and Jones 1974; 
Noordwijk et al. 1981), yet a critical prediction 
of Lack's "food limitation" hypothesis, that the 
most common clutch size would also be the 

most productive brood size, has often not been 
supported (Haartman 1971, Crossner 1977, 
Murphy 1978, Cronmiller and Thompson 1980, 
De Steven 1980). 

The causes for this apparent contradiction no 
doubt vary, for many factors could determine 
optimal clutch size (i.e. that number of eggs 
that maximizes expected fitness per offspring 
and not just the number of young fledged; 
Brockelman 1975). In some studies (e.g. Cron- 
miller and Thompson 1980) young in larger 
broods have fledged at lower weights and 
sometimes apparently have not survived as well 
as heavier young from smaller broods (Perrins 
1965). Such results support Lack's hypothesis. 
At the same time, however, it has been pre- 
dicted •hat the size of a clutch will be less than 

the maximum number of young that can be fed 
when (a) intense competition favors the pro- 
duction of larger, competitively superior off- 
spring (Brockelman 1975), (b) the variance in 
fiedging success from the largest brood sizes is 
high (Gillespie 1977), or (c) the total lifetime 
production of young is lessened due to an in- 
creased mortality among birds raising larger 
broods (Williams 1966, Charnov and Krebs 
1974, Snell and King 1977, Askenmo 1979). Still 
others have suggested that clutch size is prox- 
imately limited by the amount of energy and/ 
or protein that is available for egg production 
at the time of ovulation (Jones and Ward 1976, 
Murphy 1978), or that clutch size is individ- 
ually optimized (Schifferli 1978). 

Relatively few passerines breeding in north 
temperate regions have modal clutch sizes of 
three eggs (O'Connor 1981), and those that do 
generally breed in forest habitats (Brewer and 
Swander 1977). The Eastern Kingbird (Tyran- 
nus tyrannus) breeds in grassland to forest-edge 
habitats, has a model clutch size of only three 
eggs (Davis 1941, Bent 1942, Murphy in press), 
is single-brooded, and is also exceptional in 
having a period of post-fiedging parental care 
that extends for 5 or more weeks (Morehouse 
and Brewer 1968). Kingbirds thus invest heavi- 
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ly in a relatively small number of young each 
year. In order to understand the ultimate fac- 
tors resposible for the evolution of a given re- 
productive effort (i.e. number and size of off- 
spring), it is first necessary to document the 
proximate factors affecting nestling survival. 
Weather conditions, because of their affects on 
insect flight activity (Bryant 1975), are impor- 
tant determinants of nestling growth and sur- 
vival in aerial insectivores. The majority of 
Eastern Kingbird prey captures are of flying 
insects (Leck 1971, Murphy pers. obs.), sug- 
gesting that weather may also be important to 
nestling growth in kingbirds. Using observa- 
tional and experimental (brood-size enlarge- 
ment) procedures, I attempted to document the 
impact of weather and brood size on the growth 
of Eastern Kingbird nestlings in order to de- 
termine their relative importance in the evo- 
lution of the clutch size of kingbirds. 

METHODS 

Data were gathered on Eastern Kingbrids breeding 
in Erie County, western New York from May to Au- 
gust 1979. The center of my research site was located 
16 km from Lake Erie, about midway between the 
towns of Eden and Angola (42ø40'N, 78ø57'W). De- 
scriptions of the study site, general field procedures, 
and climatic data for 1979 are given in Murphy (in 
press). Weather was essentially normal during the 
period of study. 

Nests usually were visited every second or third 
day. At each visit I measured the weight and the 
lengths of the tarsus and ninth primary of each nest- 
ling. Most nestlings were of known age. Ages of 
nestlings found after hatching were estimated using 
weight and length measurements in a technique pre- 
viously described (Murphy 1981). Most nestlings 
hatched asynchronously in clutches of three and four, 
i.e. over 2 or 3 days. Eggs hatching on the same day 
hatch at least several hours apart. I was therefore able 
to identify nestlings' hatch order by visiting a nest 
two or three times on the day of hatching. When two 
hatchlings appeared between successive visits, I es- 
timated hatch order using a combination of the dry- 
ness of natal down (the drier the down, the earlier 
the hatching) and skin color (skin progressively 
darkens as birds age). 

I subsequently attempted to obtain measurements 
of nestlings on day 14 (hatching = day 1) for esti- 
mating "nestling quality." I assumed the quality of 
a nestling (its future probability of survival) to be 
directly correlated with its size. Hence, I gathered 
data that would enable me to detect [using a single 
classification analysis of variance (ANOVA)], differ- 

ences in weight and tarsus and ninth-primary length 
at 7 days of age for weight and at 14 days for weight 
and tarsus and ninth-primary length. With the ex- 
ception of weight on day 14, all comparisons were 
made of actual measurement data. In place of day 14 
weight I used asymptotic weight (X0), calculated from 
a least-squares regression procedure outlined by 
Crossner (1977). I chose to use X0 because the deter- 
mination of weight can be affected by several un- 
controlled variables (time of day, length of time since 
last feeding, or weather conditions). Crossner's X0 
should more accurately reflect the nestling's entire 
growth history. Data used in the regression were 
corrected for unequal measurement intervals. 

Brood size ranged from 1 to 5. Clutches of 1 and 5 
did not occur naturally, so that broods of 1 and 5 
were the result of egg or nestling attrition or of ex- 
perimental modification of brood size. Two broods 
of five young were created by adding a freshly hatched 
fifth nestling to two broods of four young on the day 
of hatching of the last nestling. More extensive mod- 
ification of brood size was not possible because of the 
limited number of simultaneously occurring, acces- 
sible nests. Brood size was considered to have 

changed from the initial size only if a nestling dis- 
appeared before 7 days of age and then only when 
nestling size was being considered. Productivity and 
length of the nestling period (hatching of first nest- 
ling to fledging of the brood) were compared using 
initial brood size in all cases. Sample sizes for pro- 
ductivity are generally larger than for comparisons 
of nestling size, because not all nests where produc- 
tivity could be measured were accessible to mea- 
surement of nestlings. 

Environmental influences on final nestling size were 
investigated using a step-down multiple regression. 
The dependent variable was asymptotic weight (X0). 
Environmental variables acting within the nest that 
may affect size are brood size, hatching order, and 
initial size (Bryant 1978). These and seven external 
environmental variables were included in the anal- 

ysis as predictor variables. The external environ- 
mental variables were date (calculated using 1 May 
as day 0) and six climatic variables, which were 
number of days with rain greater than 0.1 mm, mean 
maximum daily temperature, and overall mean daily 
temperature, all three calculated over the entire nest- 
ling period and for only the latter half of the same 
period. Weather data were obtained from a weather 
station located 32 km away in Fredonia, New York. 
Fredonia is also close to Lake Erie. Mean daily tem- 
perature was the average of the daily minimum and 
maximum temperatures. This analysis was limited 
to nests found no later than the first day after hatch- 
ing, because the hatch order of most nestlings could 
be estimated accurately up to this point. I subtracted 
the average growth increment between days 1 and 2 
from the day 2 weight of nestlings first weighed on 
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TABLE 1. Nestling size in relation to brood size for (a) weight at 7 and 14 days of age, (b) tarsus length, 
and (c) ninth primary length at 14 days of age for nestling Eastern Kingbirds. 

Brood size 

1 2 3 4 5 

(a) Weight (g) 
7 days '• 

n 5 5 26 13 8 
• 22.9 20.0 21.6 21.0 20.1 
SD (1.88) (4.91) (2.01) (1.84) (1.08) 

14 days t' 
n 7 6 29 c 15 c 10 
• 37.2 36.5 34.2 31.5 24.7 
SD (2.17) (1.95) (3.07) (3.44) (2.96) 

(b) Tarsus (mm) d 
• 19.4 19.3 18.8 18.8 18.2 

$D (0.64) (0.28) (0.65) (0.72) (0.73) 
(c) Primary (mm) d 

• 35.2 33.8 34.1 32.4 27.6 
SD (3.32) (2.85) (2.33) (3.48) (4.50) 

Actual weight at 7 days of age. 
Asymptotic weight predicted from the least squares regression procedure. 
Two nestlings that starved at 10 days of age were excluded. 
Sample sizes the same as for weight at 14 days of age. 

that day in order to estimate initial size. A strong 
correlation between weights on days 1 and 2 (r = 
0.90, n = 40; Murphy unpubl. data) justified this. 

RESULTS 

Brood size effects.--The weight of nestlings at 
7 days of age was independent of brood size 
(Table 1. ANOVA F4,,5,, = 1.80, ns), but by day 
14 significant differences in weight (Table 1. 
ANOVA F4,•0 = 26.8, P (0.001) and tarsus and 
ninth primary length were evident (Table 1. 
ANOVAs F4,•0 = 4.16, P (0.005 and F4,•0 = 
8.65, P ( 0.001, respectively). Nestling weights 
progressively decreased with increasing brood 
size; the asymptotic weight of nestlings in 
broods of 1 was 51% greater than the asymp- 
totic weight of nestlings in broods of 5. Cor- 
responding figures for tarsus and ninth pri- 
mary length were 6.6% and 27.5%, respectively. 
Not surprisingly, weight and ninth primary 
length exhibited a strong positive correlation 
on day 14 (r = 0.665, df = 52, P (0.001), ev- 
ident even within broods of three (r = 0.571, 
df = 25, P (0.001). Thus, "nestling quality" 
was significantly affected by brood size at 14 
days of age but not before 7 days of age. A 
restriction of the analysis of weight variation 

to broods of natural size (2-4 young) also re- 
suited in a significant effect of brood size on 
weight (ANOVA) F2.47 = 6.63, P < 0.001) at 14 
days of age. 

The coefficient of variation of nestling 
weights at day 14 for each brood size also ex- 
hibited a significant increase with brood size 
(r = 0.952, df = 3, P < 0.05), indicating a 
greater range of weights within the larger brood 
sizes. This suggests that low nestling weights 
in the larger broods may have been the result 
of a "runt" phenomenon and not a whole-brood 
effect. To test for this, weights of nestlings in 
broods of 3, 4, and 5 were analyzed with re- 
spect to hatch order. Only in broods of four 
was the effect of hatch order significant, with 
last-hatched nestlings having the lowest 
weights (Table 2). Although nestling weights 
also tended to vary inversely with hatch order 
in broods of five, the effect was not significant. 
It is obvious, however, that nestling weights 
were uniformly low in the two broods of five 
(Table 2. range = 19.0-27.7 g). Low nestling 
weights in broods of five were therefore a 
whole-brood phenomenon but were also due, 
at least partly, to small last-hatched nestlings 
in broods of four. 

Excluding losses to predators, productivity 
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TABLE 2. Nestling weight (g) in relation to hatch 
order for broods of 3, 4, and 5 young. Values are 
means, with standard deviation in parentheses. 

Brood size a 
Hatch 
order 3 4 5 

1 32.9 31.6 26.2 

(3.82) (1.91) (2.05) 
2 34.3 33.3 26.3 

(2.19) (3.53) (1.56) 
3 33.8 32.7 25.9 

(2.92) (2.64) (0.99) 
4 -- 26.9 22.8 

-- (3.40) (4.38) 
5 -- -- 22.2 

-- -- (4.50) 
F • 0.49 3.88* 0.86 

• Sample size for broods of 3, 4, and 5 are 9, 4, and 2 nests, respec- 
tively. 

• Value of the F-statistic for a single classification ANOVA of weight 
variation with respect to hatch order. * = P < 0.05. 

was greatest for broods of 4, followed by broods 
of 3 (Table 3). The relationship between the 
percentage of broods losing at least one nest- 
ling to starvation and brood size, however, is 
significant (r = 0.955, df = 3, P = 0.01), indi- 
cating that the frequency of nestling starvation 
increased with brood size. In both broods of 

5, 3 nestlings starved. In no other nest did more 
than one nestling die of starvation. The aver- 
age age of starvation was heavily skewed to- 
ward the end of the nestling period; only one 
nestling starved at an age of less than 10 days. 
The average age of starvation was 12.5 days 

(SD = 3.57, n = 13). In 6 of 8 nests where the 
identity of the starved nestling was known, it 
was the nestling last to hatch. Predation was 
more frequent on broods of four (2/7 nests = 
28.6%) than on broods of three (1/20 nests = 
5.0%), although the difference is not signifi- 
cant (t = 1.54, df = 25, ns). 

Nestling period ranged from 15 to 19 days, 
with 17 days being most common. The length 
of the nestling period was significantly affected 
by brood size (Table 3. ANOVA F4,24 = 13.4, 
P < 0.001), with the average length of the nest- 
ling period increasing with brood size. The 2 
broods of 5 each required a minimum of 19 
days to fledge, the third 19-day nestling period 
occurring in a brood of 4. 

Environmental influences on final size.--The 
multiple regression relating final nestling size 
to various environmental factors again indi- 
cated that brood size was the major source of 
variation in final nestling size. The correlation 
between brood size and asymptotic weight (r = 
-0.771, df = 50, P < 0.001) was the strongest of 
three significant correlations, the other two be- 
ing between asymptotic weight and mean tem- 
perature over the entire nestling period (r = 0.527, 
P < 0.00l) and between asymptotic weight and 
number of rainy days over the second half of 
the nestling period (r = -0.313, P < 0.05). 
Partial correlations between the latter two vari- 

ables and final nestling size after entry of brood 
size into the regression were near zero (r = 
0.065 and r = 0.060, respectively), due to the 
strong correlations between brood size and 

TABLE 3. The influence of initial brood size on (a) productivity (number of young to fledge) and (b) length 
of the nestling period in Eastern Kingbirds. 

Brood size 

i 2 3 4 5 

(a) Productivity 
n 7 16 60 28 10 

Number to fledge 7 13 53 17 4 
Number starving 0 1 4 3 6 
Number depredated 0 2 3 8 0 
zc Productivity a 1.0 1.9 2.8 3.4 2.0 
SD b (0.00) (0.38) (0.42) (0.55) (0.00) 

(b) Nestling period length 
n 5 3 14 5 2 

'• (days) 15.0 16.7 16.8 17.8 19.0 
SD (0.71) (0.58) (0.80) (0.84) (0.00) 

Productivity excludes losses to predators. 
Standard deviation of productivity per nest excluding depredated nests. 
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mean temperature over the nestling period (r = 
-0.642, df = 50, P < 0.001) and between brood 
size and number of rainy days over the latter half 
of the nestling period (r = 0.450, P < 0.001). Un- 
fortunately, nestlings in the largest brood sizes 
were being fed during a period of cold and wet 
weather, so that brood size and climatic influ- 
ences on final nestling size could not be sep- 
arated. The fact that 10 of the 14 nestlings to 
starve did so during several days of below-av- 
erage temperatures immediately following five 
consecutive days of rain (Fig. 1) indicates that 
external environmental variables, in addition 
to brood size, probably had significant effects 
on nestling growth and survival. Figure 1 in- 
dicates that during the inclement weather 
brood-size effects became operational at pro- 
gressively earlier ages as brood size increased. 

To investigate further the potential influence 
of environmental factors on final nestling size, 
a second multiple regression was computed for 
broods of three alone. I chose to use only broods 
of three because (1) their occurrence spanned 
the entire breeding season and (2) they pro- 
vided the largest sample size. The strongest 
correlations with asymptotic weight were of 
mean temperature over the entire nestling pe- 
riod (r = 0.516, df = 22, P < 0.01), mean tem- 
perature over the latter half (r = 0.414, df = 
22, P < 0.05), and hatch order (r = 0.389, df = 
22, 0.05 < P < 0.10). The correlation between 
date and asymptotic weight was not significant 
(r = 0.305, df = 22, ns). Results of the first three 
steps in the multiple regression are presented 
in Table 4. Mean temperature over the entire 
nestling period entered the regression first, fol- 
lowed by hatch order (partial correlation = 
0.454; df = 2, 21; 0.05 < P < 0.10). With the 
inclusion of hatch order the multiple coefficient 
of determination (R") increased from 26.7% to 
41.8% of the variance in final nestling size. 
Thus, second- and third-hatched nestlings in 
broods of three, being fed when ambient tem- 
peratures were high, had the greatest asymp- 
totic weights. 

DISCUSSION 

Brood size, climatic variation and nestling 
weights.--From observations of the growth of 
nestling Eastern Kingbirds in different-sized 
broods being fed under varying conditions of 
air temperature and precipitation, I reach three 
conclusions: 

• 20 

35 

2 4 6 8 10 12 14 

AGE [days] 

Fig. 1. Average growth curves (weight gain) for 
young in broods of 2 (solid squares; n = i nest), 3 
(solid circles; n = 3 nests), 4 (open squares; n = 2 
nests), and 5 (open circles; n = 2 nests) hatching about 
23 June (+1 day). Mean ambient air temperature for 
each day of the nestling period on which these young 
were being fed in the nest is plotted in the upper 
curve. Precipitation exceeded 0.1 mm for 5 consec- 
utive days beginning on day 6 (solid circles). Note 
the lack of differences in weight gain before day 8. 
Brood-size effects became apparent by day 9 and were 
amplified up to the end of the measurement period. 
Ten nestlings starved between days 10 and 15. 

(1) Final nestling size decreased, but fre- 
quency of nestling starvation and length of 
nestling period increased, with an increase in 
brood size. That individual optimization of 
clutch size (e.g. Schifferli 1978) was not a major 
factor in these results is suggested by the fact 
that for broods that corresponded to the orig- 
inal number of eggs laid, significant negative 
effects of brood size were also detected. Hence, 
individual optimization of clutch size to dif- 
ferences in "parental quality" (e.g. foraging 
abilities; Bryant 1979, Bryant and Westerterp 
1982) was not a main cause for the significant 
brood-size effects. 

(2) Within broods of three young, final nest- 
ling size was directly and significantly corre- 
lated with air temperature. Weather conditions 
apparently also had a major impact on nestling 
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TABLE 4. Regression equations relating final nestling size in broods of three to initial size, hatch order, 
date, and six climatic variables in a stepwise multiple regression. 

Regression equation a 'R b 
Step I Y = -48.9 + 1.26(AIRTEMP) 0.516 
Step 2 Y = -51.8 + 1.26 (AIRTEMP) + 1.42(HATORD) 0.646 
Step 3 Y = -73.7 + 1.58(AIRTEMP + 1.42(HATORD) + 0.35(RAIN) 0.669 

a AIRTEMP - mean air temperature over entire nestling period; HATORD = hatching order of the nestlings; RAIN - number of rainy days 
over entire nestling period. 

•' Multiple correlation coefficient for each regression equation. 

starvation in all brood sizes, as most nestlings 
that starved did so during a period of low tem- 
peratures and high precipitation. 

(3) Broods of five exhibited disproportion- 
ately low weights and unusually heavy star- 
vation. Both broods experienced the worst 
weather of the season; 5 days of light-to-me- 
dium rain were followed by several days of be- 
low average temperatures. Hence, effects at- 
tributed to brood size were probably amplified 
by the impact of cool, wet weather on the abil- 
ities of the adults to feed the young. 

The frequency of nestling starvation among 
"aerial filtering" birds (swallows and swifts) is 
also greatest during inclement weather (Apus 
apus, Lack and Lack 1951; Progne subis, Allen 
and Nice 1952; Tachycineta bicolor, Chapman 
1955, Stewart 1972; Hirundo pyrrhonota, Stew- 
art 1972). Davies (1977) observed considerable 
nestling starvation in Spotted Flycatchers 
(Muscicapa striata) during periods of rain, when 
the availability of flying insects was observed 
to decrease. My observations of the negative 
impact of inclement weather on the growth and 
survival of nestling Eastern Kingbirds, which 
has also been documented in another kingbird 
population (P. J. Blancher pers. comm.), is 
probably also related to decreased food avail- 
ability. Although flycatchers use entirely dif- 
ferent foraging methods from those of swal- 
lows or swifts, they too are generally dependent 
upon flying insects for food. 

Alternative sources of food.--Although East- 
ern Kingbirds regularly eat fruit (Leck 1971, 
Stapanian 1982) and are able to use alternative 
methods of foraging, they are predominantly 
aerial foragers. The availability of flying insects 
to aerially foraging birds is decreased during 
periods of cool and/or wet weather (Taylor 1963; 
Bryant 1975, 1978; Davies 1977), and, because 
of the nestlings' high protein requirements, 
fruit is probably not a suitable food substitute 
for most nestling birds (Ricklefs 1976). There- 

fore, because nestlings must be fed insects, their 
food supply probably fluctuates with weather. 
This suggests that the relatively lightweight in- 
dividuals in broods of three and the extremely 
small nestlings in broods of five resulted from 
short-term reductions in the availability of 
flying insects. An alternative explanation, that 
broods of five could not be fed because of be- 

havioral limits of adult feeding rates (Hussel 
1972), is not supported by field observations. 
Fruit (mulberries, Morus sp.) became a com- 
mon food item of nestlings in broods of five, 
and to a lesser extent in broods of four, during 
the cool and wet period. The protein and lipid 
content of mulberries is low (King and Mc- 
Clure 1944). Nestlings were therefore receiving 
an inferior food source, suggesting an inability 
of the adults to locate sufficient insect food 

during poor weather. 
Brood-size manipulation.--The findings re- 

ported here are contrary to the results of brood- 
size manipulation experiments of Eastern 
Kingbirds in Kansas (Murphy unpubl. data). 
Broods of five in Kansas have not experienced 
weather as severe as that which occurred in 

1979 in New York, and differences in nestling 
size and in the frequency of nestling starvation 
in different-sized broods has not been ob- 

served. In neither population were broods of 
three the most productive brood size. Broods 
of four are consistently the most productive. 
The asymptotic weight and overall size of nest- 
lings in New York fledging from broods of four, 
however, were less than those of nestling 
fledging from broods of three. If the potential 
for future survival of a nestling is directly re- 
lated to its size at fledging (Perrins 1965, Howe 
1976, Garnett 1981; but see De Steven 1980, Ross 
and McClaren 1981), then it is possible that 
relatively more of the nestlings fledging from 
broods of three would survive to the next 

breeding season. This seems almost certain 
when one considers the very small nestlings 
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fiedging from broods of five, but differences in 
size between nestlings fledging from broods of 
three and four may be eliminated during the 
the period of prolonged post fiedging parental 
care. Because feeding rate does not peak until 
10-14 days after fiedging (Morehouse and 
Brewer 1968), however, maximum energy de- 
mands by the young occur after they have left 
the nest. The co-occurrence of large brood size 
and poor weather at this time would probably. 
result in even greater fledgling starvation. It 
therefore seems probable that the productivity 
of broods of four is more variable than that of 

broods of three, despite the prolonged care that 
fledgling kingbirds receive. 

Gillespie (1977) has theoretically demon- 
strated that a high variance in fiedging success 
from the largest brood sizes selects for reduced 
offspring number. The inability of kingbirds 
to predict the onset and duration of cool and 
wet weather exposes individuals attempting to 
raise broods of five to a high risk of reproduc- 
tive failure. Therefore, it may be best to at- 
tempt to raise fewer young than can normally 
be raised to independence under good condi- 
tions if the likelihood of complete reproductive 
failure increases dramatically with the unpre- 
dictable but potential onset of stressful condi- 
tions. The weather encountered in 1979 was 

not unusual, because the average length of the 
greatest number of consecutive days of rain in 
June in New York is about 4 days (œ = 4.2, 
SD = 1.86 days, range = 2-8 days, n = 15 yr; 
NOAA 1952-1955, 1971-1981). Patterns ob- 
served in 1979 were therefore not anomalous 

and occur regularly but at unpredictable inter- 
vals. Hence, it is probable that both small clutch 
size and prolonged parental care have evolved 
in the Eastern Kingbird to avoid complete re- 
productive failure during periodically stressful 
conditions. 

Further observations of the breeding biology 
of the Eastern Kingbird support this conclu- 
sion. Rapid starvation of nestlings is a wasteful 
strategy for aerial insectivores because of the 
variable nature of their food supplies. Slow 
nestling development minimizes the chance of 
prematurely starving nestlings (Lack and Lack 
1951, O'Connor 1978). Eastern Kingbirds de- 
velop relatively slowly for open-nesting pas- 
serines in north temperate regions (Murphy in 
press). I also found egg size to increase with 
laying order in New York (Murphy in press). 
This would tend to equalize nestling size and 

therefore competitive abilities arising from 
hatching asynchrony, which would also tend 
to minimize the probability of young starving 
unnecessarily during a temporary loss of food 
(Howe 1976). Increasing egg size probably also 
explains why, in broods of three, later-hatched 
nestlings tended to be heavier than first-hatched 
young. These traits, and the association of most 
nestling starvation with cold, wet weather, are 
typical of other aerial insectivores (Lack and 
Lack 1951; Chapman 1955; Bryant 1975, 1978; 
Davies 1977) and suggest the operation of com- 
mon selective pressures in the evolution of their 
life histories (O'Connor 1978). 

Trade-offs in reproductive effort and paren- 
tal survival therefore do not appear to be re- 
quired to explain patterns of clutch size either 
in the Eastern Kingbird or in other birds that 
use aerial foraging methods and that are able 
to raise larger than average broods (e.g. Tachy- 
cineta bicolor, De Steven 1980). The success of 
Tree Swallows in raising larger than average 
broods is probably attributable to the absence 
of particularly stressful feeding conditions dur- 
ing the period of study, especially because, in 
this species, nestling starvation during periods 
of cool, wet weather has been documented to 

be high (Chapman 1955, Stewart 1972). The ar- 
guments thus presented are similar to those 
offered by Lack and Lack (1951) to explain the 
evolution of clutch size in the European Swift 
(Apus apus) and may therefore be a general 
phenomenon among birds that capture insects 
in flight. 
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