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either average daily mean temperature (t 5
20.19, Z 5 0.80, n 5 11, P 5 0.42) or the average
daily high temperature (t 5 20.35, Z 5 1.51, n
5 11, P 5 0.13). There was no difference in K
between sites classified as uplands (0.52 6 0.05,
n 5 5) and those near water (0.50 6 0.05; Mann-
Whitney U-test, Z 5 0.60, n 5 9, P 5 0.55). The
average clutch size in a population was not cor-
related with nestling growth rate constants (t
5 20.16, Z 5 0.75, n 5 13, P 5 0.45).

Comparison with other species. Growth of
nestling Tree Swallows was within the range of
variability seen in the family Hirundinidae (Ta-
ble 1). Among swallow species, there was no
correlation between adult body mass and nes-
tling growth rate (t 5 20.17, Z 5 0.91, n 5 16,
P 5 0.36). Species known to regularly lay two
broods per season (Turner and Rose 1989) did
not have growth rates different from single-
brooded species (double brood 0.43 6 0.03; sin-
gle brood 0.46 6 0.02; Z 5 0.36, n 5 13, P 5
0.72). There was a slight tendency for species
with larger clutch sizes to grow faster but that
was not significant (t 5 0.48, Z 5 1.85, n 5 16,
P 5 0.06) and confounded by the increase in
clutch size with latitude. Growth rates of swal-
lows did vary with latitude, with species breed-
ing closer to the equator having slower growth
(Fig. 4).

Ricklefs (1968a) provides growth constants
for 63 species of small and medium-size pas-
serines (excluding Hirundinidae and species
with adult mass over 100 g) from 14 families or
subfamilies. The average K for those passerines
is 0.501 6 0.01, significantly higher than the
mean of 0.429 6 0.02 for 16 species of Hirun-
dinidae (Z 5 3.03, P 5 0.003). Ricklefs (1968a)
also provides the ratios of asymptotic mass to
adult mass for 58 species of small and medium-
size passerines (excluding Hirundinidae and
species with adult mass over 100 g). The Hi-
rundinidae in Table 1 had a significantly higher
ratio (1.15 6 0.04) than do non-Hirundines
(0.87 6 0.02; U-test, Z 5 5.28, P , 0.001).

Postfledging survival. For the Ithaca popula-
tion as a whole, nestling growth was signifi-
cantly related to the probability that a nestling
would be recaptured, either as a spring mi-
grant or a breeding individual. Logistic regres-
sion on the pooled data for 1989–1993 shows
that heavier nestlings were more likely to re-
turn (x2 5 12.4, df 5 1, n 5 1,641, P , 0.001),
as were those with longer wings (x2 5 6.55, df

5 1, n 5 1,233, P 5 0.011), and tarsi (x2 5 5.5,
df 5 1, n 5 215, P 5 0.019).

Effects of short-term fasting. An experimental
group of nestlings were fasted for 10 to 12 h on
day 6 (Fig. 5A). Mass of nestlings in control and
treatment broods did not differ at the begin-
ning of the experiment (control nestlings 5 9.5
6 0.3 g, experimental nestlings 5 9.0 6 0.3 g;
Wilcoxon test, Z 5 1.02, P 5 0.31). Brood size
of the two groups did not differ (control 5 5.3
6 0.2, experimental 5 5.4 6 0.2; Wilcoxon test,
Z 5 1.01, P 5 0.31), and was well within the
typical brood size of 5 to 6 nestlings of this and
other Tree Swallow populations (Robertson et
al. 1992, McCarty and Secord 1999).

Experimental nestlings lost an average of 0.7
6 0.1 g per nestling during day 6 (8% of their
starting mass), whereas control broods gained
an average of 1.9 6 0.3 g per nestling (20% of
their starting mass) during the same period
(Wilcoxon test, Z 5 3.59, P , 0.001). Nestlings
in the experimental broods remained signifi-
cantly lighter through day 10 (Fig. 5A). On day
12, the two groups no longer showed signifi-
cant differences though the trend towards
heavier nestlings in the control group remained
(Fig. 5A). The experimental treatment also re-
sulted in a difference in structural size. Wing
chord was smaller in experimental broods on
both day 10 (experimental 5 32.8 6 1.1 mm,
control 5 36.0 6 0.7 mm, Wilcoxon test, Z 5
2.94, P 5 0.003) and day 12 (experimental 5
32.8 6 1.1 mm, control 5 36.0 6 0.7 mm, Wil-
coxon test, Z 5 3.69, P 5 0.007). Tarsus length
of day 12 experimental nestlings (36.0 6 0.7
mm) was significantly shorter than controls
(36.0 6 0.7 mm Wilcoxon test, Z 5 3.35, P ,
0.001). All nestlings in both experimental and
control broods survived to fledging.

Given the observed relationship between
growth and the probability of being recaptured
as an adult in this population (above), one
would predict that nestlings with artificially re-
duced growth rates would return at a lower
rate than unmanipulated nestlings. Sample
size is small, but there was no significant dif-
ference in return rates of nestlings from exper-
imental and control broods (Fig. 6; Z 5 0.85, n
5 18, P 5 0.39). However, among the experi-
mental nestlings there was a significant rela-
tionship between the amount of mass lost dur-
ing the manipulation and the proportion of the
brood recaptured the following year (Fig. 6;
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FIG. 4. Growth rates of nestlings of 16 species of
Hirundinidae in relation to latitude. Growth rates in-
creased significantly with distance from the equator;
n 5 16, t 5 0.43, Z 5 2.33, P 5 0.020. Sources of data
given in Table 1. Line fit using least squares regres-
sion provided for illustration.

FIG. 5. Effects of experimental (A) and natural (B)
short-term food deprivation on subsequent growth
of nestling Tree Swallows. Effects of experimental
growth reduction on day 6 persisted until day 12 (A).
Lines for each category based on mean mass of nest-
lings within broods 6 SE. Mass of deprived nests (n
5 18 broods) and control nests (n 518 broods) com-
pared using paired Wilcoxon sign rank tests for each
age. Ages where differences remain significant after
application of a sequential Bonferroni adjustment to
P-values (Rice 1989) are indicated by ‘‘*.’’ Growth of
nestling Tree Swallows during and after a naturally
occurring period of adverse environmental condi-
tions was retarded (B). The bold line represents nor-
mal growth based on Figure 1. Circles joined by thin
lines represent the mean mass of nestlings in four
broods hatched during periods of adverse weather.
Open circles represent mean mass during the period
adverse weather was occurring; closed circles show
mass after weather conditions returned to normal.
Mass at each age is compared to the population mean
using one sample sign tests. P-values that remain
significant after application of a sequential Bonfer-
roni adjustment are indicated by ‘‘*.’’

Kendall rank correlation;t 5 0.35, Z 5 2.02, n
5 18, P 5 0.043).

Patterns of reduced growth similar to those
observed in the fasting experiments can be seen
in cases of natural starvation due to inclement
weather. During a four-day period of low tem-
peratures, rain, and reduced availability of in-
sects beginning on 19 June 1992, most adult
Tree Swallows stopped feeding their nestlings.
Although all nestlings older than 3 days at the
beginning of this period died after three or four
days (McCarty 1995), some nestlings that
hatched at the beginning of the period sur-
vived. Those nestlings failed to grow or devel-
op through that period, and, once feeding re-
sumed on 23 June, they remained several days
behind their normal growth trajectory (Fig.
5B). Wing length at days 8 (14.4 6 0.8 mm, n 5
9), 10 (26.6 6 1.2 mm, n 5 17), and 12 (37.4 6
1.8 mm, n 5 17) were also significantly shorter
than the population mean (one group sign
tests, P , 0.001 for each day). Although those
nestlings fledged successfully, the reduced
growth experienced resulted in a long-term ef-
fect on those nestlings. Nestlings from the five
nests that hatched during the period of adverse
weather were less likely to be recaptured (1 of
23 nestlings) than nestlings that fledged from
the three nests that hatched in the week im-
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Several aspects of the ecology of swallows, in-
cluding their relatively large brood sizes, sus-
ceptibility to short-term fluctuation in food
supply, relatively safe nest sites, or the neces-
sity of greater development before fledging
could influence patterns of growth rates. If
swallows do have safer nest sites, their slow
growth would tend to support the trade-off be-
tween growth and mortality proposed by Lack
(1968), who suggested that predation risk se-
lected for faster growth, whereas starvation
risk selected for slower growth. The effects on
growth of the susceptibility of swallows to food
shortages are difficult to predict. Although
slower growth may decrease maximum energy
demands (Lack 1968, Case 1978), rapid growth
might limit the duration of the vulnerable
(Lack 1968, Winkler 1993).

Postfledging survival. The lower probability
of recapture in nestling Tree Swallows with be-
low average growth of mass, wing length, or
tarsus length, is typical of other species of pas-
serines (Gustafsson and Sutherland 1988, Tin-
bergen and Boerlijst 1990, Gebhardt-Henrich
and van Noordwijk 1991, Gebhardt-Henrich
and Richner 1998). Subsequent recapture of
nestlings as adults is frequently used as an in-
dicator of postfledging survival. Because not all
surviving nestlings are recaptured, that as-
sumes that all nestlings have an equal proba-
bility of dispersing. As is the case for most
small passerines, not enough is known about
natal dispersal of Tree Swallows to evaluate
that assumption. Given the difficulty that cav-
ity nesters such as Tree Swallows have in se-
curing breeding sites (Robertson et al. 1992), it
seems that the ability to secure a nest cavity at
the natal site, and thus be recaptured, would be
advantageous.

The relationship between nestling growth
and subsequent recapture appears to be a caus-
al one (Tinbergen and Boerlijst 1990), but the
mechanism behind the relationship remains
unclear. Perrins (1965) attributed the relation
between nestling size and survival in Great Tits
(Parsus major) to the higher energy reserves
available to the heavier young birds. That in-
terpretation has been challenged by Garnett
(1981) who calculated that differences in fat re-
serves were probably not able to significantly
influence survival. The lack of a relationship
between fat stores of individual nestling Tree
Swallows and either their total body mass or

the size of structural features such as wing or
tarsus length (McCarty 1995) suggests that in-
creased energy stores are not primarily respon-
sible for the differences in recapture seen here.
Garnett (1981) proposed that body size acting
through dominance and social interactions
may be responsible for differences in postfledg-
ing survival. That effect is seen in Carrion
Crows (Corvus corone; Richner et al. 1989, Ri-
chner 1992) and may occur in Tree Swallows
(Lozano 1994).

Effects of short-term fasting. The fasting ex-
periment indicates that short-term reductions
in growth have long-term effects on the sub-
sequent size (as measured by tarsus length)
and mass of nestling Tree Swallows (Fig. 5A).
An analogous pattern is seen associated with
natural growth reductions caused by inclement
weather (Fig. 5B). Compensatory growth is not
observed after either experimental or natural
periods of short-term growth. Nestlings having
short periods of fasting do eventually reach
normal mass but only after a longer period of
growth. The delayed growth seen in those nes-
tlings emphasizes the importance that just a
few hours or days of delayed growth can have
effects comparable to the cumulative effects of
chronic food shortage throughout the nestling
period.

The conclusions of this study differ from
those of Wiggins (1990b), who found no long-
term effects of reduced nestling growth in Tree
Swallows (see also Wheelwright and Dorsey
1991). Wiggins produced differences in growth
by removing one or two nestlings from each
brood for periods of 4 h between days 5 and 8,
and then compared the growth of these ‘‘de-
prived’’ nestlings to their siblings who had not
been removed. Deprived nestlings grew slower
but there were no apparent differences be-
tween groups by day 15. The manipulation
used by Wiggins is analogous to conditions un-
der which a single nestling finds itself at a com-
petitive disadvantage relative to its siblings for
a portion of the nestling period. The manipu-
lation used in the present study is meant to
mimic the conditions experienced by nestlings
during periods of poor environmental condi-
tions; the entire brood experiences a food
shortage for an extended period, and when
conditions return to normal the parents must
then contend with an entire brood of deprived
nestlings. In Wiggins’ (1990b) experiment, par-










