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where temperatures were measured simultaneously,
we compared the length and variation of incubation
shifts and recesses, and the duration of night-time
incubation, between females of different age. In
addition, we investigated the effect on incubation
behaviour of environmental variables such as weather,
time of day and season. We hypothesized that 1-
year-old Savannah Sparrows would be less effective
at incubation than older birds because of their inex-
perience at breeding. Moreover, young birds may
withhold reproductive effort (Reid 1988), have
inferior foraging skills or have less access to food
(MacLean 1986, Moreno 1989), additional factors
that would make them less effective at incubation.
In particular, we predicted that yearling females
would have shorter night-time incubation periods,
shorter incubation shifts, longer incubation recesses
and lower nest temperatures during their absences
than older females. We also expected that younger
birds would have more variable incubation shift and
recess lengths than older birds. Finally, if yearlings
proved to be less effective at incubation, we pre-
dicted that their incubation periods would be pro-
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Whenever an incubating female left the nest,
the nest temperature dropped abruptly; upon her
return, it immediately rose sharply (Fig. 1). To verify
that temperature fluctuations indicated the presence
or absence of the incubating female (vs. merely shifts
in her position on the nest), we observed four nests
for 1–2 h each at various times of day. Departures
and arrivals by the female coincided with distinctly
steep, unidirectional and continuous changes in nest
temperature. On the basis of these observations, we
interpreted any drop in temperature of more than
2 °C that occurred within a 1-min period and that
continued for at least 2 min as indicating a departure
from the nest (and the end of an incubation shift and
beginning of an incubation recess; see Zerba & Morton
1983). Any similar rise in temperature signified an
arrival at the nest (and the beginning of an incuba-
tion shift and end of an incubation recess). The
terms ‘incubation shifts’ and ‘recesses’ correspond to
‘attentive’ and ‘inattentive’ periods of Davis et al.
(1984). Questionable events were eliminated from
our analyses, which is why sample sizes of incuba-
tion shifts and recesses are not always equal. The
duration of night-time incubation was the time
between returning to the nest for the last time in the
evening and leaving the nest for the first time in the
morning. Females never left the nest in the middle of
the night.

Temperature measurements were taken between
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solar radiation, precipitation) were recorded instan-
taneously at 08:00 and 20:00 h daily, and at 10-s
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until after sunset. In the morning females generally
did not leave the nest for the first time until about
0.5 h after sunrise (Fig. 2b). For 13 yearlings and
nine older females measured on 53 nest-nights, we
determined the mean time at which females entered
the nest at night, the time they left the nest in the
morning and the total time they spent on the nest
during the night. Controlling for date, female age
had no significant effect on nest entry time at night,
nest departure time in the morning or total time
spent on the nest during the night (
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(see below), the length of incubation shifts was inde-
pendent of age class (ANCOVA: F1 = 2.36, P = 0.13;
difference between means (se) = 0.07 (0.05)). Sim-
ilarly, the coefficient of variation of incubation shift
length was independent of age class (F1 = 0.46, P =
0.50; difference between means (se) = 0.13 (0.11)).

As with incubation shift length, there was no dif-
ference between yearlings and older females in the
length of incubation recesses during the day (ANCOVA:
F1 = 2.23, P = 0.14; difference between means (se) =
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identification (ANCOVA: F1 = 0.19, P = 0.66; F1 = 3.66,
P = 0.057, respectively). Yearlings and older females
did not differ in their reaction to inclement weather;
none of the interactions between age and ambient
temperature, solar radiation or rain was significant
(P > 0.05). During the middle of the day, incubation
shifts were on average shorter and incubation re-
cesses longer (F5 = 44.00, P < 0.001; F5 = 7.70,
P < 0.001, respectively). As a result, the total time
off the nest per hour tended to be highest in the
early afternoon, when ambient temperatures peaked
(Fig. 4). However, there was no significant difference
between the mean incubation shift lengths of year-
lings and older females with respect to time of day
(all interactions between female age class and time of
day: P > 0.30).

One might expect that incubating females should
have to spend more time on the nest to rewarm their
eggs immediately after prolonged absences from the
nest. Moreover, females should be able to spend
more time on the nest after having had longer to
forage (Davis et al. 1984, Biebach 1986, Conway &
Martin 2000). However, we found no correlation
between the length of a female’s incubation shift and
the length of either the recess that followed or the
recess that preceded the incubation shift (linear
regressions: P > 0.05).

Incubation and reproductive success

Given the fact that yearling and older Savannah
Sparrows did not differ significantly in any aspect of
their incubation behaviour that we measured, one
would not necessarily expect differences in the length
of their incubation periods or hatching success. We
were able to determine the incubation period for 39
nests that were discovered before the clutch was
complete. The clutches, laid by 21 yearlings and 18
older females, did not differ in size or hatching date
(t-tests: P > 0.20). Assuming that incubation by both
age classes effectively begins after the penultimate
egg is laid, there was no difference in the length of
the incubation period between yearlings and older
females (Table 2). Taking advantage of a much larger
sample of nests that were not discovered until incu-
bation was already underway (and assuming that the
nests of yearlings and older females are on average found
at the same stage of incubation), we found no difference
between yearlings and older females in the time between
discovery of the nest and hatching (Table 2), which
provided additional evidence that incubation periods
do not differ between age classes. Hatching success
(number of eggs that hatched per egg laid for nests
in which at least one egg hatched) was virtually
identical for yearlings and older females (Table 2).

Figure 4. Mean ambient temperature (°C) on Kent Island on a typical sunny day dur ing the breeding season (dotted line), and meantotal time (min) off the nest per hour for all females (open squares) as a function of time of day.
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DISCUSSION

Both theory and the limited empirical evidence that
exists on age-related incubation behaviour suggest
that birds should become more proficient at various
aspects of reproduction as they age. Not only have
older females gained experience timing incubation
shifts and recesses, they are likely to be more efficient
at foraging or have better access to food because of
increasing social dominance, and possibly to invest
more in reproduction with age (Stutchbury &
Robertson 1987, Reid 1988, Daunt et al. 1999). Yet
we found that yearling and older Savannah Sparrows
had very similar incubation behaviour, despite the
fact that none of the yearlings had had experience
breeding and all of the older females had nested in
previous years. We found no significant differences
between age classes in the mean length of incubation
shifts or recesses, in variation in the length of incu-
bation shifts or recesses, in minimum nest temperature
or variation in minimum nest temperature during
incubation recesses, or in the duration of night-time
incubation. It should be noted, however, that the
relatively small sample size of the subset of matched
pairs, and the relatively large standard errors of
the estimated differences in incubation behaviour
(Table 1), reduced the power of that analysis; to
have found significant differences between age
groups using t-tests, there would have had to have
been marked differences between yearlings and
older females in each aspect of incubation behaviour.
Moreover, the direction of differences between age
groups tended to be in the direction predicted,
although the differences themselves were not signi-
ficant. Using the entire dataset and applying mixed-
model ANCOVAs, standard errors were much smaller,
which increased our confidence that any differences
in incubation behaviour between age groups were
small or non-existent (see also Table 2).

If experience (as opposed to age per se) were crit-
ical in incubation behaviour, one might expect that,
as the season progressed, individual birds would
become more proficient at incubation. In particular,
their incubation shifts should become longer and less
variable, and their incubation recesses shorter and
DISCUSSION
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